REQUEST FOR COUNCIL ACTION
Date:
June 7, 2021
Item No.:
7.a
Department Approval

Item Description:

City Manager Approval

Consider a Citizen Petition for an Environmental Assessment Worksheet
(EAW) for a project known as Victoria Shores, located at the intersection of
Victoria Street and Orchard Lane on Lake Owasso
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BACKGROUND
The EAW process is governed under Minnesota’s Administrative Rules. These rules identify projects
that require mandatory EAW’s, but also provides a petition process whereby a petitioner may request
an EAW when the petition process is met under Section 4410.1100.
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The relevant mandatory project thresholds (4410.4300) are as follows:
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•

Subp. 19. Residential Development: 250 unattached units in a City within the seven-county
Twin Cities metropolitan area that has adopted a comprehensive plan under Minnesota Statues,
section 473.859.

•

Subp. 27. Public waters, public waters wetlands, and wetlands. Projects that will change or
diminish the course, current, or cross-section of one acre or more of any public water or public
waters wetland.
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Section 4410.4600 provides a list of projects that are considered exempt from the EAW process. Subp.
12 lists the following applicable exemptions:
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A. Construction of a sewered residential development, of:
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(1) fewer than ten units in an unincorporated area;
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(2) fewer than 20 units in a third or fourth class city;
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(3) fewer than 40 units in a second class city; or
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(4) fewer than 80 units in a first class city, no part of which is within a shoreland area,
a delineated floodplain, a state or federally designated wild and scenic rivers district,
the Minnesota River Project Riverbend area, or the Mississippi headwaters area.
B. Construction of less than ten residential units located in shoreland, provided all land in the
development that lies within 300 feet of the ordinary high water level of the lake or river, or
edge of any wetland adjacent to the lake or river, is preserved as common open space.
C. Construction of a single residence or multiple residence with four dwelling units or fewer
and accessory appurtenant structures and utilities.
The Victoria Shores project consists of 8 unattached units of housing and does not impact one acre or
more of any public water or public waters wetland, therefore an EAW is not mandatory. While the
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project does meet item A3 of the exemption thresholds, it does not meet item B. Therefore, staff does
not find it to be exempt.
The petition process provides for any person to request preparation of an EAW on a project. The
petition requires six components:
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•

Signatures of at least 100 individuals,
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•

Description of the project,
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•

The proposer of the project,
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•

Name, address and telephone number of the representative of the petitioners,
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•

A brief description of the potential environmental effects, and
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•

Material evidence indicating there may be potential for significant environmental effects.

38
39
40
41
42
43
44
45
46
47
48

The petition and material evidence is provided as Attachment C. The developer has provided materials
in response to the petition as Attachment D. The petition was filed with the Environmental Quality
Board (EQB), who determined the Responsible Governmental Unit (RGU) to be the City of Roseville.
In accordance with Minnesota Administrative Rules, Section 4410.1100, Subp. 6 “The RGU shall
order the preparation of an EAW if the evidence presented by the petitioners, proposers, and other
persons or otherwise known to the RGU demonstrates that, because of the nature or location of the
proposed project, the project may have the potential for significant environmental effects. The RGU
shall deny the petition if the evidence presented fails to demonstrate the project may have the potential
for significant environmental effects.”
In considering the evidence, the following factors of Section 4410.1700, Subp. 7 must be taken into
account:
A. Type, extent, and reversibility of environmental effects;
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B. Cumulative potential effects. The RGU shall consider the following factors: whether the
cumulative potential effect is significant; whether the contribution from the project is
significant when viewed in connection with other contributions to the cumulative potential
effect; the degree to which the project complies with approved mitigation measures
specifically designed to address the cumulative potential effect; and the efforts of the
proposer to minimize the contributions from the project;
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C. The extent to which the environmental effects are subject to mitigation by ongoing public
regulatory authority. The RGU may rely only on mitigation measures that are specific and
that can be reasonably expected to effectively mitigate the identified environmental
impacts of the project; and
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D. The extent to which environmental effects can be anticipated and controlled as a result of
other available environmental studies undertaken by public agencies or the project
proposer; including other EISs.
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Staff reviewed the information/evidence submitted with the petition, along with the developer’s
response to the petition request. Staff offers the following comments in regards to this information:
•

DNR letter dated 5-13-2021: Staff initially reached out to the DNR on March 9, 2021
soliciting review and feedback on the proposed preliminary plat (Attachment E). Staff also
sought specific information on controlled accesses. This email was responded to by Mr. Dan
Scollan on March 29, 2021 (Attachment F). To staff’s surprise, the May 13, 2021 letter
(Attachment G) revealed additional comments that were not provided in March. It is
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unorthodox for the DNR to submit supplemental comments nearly two months after their initial
review. DNR review of projects is preferred to occur before Planning Commission
consideration to ensure the application is complete. Minnesota Statues 15.99 requires cities to
notify applicants as to whether their application is complete within 15 days of receiving an
application. This DNR letter comes more than 60 days after staff’s initial inquiry to the DNR
regarding the proposed project. Nonetheless, staff has reviewed the information and has
advised the developer the plat will have to be revised to meet the 100’ lot width measurement
at the OHWL. Staff reached out to Mr. Scollan regarding the timing of this letter, who
acknowledged it was late. Staff informed Mr. Scollan the lot width issue will be resolved.
Staff further inquired as to the three bulleted recommendations at the end of page 2 of the letter.
Staff’s biggest concerns center around the City’s ability to require these items, and more
importantly, and the City’s ability to enforce them into the future given the Shoreland
Ordinance doesn’t specifically address these recommendations as requirements. Mr. Scollan
could not answer staff’s questions and offered a meeting with his supervisor. That meeting
offer was rescinded later in the day. On May 21, 2021, staff received a phone call from Mr.
Scollan’s supervisor John Gleason who emphasized the three bulleted items on the bottom of
page 2 of the letter are recommendations not requirements. Staff expressed concern regarding
the City’s legal ability to require the recommendations be implemented when they are not
provided as requirements in the City’s Shoreland Ordinance. Mr. Gleason again reiterated
these are recommendations not requirements and left to the local authority for consideration.
For what it’s worth, staff’s review of the DNR’s own model Shoreland Ordinance, updated in
October of 2019, reveals the recommendations made by the DNR (eliminate riparian lots,
dedicate a conservation easement, and utilize a single dock for all 8 homes) are not
requirements in their ordinance either. Given these recommendations and a disconnect with
existing ordinances, staff discussed the City’s legal ability to require such recommendations
with the City Attorney. The City Attorney has recommended the City not impose any
restrictions not expressly required as part of the Shoreland Ordinance rules. Still, staff has
forwarded these recommendations to the developer. The developer has not yet provided staff
information as to how he will meet the lot width at the OHWL requirement or whether he’s
receptive to implementing these additional recommendations. Nonetheless, staff does not
believe an EAW will reveal any new information in relation to these recommendations. Staff
would recommend these items be evaluated as the plat proceeds through the Preliminary and
Final Plat processes. Throughout these processes, City Code will applied and the developer
will be required to adhere to all DNR and watershed district rules relevant to shoreland
concerns.
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•

Endangered species & habitat assessments (US Fish & Wildlife): Two threatened,
endangered, or rare species were noted as having a possibility of being present within one mile
of the Victoria Shores project area. The developer provided a response to this potential in their
submitted response to the EAW request. This analysis details why it is unlikely both identified
species (Rusty Patched Bumble Bee and Northern Long-eared bat) would be present and/or
affected. The petition does not offer any additional evidence to support the potential presence
of these two species.

•

Migratory birds (US Fish & Wildlife): A list of nine migratory birds that utilize habitat
within the vicinity of the proposed development was provided by the petitioner. Based on
those nine, only three use the area during migration. The developer provided a response to this
potential impact in their submitted response to the EAW request. This analysis details why the
three identified species are unlikely to be present and/or impacted by the proposed
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development. The petition does not offer any additional evidence to support the potential these
migratory birds would be impacted.
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•

Barr Engineering memos/reports from 2007, 2008 and 2009, Cross and Jacobson
Landscape Factors Influencing Lake Phosphorus Concentrations Across Minnesota,
MPCA’s Phosphorus: Sources, Forms, Impact on Water Quality-a General Overview:
This information is somewhat out-of-context because it is general in nature and doesn’t speak
specifically to impacts the Victoria Shores project would have on water quality on Lake
Owasso. It is of staff’s opinion the proposed Victoria Shores development will likely be less
impactful from a phosphorus perspective than much of the existing development around Lake
Owasso. None of the proposed lots will have mowed grass within approximately 125’ of the
shoreline, with preservation of the wetland and wetland buffer. Also, a stormwater
management plan is required by the City and watershed district to keep post-development
runoff numbers at or below existing conditions. Both of those factors are unlike most of the
developed lots on Lake Owasso, where mowed grass exists up to the shoreline and runoff
enters the lake without rate control or treatment.

•

Bird collisions: Staff is unsure how this information is relevant. The homes proposed to be
constructed are no more impactful to bird collisions than any other home constructed around
Lake Owasso or in the City of Roseville.

•

Human impacts to wetlands & MPCA’s The Threats to Minnesota’s Wetlands: The
developer has already secured the necessary approvals through the Wetland Conservation Act
process. Additionally, materials submitted to the developer from the MN Board of Water and
Soil Resources and the Army Corps of Engineers (Attachment H) indicate there are no
permanent impacts to the wetland proposed as part of the development of Victoria Shores.
These documents indicate the docks proposed are not considered fill and that “no work will be
done in a navigable water of the United States, and no dredged or fill material, including that
associated with mechanical land clearing or temporary sidecasting, will be discharged in any
water of the United States, including wetlands.”

•

Human disturbance on loons: This thesis was from a study in northwestern Montana. The
MnDNR has already stated (Attachment I) there are no regulations that “addresses/mitigates
potential disturbance of nests from docks, motor boats, etc. The public waters rules address
activities in public waters (excavation, fill, structures, water level control structures,
restoration, etc.) and requires minimal impact solution and allows for mitigation for impacts.
However, there isn’t any language requiring mitigation for the impacts of docks or boats on
lake shores to wildlife nesting or the impacts of boats to wildlife on a lake or river.” The
developer provided a response to the petition regarding impact/displacement of loons in their
submitted response to the EAW request. This analysis details why it is unlikely loons would
be readily present and/or impacted by the proposed development. The petition does not offer
any additional evidence to support negative impacts to loons.

•

Nationwide Standard Conservation Measures: This information is general in nature and
outlines a list of effective measures that development sites should use to reduce impacts to
birds and their habitats.

•

Only 3% of land on Earth remains ecologically intact: The is a general article about how
much of the earth is no longer considered “intact habitat”. Based on this article, it is unlikely
that the Victoria Shores project area, pre-development, is “intact habitat”. While this article
may be good reason to focus heavily on preserving any intact habitat left on Earth, it isn’t
relevant to the potential for significant environmental effects from the proposed Victoria
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Shores development. This property is privately-owned and those owners have development
rights as much as any other landowner in and around Lake Owasso. Further, it is the City’s
obligation to impose development regulations, not to deny a development proposal out of
preference for conservation instead.
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•

U of M’s Extension Service’s Understanding Shoreland BMPs: Many of the Best
Management Practices (BMP’s) discussed in these materials do not apply to the Victoria
Shores project, including those related to septic systems, private wells, bluff stabilization, and
agriculture (crops). Regarding the BMP’s that do apply, the developer’s plans implement
many of the suggested BMP’s in regards to the dock type and installation proposed, meeting
structure setbacks from the OHWL of the lake, meeting wetland buffer setbacks and wetland
preservation, installation of landscaping, preservation of trees, management of storm water,
and limiting lawn close of the surface water.

In summary, much of the information submitted with the petition speaks generally to the negative
impacts development can have on the environment, whether to water quality, loss of wetlands, loss of
plant or animal habitat, the value of land conservation/preservation, or general information about
mitigation efforts to limit/reduce those negative impacts. Staff does not dispute any of the technical
information as being true or valid, generally, but none of it applies directly to the Victoria Shores
project. Various agencies across the federal, state, watershed, county, city, etc. level impose
regulations on development to mitigate negative impacts. Thus far in the review process, the developer
has demonstrated adherence to these regulations.
As outlined earlier in this report, Minnesota Administrative Rules, Section 4410.1700, Subp. 7
provides that four factors be considered when making a determination on whether the proposed
Victoria Shores project has the potential for significant environmental effects. Staff offers the
following responses to those findings below (staff response in italics) in support of the need for an
EAW to be unwarranted:
A. Type, extent, and reversibility of environmental effects;
Much of the site will not be impacted, including any permanent impacts to the wetland and
wetland buffer area. The applicant is also proposing pier-style temporary (seasonal) docks
which aim to not impact wetlands through the use of fill or excavation. The applicant has
already received a Minnesota Wetland Conservation Act Notice of Decision from the
Minnesota Board of Water and Soil Resources of “No-loss” as the dock structures “do not
meet the definition of fill…thus there is no proposed impact to the wetland”.
The applicant’s tree preservation plan depicts preservation of 78% of tree diameter inches,
and proposes to remove only three heritage trees, all listed in “fair” condition, two of
which are Cottonwood and the third, Silver Maple. Based on the amount of preservation,
compared to removals, the applicant meets the City’s Tree Preservation and Restoration
Ordinance and will not be obligated to plant additional trees beyond what is required in
the general landscaping standards. The developer’s petition response indicates 16 new
trees are proposed.
The applicant intends to meet both City and watershed district requirements for storm
water rate and quality control, none of which is directed into the wetland or Lake Owasso
without prior treatment.
B. Cumulative potential effects. The RGU shall consider the following factors: whether the
cumulative potential effect is significant; whether the contribution from the project is
significant when viewed in connection with other contributions to the cumulative potential
effect; the degree to which the project complies with approved mitigation measure
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specifically designed to address the cumulative potential effect; and the efforts of the
proposer to minimize the contributions from the project;
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Much of Lake Owasso is already developed with homes. Eight additional single family
homes, five riparian and three non-riparian, with six docks will not cause significant
environmental effects that cannot otherwise be mitigated as part the City’s plat approval
process or through the permitting process of various other regulatory agencies, including
the DNR and watershed.

211
212
213
214
215

C. The extent to which the environmental effects are subject to mitigation by ongoing public
regulatory authority. The RGU may rely only on mitigation measures that are specific and
that can be reasonably expected to effectively mitigate the identified environmental
impacts of the project; and
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As demonstrated throughout this report and attachments, the developer has demonstrated
an ability to comply with the mitigation measures imposed by various regulatory agencies,
which exist to effectively mitigate identified environmental impacts. None of the
information submitted with the petition reveals issues that are unknown and can’t
otherwise by managed through mitigation regulations.
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D. The extent to which environmental effects can be anticipated and controlled as a result of
other available environmental studies undertaken by public agencies or the project
proposer; including other EISs.
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It is of staff’s opinion that none of the information submitted with the petition demonstrates
the need for additional environmental study. The information submitted is general in
nature. Regulations at the federal, state, county, watershed, City, etc. level are appropriate
to mitigate the negative impacts development poses to the environment, all standards of
which will be applied as the plat process proceeds.
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In summary, staff concludes that none of the evidence submitted with the petition demonstrates the
potential for significant environmental effects. Further, the developer has already provided much of
the information that would be collected as part of an EAW, and a review of that information does not
reveal any potential for significant environmental effects. Lastly, ordering an EAW for a project that
does not meet the mandatory thresholds, as established under Minnesota’s Administrative Rules,
would be precedent setting, unless the evidence submitted clearly supported the need based on the
potential for significant environmental effects. As outlined in this report, none of the evidence
submitted with the petition supports the need for an EAW.
POLICY OBJECTIVE
There are no direct City policies or objectives related to citizen petitions for EAW’s. However, the
following policies are relevant in terms of the decision to order an EAW when the evidence submitted
does not demonstrate the potential for significant environmental effects:
•
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•

Advancing the City Council’s Policy Priority Plan’s (PPP) Strategic Priority on Housing,
which is to meet all identified housing needs, with a focus on all housing styles, types,
affordability levels, and market needs. In fact, the Victoria Shores property was identified by
City staff in the last PPP update to the City Council as a housing priority site (Attachment J).
Meeting the City’s overall housing needs as identified in the Housing Needs Assessment
conducted in October of 2018. The Summary of Housing Demand (Attachment K) identified
a need for 110 units of For-Sale Single Family general occupancy units through 2030. Since
this study was commissioned, the City has approved 68 units of for-sale single family general
occupancy housing. For the purposes of this number, staff included for-sale twin homes and

Page 6 of 7

254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281

townhomes. Being Roseville is fully developed, and recognizing there are limited “housing
priority sites” left as identified by City staff in the PPP, achieving 42 additional for-sale units
will be challenging. Given the current state of the real estate market, and if this assessment
were updated, it likely would show the need for for-sale housing has only grown since 2018.
Meeting the two policies identified above are especially difficult in a City that is fully developed, like
the City of Roseville. The only opportunities to add housing are through in-fill development, like
Victoria Shores. In-fill development, or developing vacant and/or under-utilized parcels within an
otherwise urban area, is difficult because in-fill sites remain largely because they are technically
difficult to develop for a variety of reasons, including the presence of wetlands, soil contamination,
steep grades, heavy tree cover, etc. And, while the above two policies do not directly impact the
environmental concerns outlined in the citizen petition, staff finds they are relevant in terms of the
decision to undergo an EAW that does not meet the mandatory project thresholds outlined in
Minnesota’s Administrative Rules, or when the petition does not provide compelling evidence on the
need to undergo the EAW, or when the proposed project is meeting (or will meet) the requirements of
various regulatory agencies, including the watershed district, the DNR, and the City.
BUDGET IMPLICATIONS
Beyond the staff time needed to process the EAW petition, the City will not/has not incurred expenses.
If the City Council determines an EAW should be prepared, the cost of the EAW is borne by the
developer/applicant, as well as the expense to the City of hiring a third-party environmental consultant
to review and comment on the submitted EAW and to help in making a staff recommendation on the
need (or not) to perform an EIS.
STAFF RECOMMENDATION
Make a determination that preparation of an EAW is not warranted.
REQUESTED COUNCIL ACTION
Adopt a Resolution, making findings of fact, that upon review of the evidence submitted with the
petition against the factors in Minnesota Administrative Rules, Section 4410.1700, Subp. 7
demonstrates that the proposed Victoria Shores development does/does not have the potential for
significant environmental effects and therefore the need to prepare an EAW is warranted/unwarranted.
Prepared by:
Attachments:

Janice Gundlach, Community Development Director
A: Resolution
B: 5/11/2021 letter for EQB
C: Petition w/attachments
D: Developer response to the petition request
E: 3/9/2021 email to DNR
F: 3/29/2021 email response from DNR
G: 5/13/2021 letter from DNR
H: COE letters & Notice of Decisions
I: 5/18/2021 email from DNR to watershed
J: Housing Strategic Priority of City Council’s PPP
K: Housing Needs Assessment – Summary of Housing Demand
L: Public comments RE EAW petition
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EXTRACT OF MINUTES OF MEETING
OF THE
CITY COUNCIL OF THE CITY OF ROSEVILLE
* * * * * * * * * * * * * * * * *
Pursuant to due call and notice thereof, a regular meeting of the City Council of the City of
Roseville, County of Ramsey, Minnesota was duly held on the 7th day of June 2021, at 6:00 p.m.
The following members were present:
and the following were absent:
.
Member

,

,

,

, and Mayor

.

introduced the following resolution and moved its adoption:
RESOLUTION No.

RESOLUTION RESPONDING TO A CITIZEN PETITION FOR AN
ENVIRONMENTAL ASSESSMENT WORKSHEET (EAW)
FOR AN 8-LOT DEVELOPMENT TO BE KNOWN AS VICTORIA SHORES
AND MAKING A DETERMINATION ON THE NEED TO CONDUCT AN EAW
WHEREAS, the EAW process is governed under Minnesota’s Administrative Rules, Section
4410.1100, and
WHEREAS, Section 4410.4300 provides for project thresholds under which an EAW is
mandatory, with the proposed Victoria Shores project not meeting any of the mandatory
thresholds, and
WHEREAs, Section 4410.4600, Subp. 12 provides for project thresholds that are exempt from the
EAW process, with the proposed Victoria Shores project not meeting paragraph B of said section,
and
WHEREAS, Section 4410.1100 provides for a petition process whereby any person may request
the preparation of an EAW on a project by filing a petition that contains the signature and mailing
addresses of at least 100 individuals who reside or own property in the state, and
WHEREAS, on May 11, 2021 the City received notice from the Environmental Quality Board
regarding the filing of a citizen’s petition for an EAW regarding a project known as Victoria Shores
and identifying the City of Roseville as the Responsibility Governmental Units (RGU); and
WHEREAS, on May 27, 2021 the City sent email notification to the EQB, EAW petitioner,
developer and property owner’s representative receipt of the petition request and the City’s intent
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and need to take an additional 15 days beyond the initial 15 days provided in Minnesota’s
Administrative Rules, Section 4410.1100, Subp.7, for the City Council to decide on the need for
an EAW; and
WHEREAS, Section 4410.1100, Subp. 6 states “The RGU shall order the preparation of an EAW
if the evidence presented by the petitioners, proposers, and other persons or otherwise known to
the RGU demonstrates that, because of the nature or location of the proposed project, the project
may have the potential for significant environmental effects. The RGU shall deny the petition if
the evidence presented fails to demonstrate the project may have the potential for significant
environmental effects”, and
WHEREAS, Section 4410.110, Subp. 6 states than when considering the evidence the RGU must
take into account the following factors listed in part 4410.1700, Subp. 7:
A.
type, extent, and reversibility of environmental effects;
B.
cumulative potential effects. The RGU shall consider the following factors:
whether the cumulative potential effect is significant; whether the contribution from
the project is significant when viewed in connection with other contributions to the
cumulative potential effect; the degree to which the project complies with approved
mitigation measures specifically designed to address the cumulative potential
effect; and the efforts of the proposer to minimize the contributions from the
project;
C.
the extent to which the environmental effects are subject to mitigation by ongoing
public regulatory authority. The RGU may rely only on mitigation measures that
are specific and that can be reasonably expected to effectively mitigate the
identified environmental impacts of the project; and
D.
the extent to which environmental effects can be anticipated and controlled as a
result of other available environmental studies undertaken by public agencies or the
project proposer, including other EISs, and
WHEREAS, on June 7, 2021, a public meeting was held of the City Council to review the petition,
supporting materials, materials drafted by City staff made a part of the public record through the
Request for Council Action dated June 7, 2021, and public testimony regarding the proposed
Victoria Shores project having the potential for significant environmental effects, and
NOW, THEREFORE, BE IT RESOLVED, that the City Council of the City of Roseville finds as
follows:
1. The citizen petition for an EAW is warranted/unwarranted based on the following
findings in support of this decision:
a.
The motion for the adoption of the foregoing resolution was duly seconded by Member
and upon a vote being taken thereon, the following voted in favor thereof:
,
,
, and Mayor
.

,
,
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and the following voted against the same:

.

WHEREUPON said resolution was declared duly passed and adopted.
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STATE OF MINNESOTA
COUNTY OF RAMSEY

)
) SS
)

I, the undersigned, being the duly qualified City Manager of the City of Roseville, County of
Ramsey, State of Minnesota, do hereby certify that I have carefully compared the attached and
foregoing extract of minutes of a regular meeting of said City Council held on the 7th day of,
June, 2021 with the original thereof on file in my office.
WITNESS MY HAND officially as such Manager this

day of

, 20

SEAL
___________________________________
Patrick J. Trudgeon, City Manager

ATTACHMENT B

Minnesota Environmental Quality Board
520 Lafayette Road North
Saint Paul, MN 55155

VIA E-MAIL (cover letter & petition)

May 11, 2021
City of Roseville
Thomas Paschke
City Planner
thomas.paschke@cityofroseville.com
RE:

Petition for an Environmental Assessment Worksheet for the proposed Victoria Shores project

Dear Mr. Paschke,
The Environmental Quality Board (EQB) has received a petition requesting that an Environmental
Assessment Worksheet (EAW) be prepared for the project described in the petition, and has determined
the City of Roseville is the appropriate governmental unit to decide the need for an EAW.
The requirements for environmental review, including the preparation of an EAW, can be found in
Minnesota Rules, chapter 4410. The procedures to be followed in making the EAW decision are set forth
in part 4410.1100. Key points in the procedures include:
1. No final governmental approvals may be given to the project named in the petition, nor may
construction on the project be started until the need for an EAW has been determined. Project
construction includes any activities which directly affect the environment, including preparation
of land. If the decision is to prepare an EAW, final governmental approval must be withheld until
either a negative declaration on the need for an Environmental Impact Statement (EIS) is issued
or an EIS is determined adequate. See part 4410.3100, subparts 1 and 2 for the prohibitions on
final governmental decisions.
2. To make the decision on the need for an EAW, compare the project to the mandatory EAW, EIS,
and exemption categories listed in parts 4410.4300, 4410.4400, and 4410.4600, respectively. If
the project should fall under any of these categories, environmental review is automatically
required or prohibited. If this should be the case, proceed accordingly:
a. If the project meets or exceeds the thresholds of any mandatory EAW or EIS category,
then environmental review is required for the project. Please see the guidance
documents on the EQB website for preparing an EAW or EIS.
b. If the project is exempt from environmental review, please document the reason for the
exemption in writing and notify both the petitioners’ representative and EQB of your
conclusion.
3. If preparation of an EAW is neither mandatory nor exempted, the City of Roseville has the
option to prepare a discretionary EAW in accordance with part 4410.1000, subpart 3, item B.
The standard for making the decision on the need for an EAW is provided in part 4410.1100,
subpart 6. When considering the evidence provided by the petitioners, proposers, or other
1
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persons, the City of Roseville must take into account the factors listed in part 4410.1700,
subpart 7. Note that this requires that a record of decision, including specific findings of fact, be
maintained.
4. You are allowed up to 30 working days (Saturdays, Sundays and holidays do not count) for your
decision if it will be made by a council, board, or other body which meets only periodically, or 15
working days if the decision will be made by a single individual. If the decision will be made by
an individual, the individual may request an additional 15 working days from the EQB in
accordance with part 4410.1100, subpart 7.
5. You must provide written notification of your decision to the proposer, the petitioners'
representative, and the EQB, within 5 working days as described in part 4410.1100, subpart 8.
Please provide written notification to these parties even in cases where an EAW or EIS will be
prepared according to part 4410.1000, subparts 2 or 3, or the project is found to be exempt
from environmental review.
a. To notify the EQB of your decision on the need for an EAW, complete the EQB Monitor
submission form found on the EQB website. The EQB requests that you upload a copy of
your record of decision using the same electronic submission form, including instances
where environmental review is mandatory, voluntary, or exempt.
6. If for any reason you are unable to act on the petition at this time (e.g., no application has yet
been filed or the application has been withdrawn or denied), the petition will remain in effect
for a period of one year, and must be acted upon prior to any final decision concerning the
project identified in the petition. It is recommended that you notify in writing both the
petitioners’ representative and the EQB if you are unable to act on the petition at the time it is
received.
Notice of the petition and its assignment to your unit of government will be published in the EQB
Monitor on May 18, 2021.
If you have any questions or need any assistance, please do not hesitate to contact us at
env.review@state.mn.us or 651-757-2873.
Sincerely,

Katrina Hapka
Katrina Hapka
Environmental Review Program Coordinator
Environmental Quality Board
cc: Andrew Walz, Petitioner’s Representative
Katie Pratt, EQB Executive Director
Denise Wilson, Director of Environmental Review Program
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Project Description
There is a proposed development on the south end of Lake Owasso, a lake which spans
Roseville and Shoreview, Minnesota. The 6.4 acre building site is on both sides of Victoria
Avenue, is privately owned and currently for sale for $1.3 million dollars. The acreage is heavily
forested and the shoreline here is part of a federally classified PEM1C wetland. The land is
zoned as residential, therefore a developer (Builders Lot Group, LLC) has plans to buy it,
contingent on being allowed to do this proposed building plan:
http://www.cityofroseville.com/AgendaCenter/ViewFile/Item/7690?fileID=47418
Builders Lot Group, LLC
9531 West 78th Street, Suite 135
Eden Prairie, Minnesota 55344
Contact Melvin Brown Moore
Melvin@BuildersLotGroup.com
651-336-8767

The plan is for 3 parcels to be divided into 8 lots with 5 homes to be built on the lake and 3
homes to be built with shared lake access. The proposed lots are irregular and hockey stick
shaped so that each of the 5 homes get their own lake access, their own dock, their own boats.
In order for people to access the lake, they have to traverse this wetland area. The homes
across the street will also cut into the wetland for their own shared access.
Roseville Planning Department has stated that EAWs are not required for residential projects
and thus one was not completed as part of this development plan. The request for preliminary
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plat passed at the last planning commission meeting 5-2 and their recommendation will be
voted on by the Roseville City Council in the near future.

Lake Owasso has public access on the north end of the lake. Also, Central Park North right near
this proposed development has lake public access via a canoe launch. Homes could be built
along Victoria Avenue without access to the wetland. Must 8 homes have private lake access at
the cost of wetland and wildlife that the rest of the city/county/state population can enjoy?
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Potential environmental effects due to the project
Introduction
The proposed “Victoria Shores” development causes many reasons for concern of potential
environmental effects. Wildlife displacement, wetland destruction, tree removal, flooding, and
water quality reduction resulting from construction of large homes, introduction of human activity
in the wetland and increased boat traffic are of paramount concern.
The proposed preliminary plat for this project was passed by the Roseville Planning
Commission on April 7 mainly because commissioners believed they had no choice. Roseville
has lacking, outdated shoreland and wetland protection policies so commissioners were
afraid they did not have legal reason to deny. Furthermore, the developer misled
commissioners regarding where the project was in terms of approvals from various granting
agencies such as the DNR and Ramsey Washington Metro Watershed District (RWMWD).
They had the project slated to come before the Roseville City Council on 4/26, well before
many permits had been granted and before the RWMWD board had a chance to read about
the proposal and discuss at their board meeting. The Roseville City Council has now delayed
hearing the project as did the RWMWD so at this time it is unclear who will hear the project
first.
The current project proposal does not yet meet the requirements for drainage and filtration
and the developer is now working with the RWMWD engineer on this. The process was going
to allow the developer to try to get Council approval of the plan before the granting
agencies would complete their work, to review the proposal and make the best possible
decisions regarding protection of public natural resources. In addition, the developer had
already chosen a builder and together had started to advertise these homes as “Victoria
Shores” and “5 homes to to be built on the lake and 3 with lake access" with a steep price tag

of $1.3 million dollars each--enticing people to buy these homes with the notion that they would
have a beach, docks and boats. Instead of embracing the wetland area and wildlife, the
developer is promising shoreline and promoting “Victoria Shores”. As the MN DNR states in its
shoreland management guide, “The natural vegetation gives you clues about the suitability of
your intended use.” If this development was advertised as homes abutting a wetland marsh, rich
in wildlife and vegetation, perhaps they would get the appropriate buyer who would respect the
watershed and wetland. As currently billed, it is a likely death sentence for the wetland.
Wildlife Impact
The quantity and shape of the proposed lake lots (i.e. lots that funnel down toward the lake) will
result in dramatic increase of docks, boats and other human activity in a concentrated area in
the densest part of the wetland and aquatic bed. This will impact wildlife. Lake Owasso is home
to one or two pairs of Common Loon each year. Some years they successfully rear young. They
nest in the wetland areas of the South End. As this Montana State University study has shown,
a significant negative relationship was shown between the number of loon chicks produced per
total nest attempt and the surface area disturbance ratio. This area is perhaps the last
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remaining locale on Lake Owasso for loon nests. For the many people that visit or reside
around Lake Owasso, it would be tragic if loon nests become vacated and the sound of our
state bird on Lake Owasso becomes a distant memory. Owasso loon nests pictured:

Per the US Fish and Wildlife service there are 9 Birds of Conservation Concern in this area, 6 of
which have breeding seasons in May-June-July. There are also two endangered species, the
Northern Long-eared bat and the Rusty Patched Bumble Bee, with habitat in this area.
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There is a Bald Eagle nest in one of the tallest trees at the South End. It is very common to see
eagles, egrets, herrons and waterfowl of all types fishing at this site. In the shoulder seasons we
see migratory birds of all types including trumpeter swans, mergansers, bitterns, white pelicans,
and even sandhill cranes. As human activity increases on the lake, will these birds still stop
here? What can we do to make sure this unique and increasingly rare metro wetland remains a
safe haven for birds on the move? Sandhill crane and trumpeter swans pictured on Owasso:
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Wetland Destruction
The proposed lots are shaped like hockey sticks in order to divide up a small amount of
lakefront with too many lots. If these lots were even somewhat regular (i.e. rectangular) shaped,
as Roseville’s Code recommends (but does not require), several would not even touch the lake.
The primary exterior boundary is Victoria Ave which is straight and regular therefore the
exceptions should not apply. This matters because there are many regulations such as weed
treatment and channel cutting that apply per lot. If this remains one lake lot then at most one 15’
foot boat channel can be cut and 100’ can be treated. But as drawn six 15’ channels could be
cut, and with only about 60 linear feet per lot at the water’s edge, this could mean over 20%
reduction of vegetation in the aquatic bed. Accepting these hockey stick shaped lots as drawn
will contribute to the demise of this wetland and aquatic bed. Reducing the number of lots,
designating the northern lots as lake view (not lakeshore with lake access), making them simple
shapes and/or removing lake access altogether is necessary if the wetland is to survive. See
what a before and after rendering might look like pictured below, or visit
https://owasso.help/map for an interactive map.

Even if the developer and builder say they understand this is a wetland and won't fill or build
upon it, we have seen that in time the homeowners do whatever they want with their property,
i.e. cutting down more trees, filling in their requisite rain gardens, dredging or using round-up on
the water lilies, fertilizer within 50 feet of the water, etc. The land is zoned as residential, but the
proposed lot shapes are irregular and break with precedent of rectangular shaped lots found on
the majority of the rest of the lake. The proposed 5 lots funnel down to the lake causing high
density of docks/human activity right in the thickest part of the wetland. While the watershed
does not consider a dock to have impact on a wetland or lake, their policy does not carefully
consider density like this. Even if there were only to be 1 motor boat per proposed new home,
this would mean a 400% increase in boat traffic over the boats of the 2 existing homes that
currently use this channel. In this very shallow part of the lake and heavily vegetated aquatic
bed, boat traffic could release sediment, phosphorus and nitrogen that the wetland retains. This
end of the lake is thick with vegetation, therefore it is typically enjoyed by paddlers, fisherpeople,
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no-wake watercraft and bird watchers. There are very few wetland areas like this left, especially
in the metro area--preserving it will benefit wildlife and people who recreate here responsibly for
generations.
Disturbance to native vegetation is also an invitation to invasive species. According to MN PCA,
wetlands that have experienced even moderate water alterations now have abundant invasive
plants growing in them—permanently replacing the native plant communities. Invasives
overwhelm wetlands if allowed to take hold, in turn changing wildlife habitat and the wetland's
ability to provide water quality benefits.

Tree Removal
In the proposed development plan it states that the "consulting forester continues to review the
tree preservation plan and he has recognized that many of the trees on the site are protected
from removal by virtue of being with existing wetland areas adjacent to the lake". This area of
Roseville has lost a lot of trees to development in recent years displacing wildlife and
overwhelming wetlands. When wetlands become overloaded they aren’t able to remove excess
sediment and nitrogen as they can when not impaired. As trees disappear, we lose habitat for
birds and mammals and find negative human and wildlife interactions rise as animals like deer
and coyotes seek new sources for food and refuge in peoples’ backyards. Trees drink a lot of
water and their absence means more storm water that must be managed especially as rain
events become more severe with climate change. Another issue is that local policy only dictates
what happens with trees within the boundary of the development and fails to consider a
neighboring lot which was illegally clearcut recently and never mitigated.

Flooding
Flooding is already a concern on Lake Owasso. We see rapid fluctuation in the lake level after
rain events and are acutely aware of homes and parks downstream in our watershed already
under water (see this recent story in Pioneer Press). Removal of all these trees and addition of
all this impervious surface is only going to exacerbate the flooding problem and reduce water
quality especially when you consider that this area is already compromised by neighboring
properties including:
1. New Perspectives Senior living to the south, which has excessive impervious surface
including rooftops and parking lots.
2. Parcel 022923420002 to the north where clear cutting by a previous owner very recently
has gone unmitigated.
3. 4 other large senior living complexes within several blocks, including three built in the
last couple years.
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Substantial building over many years has progressively overwhelmed the wetlands ability to
retain and filter stormwater in this part of the watershed.

Water Quality
Lake Owasso is already impaired for mercury and we need to do everything we can to prevent it
from becoming impaired for other reasons like sediment, road salt, phosphorous, nitrogen and
invasive species. A report by Barr Engineering report broke the region around Lake Owasso into
subwatersheds. One of the subwatersheds they labeled is called the West Drainage District
which includes this property. The west drainage district is 360 acres or about the same size as
Lake Owasso itself. There is perhaps but a small fraction of undeveloped land within that 360
acres West Drainage District. This property resides in a district that has a major impact on Lake
Owasso. The report states that 2007 and 2008 data collected would classify Lake Owasso as a
eutrophic lake--having waters rich in phosphates, nitrates, and organic nutrients that promote a
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proliferation of plant life, especially algae. The report states evidence of phosphorus loading
from the Central Park area and recommends further monitoring. Lake Owasso has a direct
connection to Lake Wabasso, Bennett Lake and Grass Lake. There are downstream effects of
more development.
The proposed infiltration basins do not appear functional as they are clustered on one end of the
project without the grade that would direct water there. It is unclear how much stormwater from
impervious surface will shed directly into the wetland and how docks and related destruction will
aid unfiltered stormwater to reach the lake. At this time the watershed has not approved the
developer’s plan for stormwater mitigation but they are working together to find a solution. It is
concerning that whatever plan they settle on still won’t be enough to avoid consequences to
water quality, especially when you consider the big picture.

Supporting Evidence
●

●

●

●

●

●
●

●

U.S. Fish & Wildlife Service IPaC Information for Planning and Consultation
This website allows you to upload a shapefile for the development site and spatially
understand what wildlife, birds, and endangered species might exist that need to be
accounted for.
USFWS Habitat Assessment Guidelines
This report, customized to project location, provides guidelines for reducing impact to
endangered species and birds of conservation concern that might be present.
The effects of human disturbance on common loon productivity in northwestern Montana
- Lynn Michelle Kelly - Montana State University
This detailed study draws connections between increases in human activity and
decreases in loon viability.
Human Impacts to Minnesota Wetlands - Carol Johnston - Center for Water and the
Environment
Report detailing wetland loss in Minnesota and how different human activities play a role
Phosphorus: Sources, Forms, Impact on Water Quality - MPCA
An overview of how excess phosphorous in freshwater becomes pollution that
encourages algae blooms and reduces water quality.
Water and Forests - MN Forest Resource Council
Resources explaining the role forests play in maintaining water quality.
Threats to MN Wetlands - MN PCA
Explanation of how critical wetlands are to watersheds and how alternations threaten
their existence and invite invasive species to take hold.
A Guide for Buying & Managing Shoreland. 1988. Minnesota Department of Natural
Resources, Division of Waters
Detailed guide to purchase and use shoreland property aimed at protecting and
managing shoreland resources in a sustainable manner.
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●

●

●

●

●

●

Protecting Our Waters, Shoreland Best Management Practices Fact Sheet #8:
Minimizing Runoff from Shoreland Property. 1998. University of Minnesota Extension
Service, St. Paul
Whitepaper that details shoreland BMPs and helps explain stormwater runoff and
mitigation practices.
Only 3% of land on Earth remains ecologically intact - Missoula Current
A short post that reminds how severe habitat loss is across our planet and how important
it is to preserve what little untouched wilderness area that remains.
Landscape factors influencing lake phosphorus concentrations across Minnesota - Cross
& Peterson MN DNR
Details on how landscaping shoreland areas impacts water quality
Detailed Assessment of Phosphorus Sources to Minnesota Watersheds - Atmospheric
Deposition: 2007 Update - MN PCA
Deeper dive into phosphorus, its sources and effects on Minnesota watersheds.
Barr Report - April 2009
A study specific to Lake Owasso with a number preliminary findings regarding pollution
and invasive species concerns and recommendations for monitoring and treatment.
Interactive Maps
○ Victoria Shores Site Rendering - helps to understand potential impact of this
development: https://owasso.help/map
○ RWMWD Interactive Map - allows exploration of Lake Owasso’s watershed:
https://rwmwd.maps.arcgis.com/apps/View/index.html?appid=ff21d6048c9d4d0d
818ab69d434ceee3&extent=-93.3523,44.8713,-92.7755,45.1005
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Melvin Brown Moore
Builders Lot Group, LLC
9531 West 78th Street, Suite 135
Eden Prairie, Minnesota 55344
melvin@builderslotgroup.com
May 7th, 2021
Dear Mr. Moore,
I wish to inform you and Builders Lot Group, LLC, the project proposer for the Victoria Shores
development on Lake Owasso, that an environmental review petition request has been
submitted to the Minnesota EQB. To date over 800 Minnesota residents have signed our petition
stating many reasons for concern of potential environmental effects. Wildlife displacement,
wetland destruction, tree removal, flooding, and water quality reduction resulting from
construction of eight homes, introduction of human activity in the wetland and increased boat
traffic are of paramount concern.
I know that your engineers have designed this project to comply with the city of Roseville zoning
ordinances and are working to comply with RWMWD and DNR requirements. Roseville does not
require an environmental assessment for residential development but we believe the truly
unique nature of this site warrants one, hence our request.
Sincerely,

Andrew Walz
Petitioner’s Representative
CC: Environmental Quality Board, 520 Lafayette Road North Saint Paul, MN 55155
(Env.Review@state.mn.us)
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Victoria Shores Petition Signatures as of 5/7/21
Name (First)

Name (Last)

Email

Address (Street Address)

Address (City)

Address (State / Province)
Address (ZIP / PostalPhone
Code)(Optional)

Consent (Text)

Natalie

Borgos

Nasautner@gmail.com

2884 W Owasso Blvd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jacob

Ankeny

jacobsankeny@gmail.com

3010 Sandy Hook Drive

Roseville

Minnesota

55113

Christopher

Martineau

cmartineau@jmlegal.com

3375 Chandler Road

Shoreview

Minnesota

55126

Jean

Pederson

jeanpederson@gmail.com

725 Heinel Dr

Roseville

Minnesota

55113

Margaret

Karger

margaretkarger@yahoo.com

3399 Kent St. #208

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Ann

Hermes

Annmhermes@yahoo.com

2750 Dale St. N. #47

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Michael

Hermes

Mikeandannhermes@edinarealty.com2750 Dale St. #47

Roseville

Minnesota

55213

Ann

Starr

annstarrinthesky@gmail.com

2986 West Owasso Blvd

Roseville

Minnesota

55113

Keith

Ketchmark

kketchmark@mnenduro.com

3456 Victoria St N

Shoreview

Minnesota

55126

Rob

Vanhout

Rob.vanhout@bestbuy.com

831 Heinel Drive

Roseville

Minnesota

55113

Kathi

Quinn

kathiquinn@rogers.com

9315 Jamestown st NE

Blaine

Minnesota

55449

(416) 706-1219

I agree to these terms and to the use of my electronic signature

Ken

Sherwood

ken@kensherwood.com

2839 Aglen Ave

Roseville

Minnesota

55113-2002

(651) 407-1704

I agree to these terms and to the use of my electronic signature

Steven

Steck

stecksteven@yahoo.com

2881 Kent St

Roseville

Minnesota

55113

(805) 390-7131

I agree to these terms and to the use of my electronic signature

Philip

Peterson

woodworkerphil@gmail.com

3195 Vivian Ave

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Susan

Strohschein

peteysue@comcast.net

3195 Vivian Ave.

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Jason

Nelson

jdn.mpls@gmail.com

3415 chandler road

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Tracy

Foley

Tracy1sc@aol.com

730 Amber Drive

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Yvonne

Shuda

wezky@hotmail.com

641 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Sarah

Belde

oman1975@hotmail.com

850 Sextant Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Darlene

Zappa

darlenezappa1@gmail.com

2690 Oxford St North

Roseville

Minnesota

55113

Katherine

Snavely

katsnavely@hotmail.com

624 Heinel Dr

Roseville

Minnesota

55113

Carla

Scholz

carscholz@comcast.net

2992 W Owasso

SAINT PAUL, MN 55113
Minnesota

55113

Debora

Quant

Debbie@quant.us

3370 Chandler Road

Shoreview

Minnesota

55126

Claudia

Vincze Turcean

Vincz003@umn.edu

2830 Aglen St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Sydney

Silko

sydsilko@gmail.com

234 E Owasso Ln

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Lisa

Turnquist

tomniet@comcast.net

996 Cottage Place

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Neil

Schnagl

nachnagl@live.com

557 S Owasso Blvd W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Joyce

Greenstein

jlg15@comcast.net

2995 Frattalone Lane

Little Canada

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Darrick

Proehl

dwproehl@gmail.com

3009 Holmes Ave S, Apt 508

Minneapolis

Minnesota

55408

I agree to these terms and to the use of my electronic signature

Connie

Meyer

cmeyer3206@yahoo.com

3206 West Owasso Blvd

Shoreview

Minnesota

55126-4138

I agree to these terms and to the use of my electronic signature

Kris

Betker

Kmbetker@gmail.com

4001 Ensign Ave N

Minneapolis

Minnesota

55427

Phillip

Laverdiere

Phillaverdiere@yahoo.com

440 West Horseshoe Drive

Shoreview

Minnesota

55126

(651) 308-2425

I agree to these terms and to the use of my electronic signature

Karen

Rudd

klrudd@comcast.net

619 Heinel Drive

Roseville

Minnesota

55113

(651) 235-3961

I agree to these terms and to the use of my electronic signature

Stephen

Rudd

scrudd@comcast.net

619 Heinel Dr

Roseville

Minnesota

55113

(651) 245-9784

I agree to these terms and to the use of my electronic signature

Steven

Aanenson

steve.aanenson@olddutchfoods.com 3314 Owasso Heights Road

Shoreview

Minnesota

55127

(612) 802-7249

I agree to these terms and to the use of my electronic signature

Kate

Graham

kate.z.graham@gmail.com

817 County Road B W.

Roseville

Minnesota

55113

(651) 387-3445

I agree to these terms and to the use of my electronic signature

Maureen

Murphy

m.r.murphy@att.net

122 Demont AV E #163

Little Canada

Minnesota

55117

David

Ross

rossdg107@gmail.com

3545 Owasso Street, Apt 205

Shoreview

Minnesota

55126

Sarina

Long

Sarinablong@gmail.com

2947 Victoria St N

Roseville

Minnesota

55113

(507) 380-0548

Signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 382-4542

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 343-4230

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 489-8474

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 483-3148

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 483-0226

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

1

ATTACHMENT C

Victoria Shores Petition Signatures as of 5/7/21
Caitlin

Maus

caitlin.maus@gmail.com

2074 Cohansey Blvd

Roseville

Minnesota

55113

Justin

Kroeger

Justin.c.kroeger@gmail.com

234 E Owasso Ln

Shoreview

Minnesota

55126

(612) 207-1521

I agree to these terms and to the use of my electronic signature

Christopher

Caesar

caesaroni@yahoo.com

242 16th Ave. NW

New Brighton

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Minoosh

Sherwood

minsherwood@hotmail.com

2839 Aglen Ave.

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Josh

Carroll

carroll.josh.m@gmail.com

455 S Owasso Blvd W

Roseville

Minnesota

55113

Stacey

Mazuelas

Staceymazuelas@gmail.com

3425 Chandler Rd

Shoreview

Minnesota

55126

(612) 817-9363

I agree to these terms and to the use of my electronic signature

Jose

Mazuelas Rogado

Jmazuelas@hotmail.com

3435 Chandler rd

Shoreview

Minnesota

55126

(651) 783-2229

I agree to these terms and to the use of my electronic signature

JOLANDA

WHATTON

jolanda2482@gmail.com

3065 Rice St

Roseville

Minnesota

55113

(651) 278-9686

I agree to these terms and to the use of my electronic signature

Diana

Magnuson

Dmagnuson4@gmail.com

2692 Victoria St N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Dan

Boerigter

boerigter@comcast.net

436 W Horseshoe Dr

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Lauren

Tran

mail.laurentran@gmail.com

333 South Owasso Blvd W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Dan

Irvine

irvidani29@yahoo.com

3016 Woodbridge St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Michael

Fairman

Mfairman21@gmail.com

3199 W Owasso Blvd

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Ann Marie

Connor

am-connor@att.net

1080 County Rd D West, Apt 24

Roseville

Minnesota

55126-3766

I agree to these terms and to the use of my electronic signature

Jaime

Willoughby

jbwerkme@gmail.com

3351 Emmert St

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Brett

Haugen

haugenbp@gmail.com

3349 Owasso Heights Rd

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Heather

Rasmussen

Hjrasmussen@mmm.com

3236 Owasso Heights Road

Shoreview

Minnesota

Maria

Vincze

maria.k.vincze@gmail.com

340 Stanbridge Circle

Roseville

Minnesota

55113

Erik

Rasmussen

Erasmussen74@gmail.com

3236 Owasso Heights Road

Shoreview

Minnesota

55126

(612) 816-4273

I agree to these terms and to the use of my electronic signature

Dana

Van Hout

danavhout831@gmail.com

831 Heinel Drive

Roseville

Minnesota

55113-2124

(612) 669-4407

I agree to these terms and to the use of my electronic signature

Guinevere

Ganzel

Guinevereganzel@gmail.com

2795 lakeside ct

Little Canada

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Mary

Reyes

mare1364@hotmail.com

2931 Hillsview West

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Liz

Hinz

liz.hinz356@gmail.com

3160 West Owasso Blvd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Tom

Molloy

henwop4@msn.com

746 Lovell Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

gloria

anderson

Andersongloria@gmail.com

2982 Farrington st

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Patrick

McBride

Pdrewm@hotmail.com

800 Heinel Drive

Roseville

Minnesota

55113

Cecilia

Warner

cawarner@iphouse.com

459 Centennial Dr

ROSEVILLE

Minnesota

55113

(651) 787-0985

I agree to these terms and to the use of my electronic signature

Ives

Wittman

ives.wittman@gmail.com

767 Heinel Dr

Roseville

Minnesota

55113

(612) 741-2152

I agree to these terms and to the use of my electronic signature

Tam

Quick

tkquick1@comcast.net

4460 Hamline Ave N

Arden Hills

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Nathan

Yueh

njyueh@me.com

2735 Hemlock Ln N

Plymouth

Minnesota

55441

I agree to these terms and to the use of my electronic signature

Kathy

Wilkolak

Kathy.Wilkolak@gmail.com

574 owasso hills drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Sheila

Williams Ridge

sheilas2nd@aol.com

801 Terrace Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Chelsea

Anderson

chels3.anders@gmail.com

605 Harriet Ave

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Sally

Karlen

dockarlen@comcast.net

693 Heinel Circle

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Susan

McMahon

susanmjmac@gmail.com

311 Burke Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Karyl & Joel

Hoeger

Karylkarolina@gmail.com

589 Redwood Lane

New Brighton

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Alexis

Varner

919420@isd624.org

3621 Edgerton St

Vadnais Heights

Minnesota

55127

I agree to these terms and to the use of my electronic signature

Victor

Stucynski

thestucynskis@aol.com

3140 Christopher Lane

Shoreview

Minnesota

551267

I agree to these terms and to the use of my electronic signature

Karen R

Fischer

krf2007@gmail.com

2049 Western Ave N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Stephen

Shuman

sshuma001@gmail.com

793 Millwood Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

(613) 741-5694

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Joseph

Held

joe@joeheld.com

3094 W Owasso Blvd

Roseville

Minnesota

55113

Kate

Linder

katelinder@comcast.net

631 Heinel Drive

Roseville

Minnesota

55113

Cheryl

Walden

Katladydu@hotmail.com

718 Wheelock Pkwy w

St paul

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Danica

White

Dncaia@live.com

2012 SE Como Ave

Minneapolis

Minnesota

55414

I agree to these terms and to the use of my electronic signature

Nick

Miller

Nmiller4575@juno.com

1151 Edgcumbe Road #1715

St Paul

Minnesota

55105

Molly

Angstman

mollyjaneangstman@gmail.com

1559 34th Avenue South

Moorhead

Minnesota

56560

(612) 715-4766

I agree to these terms and to the use of my electronic signature

Gary

Tjosaas

gtjosaas@hotmail.com

204 9 th st s

Moorhead

Minnesota

56560

(218) 433-0250

I agree to these terms and to the use of my electronic signature

Donald and Carol

Haslach

ddclhh@msn.com

468 Hilltop Ave

Roseville

Minnesota

55113

(612) 849-0855

I agree to these terms and to the use of my electronic signature

Jamie

Miller

mayme003@yahoo.com

1597 26th Ave NW

New Brighton

Minnesota

55112

Diane

Hilden

dianemhilden@gmail.com

466 Bayview Drive

Roseville

Minnesota

55113

(651) 488-3678

I agree to these terms and to the use of my electronic signature

Sara

Tjosaas

gtjosaas@hotmail.com

204 9TH ST S

MOORHEAD

Minnesota

56560

(701) 361-8947

I agree to these terms and to the use of my electronic signature

Kurt

Koppelman

kurt.koppelman@gmail.com

585 Heinel Dr

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Charlene

Benepe

Charlenebenepe@yahoo.com

370s mccarrons blvd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Amy

Lopez

alopez519@gmail.com

628 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Andrea

Horsman

andinore@yahoo.com

3020 Sandy Hook Dr

Roseville

Minnesota

55123

I agree to these terms and to the use of my electronic signature

Rhianna

Stave

rhiannastave@comcast.net

2053 Western Ave N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Michelle

Hochstatter

Michelleschussler@gmail.com

3713 Blackhawk Rd

Eagan

Minnesota

55122

I agree to these terms and to the use of my electronic signature

John

Hochstatter

johnhochstatter01@gmail.com

3713 Blackhawk Rd

Eagan

Minnesota

55122

Ronald

Johnson

rjohnson0327@centurylink.net

2210 Milton St N

Roseville

Minnesota

55113

Bonnie

Amundson

bonnie@theamundsons.com

618 N Owasso Blvd

Shoreview

Minnesota

55126

Matthew

Tjosaas

matthewtjosaas@gmail.com

375 S OWASSO BLVD W

SAINT PAUL

Minnesota

55113

Susan

Balfanz

susanbalfanz@yahoo.com

1945 Lakeaires Blvd

White Bear Lake

Minnesota

55110

Michael

Downes

mdownes23@yahoo.com

1859 Snelling Ave N

Falcon Heights

Minnesota

April

Bartoletti

aprilclaire@gmail.com

311 12th Ave NE

Minneapolis

Minnesota

55413

Roland

Wells

Roland@RolandWells.com

609 South Owasso Blvd W

Roseville

Minnesota

55113

(651) 483-6323

I agree to these terms and to the use of my electronic signature

Paul

Severson

paul.severson7@gmail.com

617 S Owasso Blvd W

ROSEVILLE

Minnesota

55113

(651) 481-3125

I agree to these terms and to the use of my electronic signature

Alyssa

George

alyssa.rm.george@gmail.com

6346 OTTER LAKE RD

SAINT PAUL

Minnesota

55110

I agree to these terms and to the use of my electronic signature

Mary Lou

Mohn

mleg20@juno.com

325 County Road C2 W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Sharon

Rumans

Minngo4s@yahoo.com

1209 Mary Washington St

Henrico

Virginia

23075

I agree to these terms and to the use of my electronic signature

Eileen

Hochstatter

Slp2@comcast.net

10 Windsor Court #311

New Brighton

Minnesota

55112

I agree to these terms and to the use of my electronic signature

James

Sorenson

jsorens2@gmail.com

4244 19th Ave S

Minneapolis

Minnesota

Mickie

Dent

dentmickie@gmail.com

3156 Hafner Ct

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

John

Bailey

jobailey@frontier.com

24075 Hickory Blvd.

Belle Plaine

Minnesota

56011

I agree to these terms and to the use of my electronic signature

Ryan

Murphy

rmurphy770@yahoo.com

2830 Aglen Street

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Meg

Donnelly

Meg.donnelly1@gmail.com

2041 Montreal Ave

St. Paul

Minnesota

55116

I agree to these terms and to the use of my electronic signature

Joyce

Bailey

jobailey@frontier.com

24075 Hickory Blvd.

Belle Plaine

Minnesota

56011

I agree to these terms and to the use of my electronic signature

Logan

Mitton

logan.mitton@gmail.com

311 Minneapolis

Minnesota

55413

I agree to these terms and to the use of my electronic signature

Justin

Scanlan

justinscanlan@cox.net

1418 West 26th street

Minneapolis

Minnesota

55405

I agree to these terms and to the use of my electronic signature

Jessica

Downes

downes.jessica@gmail.com

1859 Snelling Ave N

Falcon heights

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Cindy

Joyce

Cynjoy1@gmail.com

2466 Farrington Circle

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 484-2077

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 324-5107

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 751-0728

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Kaitlyn

Rolando

kmrolando@iCloud.com

2041 Montreal ave

St Paul

Minnesota

55116

I agree to these terms and to the use of my electronic signature

Jaclyn

Bailey

bailey.jaclyn@gmail.com

375 S Owasso Blvd W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Aubrey

Wilson

Aubreymariewilson@gmail.com

682 Shryer Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Randy

Calcote

calco001@umn.edu

1912 Ryan Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Josh

Kath

jkath33@gmail.com

3079 Sandy Hook Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Valerie

Kath

jvkath@gmail.com

3079 Sandy Hook Dr

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Tyanne

Voged

Vogest@yahoo.com

5201 3rd St Ne apt 304

Fridley

Minnesota

55421

I agree to these terms and to the use of my electronic signature

Lisa

Pallo

Lpallo@msn.com

736 ArbogastSt.

Shoreview

Minnesota

55126

Ella

Sneltjes

sneltjella@gmail.com

1054 Glen Paul Ct

SAINT PAUL

Minnesota

55126-8113

Jason

Nelson

Jdn.mpls@gmail.com

3415 Chandler Rd

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Michael

Iwerks

mikeiwerks@comcast.net

4285 Nancy Pl

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Andrea

Medina

Ajweiske@hotmail.com

6310 Able St NE

Fridley

Minnesota

55432

Jill

Roberts

skijill2@yahoo.com

3022 W Owasso Blvd

Roseville

Minnesota

55113

(612) 308-7153

I agree to these terms and to the use of my electronic signature

Liz

Jennings

lizjennings75@gmail.com

3280 WEST OWASSO BLVD

Shoreview

Minnesota

55126

(612) 386-1419

I agree to these terms and to the use of my electronic signature

Edward

Roberts

ejr87@yahoo.com

3022 W. Owasso Blvd

Roseville

Minnesota

55113

(612) 803-7182

I agree to these terms and to the use of my electronic signature

Ann

Bierscheid

abierscheid@hotmail.com

796 Millwood Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Gina

Schroepfer

schr0342@umn.edu

2830 Lakeview Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Dana

McDonough

Danatova12@gmail.com

3047 rice street

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Teresa

Miller

Tlemillerwrites@gmail.com

2883 Condit Street

Little Canada

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Gaby

Zappia

gabyzappia@me.com

645 Randy Ave

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Daniel

Borgos

dan.borgos@gmail.com

2884 W Owasso Blvd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Gwendolyn

Werdin

Gwendolyn.werdin@gmail.com

1740 Minnehaha Ave W.

Saint Paul

Minnesota

55104

Kathryn

Werdin

Kathryn.werdin@gmail.com

664 Terrace dr

Roseville

Minnesota

55113

john

eagle

johnheagle@gmail.com

3025 Highpointe Curve

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Justin

Hooper

Justin@ppfive.com

2435 victoria st n

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Michele

Edwardson

Shellye49@gmail.com

985 Lydia Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Maria

Nellessen

Mariagorham@hotmail.com

1381 Floral Drive West

Arden Hills

Minnesota

55112

Sean

Murphy

mrmsean24@gmail.com

3595 Owasso Street

Shoreview

Minnesota

55126

Mary

Kosel

kosel419@yahoo.com

419 Centennial Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Nan

Carlson

ncarlson5@hotmail.com

3088 Sandy Hook Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jon

Solberg

jon.solberg13@gmail.com

2619 Herschel street

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Minori

Carlsson

Minoricarlsson@gmail.com

5921 Ridge Creek Road

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Vincent

Garramone

vgarramone@gmail.com

933 Montana Ave W

Saint Paul

Minnesota

55117

Cody

Mehlhorn

codymeh@gmail.com

2585 Fry Street N

Roseville

Minnesota

55113

(651) 253-2443

I agree to these terms and to the use of my electronic signature

Luann

Landkamer

Rsvfamily5@gmail.com

2612 wheeler

Roseville

Minnesota

55113

(612) 247-6598

I agree to these terms and to the use of my electronic signature

Wanda

Schuler

wannie4yu@gmail.com

3935 Centerville Road

Vadnais Heights

Minnesota

55127

(612) 599-6489

I agree to these terms and to the use of my electronic signature

Kate

Walthour

Kateandmatt@mac.com

2140 Folwell Ave

Falcon Heights

Minnesota

55108

I agree to these terms and to the use of my electronic signature

Michelle

Ginther

Michellewiens@gmail.com

2434 Virginia Circle

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Sara

Madigan

S.madigan@sbcglobal.net

2200 Merrill St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Nick

Rudie

Nrudie@gmail.com

2604 Wheeler St. N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 245-5951

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(920) 277-3114

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(920) 716-8890

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Brian

Brezinka

Brez1761@gmail.com

3053 little bay rd

Roseville

Minnesota

55113

Laurie

Sinna

lauriesinna@yahoo.com

3116 VICTORIA ST NORTH

ROSEVILLE

Minnesota

55113-1936

Linda

Sinna

lindasinna@yahoo.com

3116 Victoria st N

Roseville

Minnesota

55113

Janet

Atz

janetatz@yahoo.com

1736 Alta Vista Dr.

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Steven

Foss

Stevfoss@aol.com

458 W Horseshoe Drive

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Courtney

John

ccmoriarty@gmail.com

2544 Beacon St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Chandra

Yueh

cyueh@me.com

2735 Hemlock Ln N

Plymouth

Minnesota

55441

I agree to these terms and to the use of my electronic signature

Karin

Carver

Kacr4291@gmail.com

5700 Knox

Minneapolis

Minnesota

55419

Louis

Bushard

lbushard@comcast.net

2967 Highcourte

Roseville

Minnesota

55113

Molly

OBrien

msosbc@gmail.com

1433 Rose Place

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Don

Greenheck

greenhecks@att.net

3333 Owasso Heights Road

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Twila

Greenheck

greenhecks@att.net

3333 Owasso Heights Road

Soreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Patty

Anderson

pscheids3@aol.com

9901 Washburn Ave

Bloomington

Minnesota

555318

Maureen

Bushard

mauramb@comcast.net

2967 Highcourte

Roseville

Minnesota

55113

Gary

Stanoch

Garystanoch@gmail.com

421 w county rd c

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Nick

Lindberg

slip0335@hotmail.cim

1274 ROSE PL

ROSEVILLE

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Karen

Satre

Karensatre99@gmail.com

532 Heinel Dr

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Michelle

Caron

michellecaron@comcast.net

1845 Moore Street

Falcon Heights

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Tina

Hagen

Tinahagen730@gmail.com

802 County Rd B2 W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Lisa

Olson

lisaolson86@gmail.com

2250 Midland Grove Rd #104

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jean

Nix

jean_nix@hotmail.com

108O County Road D West Apt 12

Roseville

Minnesota

55126

Carissa

Peterson

Carissa.Peterson@aol.com

833 county rd c w

Roseville

Minnesota

55113

Anne

Wentzel

aewentzel3@gmail.com

1717 Stanbridge

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Elizabeth

Wenzel

lizz.wenzel@gmail.com

4930 Gallivan Ct N

White Bear Lake

Minnesota

55110

I agree to these terms and to the use of my electronic signature

Sarah

Plumb

Sarahplumb.4@gmail.com

501 McCarrons Blvd S

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Samantha

Peterson

Samantha.peterson1@aol.com

833 County Road C W

Roseville

Minnesota

55113

Megan

Fitzpatrick

mfitzpatrick00@gmail.com

1011 Cottage Place

Shoreview

Minnesota

55126

Katie

Volkl

Klvolkl@yahoo.com

1009 Harriet Ave

Shoreview

Minnesota

55126

Holly

Rodin

rodi0016@umn.edu

2997 Chatsworth St N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Michelle

Morales

michellemm02@gmail.com

310 Brooks Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Andrew

Calkins

andrewcalkins@comcast.net

2997 Chatsworth St N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Barbara

Neilson

Barbara.neilson@comcast.net

3530 Harriet Avenue

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Laura

Brown

captainhats@gmail.com

3060 Avon St N

Roseville

Minnesota

55113

Carla

Johnson

theswede1952@hotmail.com

455 Southhill Drive

Roseville

Minnesota

55113

Dana

Logan

danaclogan@gmail.com

3015 W Owasso Blvd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Andrew

Buonaccorsi

andrew.buonaccorsi@gmail.com

583 Sextant Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Amy

Foley

alindfoley@gmail.com

583 Sextant Ave West

Roseville

Minnesota

55113

Joleen

Riendeau

joaamoth@outlook.com

2657 Marion St

Roseville

Minnesota

55113

Karin

Schultz

eekschultz@gmail.com

2744 Churchill St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Brian

Torkelson

Btorky@centurylink.net

3935 Highland Dr

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 484-6011

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(165) 134-0541

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 340-5411

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 285-3475

(612) 267-3169

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 528-7512

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 892-8063

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 340-7290

I agree to these terms and to the use of my electronic signature
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I agree to these terms and to the use of my electronic signature

Mary

Engelun

Mengelun@gmail.com

419 Highway 36

Roseville

Minnesota

55114

Anne

Thompson

Anneethompson@yahoo.com

1075 Hoyt Ave West

Saint Paul

Minnesota

55117

Kate

Errickson

Erricksonkate@gmail.com

394 E Horseshoe Dr

Shoreview

Minnesota

55126

(612) 242-7107

I agree to these terms and to the use of my electronic signature

Nikki

Bentley

thenikkibentley@gmail.com

337 Floral Dr. W

Shoreview

Minnesota

55126

(701) 261-2894

I agree to these terms and to the use of my electronic signature

Arnold

Erickson

denjer@iphouse.com

3301 Owasso Heights RD

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Norine

Lindberg

Mcflybye85@gmail.com

548 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Chris

Beltmann

cbeltmann@hotmail.com

2080 Farrington st

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Mike

Nellessen

nellessenmike@gmail.com

1381 floral drive west

Arden hills

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Tracy

Dunnwald

tracy.dunnwald@juno.com

1064 Lake Oaks Drive

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Mariam

Slayhi

mslayhi@gmail.com

3542 Lincoln St NE

Minneapolis

Minnesota

55418

I agree to these terms and to the use of my electronic signature

Felicia

Wolters

Fmaewolt@gmail.com

635 Adams St NE, Apt 2

Minneapolis

Minnesota

55413

David

Pitt

pittx001@umn.edu

987 Lydia Drive

Roseville

Minnesota

55113

(651) 788-2936

I agree to these terms and to the use of my electronic signature

Vicki

Cook

Vlcook75@gmail.com

3399 kent st #111

Shoreview

Minnesota

55126

(651) 270-9500

I agree to these terms and to the use of my electronic signature

William

Sanft

wsanft@yahoo.com

83 West Wheelock Parkway,

Saint Paul

Minnesota

55117

(612) 695-9131

I agree to these terms and to the use of my electronic signature

Maddie

Dziedzic

mdziedzic0503@gmail.com

2030 County Rd E, #303

New Brighton

Minnesota

55112

(708) 476-4082

I agree to these terms and to the use of my electronic signature

Mary

Johnson

tnljohnson@q.com

800 Martha Lake Court

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Heather

Sexton

Annameta@msn.com

1148 Oakcrest Avenue

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Anne

Ekbom

anb74@live.com

1834 Lake Street

Lauderdale

Minnesota

55113

Jennifer

Otto

ottojb@comcast.net

4261 Westview Dr

Shoreview

Minnesota

55126

(651) 452-0605

I agree to these terms and to the use of my electronic signature

Erika

Rustad

rustad.em@gmail.com

329 S Owasso Blvd W

Roseville

Minnesota

55113-2103

(651) 442-4007

I agree to these terms and to the use of my electronic signature

Kyle

Schmaltz

Schmaky1@gmail.com

883 Edgewater Avenue

Shoreview

Minnesota

55126

(612) 391-4554

I agree to these terms and to the use of my electronic signature

Adrienne

Rudie

Acannella7@gmail.com

2604 Wheeler Street North

Roseville

Minnesota

55113

Kate

Cook

Katejdowning@gmail.com

758 Idaho Ave w

Saint Paul

Minnesota

55117

Peggy

Wilson-Borchert

eggpee@comcast.net

1784 Dunlap St. N.

Roseville

Minnesota

55113

Maurine

McCort

Momo2004@comcast.net

1538 Chelsea Street

Saint Paul

Minnesota

55108

I agree to these terms and to the use of my electronic signature

Jill

Melhus

jillybean05@q.com

3399 Kent St

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Apryl

Lindeman

arpeterson2004@yahoo.com

577 Shryer Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Troy

Strong

t1strong@comcast.net

1314 Tiller Lane

Arden Hills

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Cathy

Croghan

crogh001@umn.edu

1961 Midland Hills Rd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Margaret

Cavanaugh

maggiecavanaugh@gmail.com

580 Lakeridge Drive

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Kristina

Varadi

Varadik@comcast.net

17615 26 th Ave n

Plymouth

Minnesota

55447

I agree to these terms and to the use of my electronic signature

Barbara

Ankrum

jbankrum@comcast.net

112 Primrose Ct

Vadnais Heights

Minnesota

55127

I agree to these terms and to the use of my electronic signature

PAULA

RUSTERHOLZ

paularusterholz@gmail.com

2787 Marion St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kyia

Downing

kyiadowning@gmail.com

1039 woodlynn ave

roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Katy

Tharaldson

Katytharaldson@hotmail.com

3320 Highcrest rd NE

St anthoby

Minnesota

55418

(651) 269-9909

I agree to these terms and to the use of my electronic signature

Lindsay

Lien

Lindsay.llien@gmail.com

12550 Europa Ave N

White Bear Lake

Minnesota

55110

(715) 821-7575

I agree to these terms and to the use of my electronic signature

Bryan

Wyberg

bryan.wyberg@juno.com

2458 Farrington Cir

Roseville

Minnesota

55113

(612) 849-1718

I agree to these terms and to the use of my electronic signature

Breanna

Tyrrel

Breannapatricia@gmail.com

3285 Owasso Heights Rd

Shoreview

Minnesota

55126

Keith

Carlson

keithecarls@gmail.com

3088 SANDY HOOK DR

ROSEVILLE

Minnesota

55113

Donna

Paulson

Donnakpaulson@gmail.com

2691 Marion Street

Roo

Minnesota

55113

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 341-5182

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 759-9442

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Bryan

Larson

bryanlarson.24@gmail.com

192 Minnesota Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Katheryn

Smith

Kkadsmith@msn.com

3190 Park Overlook Dr

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Silvia

Yueh

silviayueh@mac.com

2735 hemlock ln N

Plymouth

Minnesota

55441

I agree to these terms and to the use of my electronic signature

Kelsie

Miller

kelsieokeefe@gmail.com

410 McCarrons Blvd S

Roseville

Minnesota

55113

BENJAMIN

SEIM

benjaminseim@gmail.com

513 Heinel Drive

Roseville

Minnesota

55113

William

Kaufenberg

bill.kaufenberg@pulseelectric.net

522 Heinel Drive

Roseville

Minnesota

55113

Emily

Face

Thefaces81712@gmail.com

639 evergreen circle

Shoreview

Minnesota

55113

(651) 472-2191

I agree to these terms and to the use of my electronic signature

Barbara

Bishop

Bbishop@nac-hvac.com

2789 Aglen Avenue

Roseville

Minnesota

55113

(651) 230-7764

I agree to these terms and to the use of my electronic signature

Hallie

Finucane

hafinucane@gmail.com

2447 Chatsworth St N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Adam

Ridgeway

adamlridgeway@gmail.com

3098 Hamline Ave N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Bonnie

Grzeskowiak

b.grzeskowiak@comcast.net

33 South Deep Lake Road

North Oaks

Minnesota

55127

I agree to these terms and to the use of my electronic signature

Sara

Heisel

sarajoheisel@gmail.com

2787 Western Ave N

Roseville

Minnesota

55113

Donnell

Lee

donnellmarielee@gmail.com

2569 Cohansey Street,

Roseville

Minnesota

55113

(651) 894-3622

I agree to these terms and to the use of my electronic signature

Jenica

Domanico

Jenica.e.domanico@gmail.com

3499 Nancy place

Shoreview

Minnesota

55126

(612) 205-4340

I agree to these terms and to the use of my electronic signature

Caleb

Hansen

alverez98@hotmail.com

185 Edgewater Ave

Shoreview

Minnesota

55126-3029

I agree to these terms and to the use of my electronic signature

Vincent

Trovato

VTrovato@SMUMN.edu

2250 Victoria St N, Apt 226

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Tina

Hansen

teenhansen@hotmail.com

185 Edgewater Avenue

Shoreview

Minnesota

55126

Catherine

Foss

Cathyfoss123@aol.com

458 W Horseshoe Drive

Shoreview

Minnesota

55126

Doug

Pooley

drpooley69@hotmail.com

2889 Simpson Street

Roseville

Minnesota

55113

Clare

Henderson

Rodr0145@umn.edu

485 W Shore Court

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Julie

Weilbacher

juliesparks22@gmail.com

2619 Suzanne Cir

Saint Paul

Minnesota

55110

I agree to these terms and to the use of my electronic signature

Sherri

Varsho

Sbvarsho@aol.com

218 N Owasso Blvd

Shoreview

Minnesota

55126

Marc

Olivier

molivier1.geo@yahoo.com

845 County B Road West

Roseville

Minnesota

55113

Kristine

Simonson

straight_haired_curly@yahoo.com

3061 Rice St

Roseville

Minnesota

55113

Kelly

Schwagerl

kjkloth@gmail.com

1011 Roselawn Ave W

Roseville

Minnesota

55113

Sharon

Torkelson

schmi.torkelson@gmail.com

3925 Highland Dr

Shoreview

Minnesota

55126

Sean

Emery

seanemery2@mac.com

302 S. McCarrons Blvd.

Roseville

Minnesota

55113

(651) 487-0404

I agree to these terms and to the use of my electronic signature

Debby

McCann

debbymamccann@gmail.com

2346 Auerbach ave.

Roseville

Minnesota

55113

(651) 260-3393

I agree to these terms and to the use of my electronic signature

Anne

Hibbard

annehibb@gmail.com

882 19th Ave. SE

Minneapolis

Minnesota

55414

Vatsala

Menon

vatchimenon@gmail.com

3489 Milton st

Shoreview

Minnesota

55126

Theresa

Malone

theresalmalone@mail.com

3223 West Owasso Blvd

Shoreview

Minnesota

55126

Carol

Nytroe

carolhalfmann@hotmail.com

814 Arbogast

Shoreview

Minnesota

Sara

Mlenar

Saralindsy4@gmail.com

46 little circle drive

Little Canada

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Heidi

Wynkoop

Hmwynkoop@hotmail.com

8624 Brant St Ne

Circle Pines

Minnesota

55014

I agree to these terms and to the use of my electronic signature

Edward

Zoerb

tezoerb@outlook.com

3170 Sandy Hook Dr

Roseville

Minnesota

55113

(651) 484-7481

I agree to these terms and to the use of my electronic signature

Ann

Severson

annseverson@msn.com

617 S Owasso Blvd W

Roseville

Minnesota

55113

(651) 481-3125

I agree to these terms and to the use of my electronic signature

Carolyn

Ganz

Imcarolyn@comcast.net

675 Roma Ave

Roseville

Minnesota

55113

Marketa

Eagle

marketaeagle@gmail.com

3025 Highpointe Curve

Roseville

Minnesota

55113

(714) 917-7592

I agree to these terms and to the use of my electronic signature

Janet

Risinger

janet.ruth@comcast.net

1797 Shryer Ave. West

Roseville

Minnesota

55113

(651) 636-3197

I agree to these terms and to the use of my electronic signature

Jacob

Chatterton

jchatt@gmail.com

443 Brooks Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature
(651) 202-8274

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

(651) 489-4344

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 208-7007

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 488-0722

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 888-1924

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 731-9260

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Birdie

Carter

bhixcarter@gmail.com

1957 Larpenteur Ave W

Falcon Hgts

Minnesota

Megan

Welty

Megan.ihlenfeld@gmail.com

4415 Robin Ave N

Robbinsdale

Minnesota

55113

(612) 321-1780

I agree to these terms and to the use of my electronic signature

(507) 456-2164

MICHELLE

Egan

visaclient@gmail.com

623 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

(612) 240-5101

JULIE

YARRINGTON

julie.yarrington@gmail.com

5885 Stephen Cir

Saint Paul

Minnesota

55126

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

Jermaine

Matthews

Jermainematthews1970@yahoo.com 832 Lovell Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Amy

Toth

Amcktoth@gmail.com

2780 Marion St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jenna

Bluhm

Jbeezer6@gmail.com

3285 Owasso Heights Rd

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Mary

Sorensen

sorensenmarya@msn.com

627 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Wayne

Griesel

gries004@msn.com

1021 Larpenteur Ave. W., Unit 334E

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Elizabeth

Dilworth

elizabeth.dilworth@gmail.com

5601 Donegal Drive

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Patricia

Truninger

pltruninger@msn.com

2906 Matilda Street

Roseville

Minnesota

55113

Nancy

Coyle Strahan

coyle008@umn.edu

3288 1/2 owasso heights drive

Shoreview

Minnesota

55126

Melissa

Walker

Melissaw2232@comcast.net

3085 Farrington Court

Roseville

Minnesota

55113

Amber

Schletty

amber.schletty@gmail.com

2460 Morrison Street

Little Canada

Minnesota

55117

Scott

Olson

scottyolson@gmail.com

554 Suzanne Ave

Shoreview

Minnesota

55126

Glenn

Thomas

9304shaver@gmail.com

506-5 Lovell Ave.

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Susan

Modrow

Smmodrow@yahoo.com

219 Grand Ave

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Alison

Chandler

Alisonrchandler@gmail.com

1870 oxford st n

Roseville

Minnesota

55113

David

Blomquist

qwist04@gmail.com

224 3rd Ave. NE

Minneapolis

Minnesota

55413

Christie

Matts

cwmatts@gmail.com

554 Suzanne Ave

Shoreview

Minnesota

55136

renee

pardello

pard0017@umn.edu

382 McCarrons Blvd No

Roseville

Minnesota

55113

Kathryn

Lambert

kathylambert@comcat.net

800 Brenner Avenue

Roseville

Minnesota

55113

Cari

Gelle

carigelle@gmail.com

777 Lovell Avenue

Roseville

Minnesota

55113

(651) 253-1113

I agree to these terms and to the use of my electronic signature

Kathleen

Tunseth

ktunseth@gmail.com

797 Sextant Avenue

Roseville

Minnesota

55113

(651) 481-7903

I agree to these terms and to the use of my electronic signature

Wanda

Davies

davies767@gmail.com

767 Heinel Dr

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Laurel

Pass

laurelpass@gmail.com

8821 61 1/2 Ave N

New Hope

Minnesota

55428

I agree to these terms and to the use of my electronic signature

Heidi

SNELTJES

Hcsneltjes@msn.com

1054 Glen Paul Ct

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Katy

Husby

Katy.husby@gmail.com

2824 Aglen St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jeanne

Leppicello

Jleppicello@gmail.com

13393 26th St N

Stillwater

Minnesota

55082

Gretchen

Zigman

Gzigman@comcast.net

8451 Zanzibar Ln N

Maple Grove

Minnesota

55311

Kristin

Youngquist

Yquist@msn.com

391 South Owasso Blvd W

Roseville

Minnesota

55113

Craig

Christenson

craigpc1@usfamily.net

2585 Wheeler St N

Roseville

Minnesota

55113

Kathy & Michael

Latuff

Kathyl319@hotmail.com

2985 Highpointe Curve

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Mary Kay

VonDeLinde

smkvdl@icloud.com

524 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Anna

Zbacnik

alzbacnik@hotmail.com

1808 Asbury St

Falcon Heights

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Gerald

Larson

72gs455@comcast.net

639 terrace drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Mary

Dutdall

3old42wheels@comcast.net

2457 Western Avez

Rosevillr

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Mary

Lundblad

mlundblad@comcast.net

2805 60th Street E

Inver Grove Heights Minnesota

55076

I agree to these terms and to the use of my electronic signature

Barbara

Wedll

springcove@hotmail.com

10 OAK RIDGE TRL

CIRCLE PINES

Minnesota

55014-1757

Mason

Tacke

masonwtacke@gmail.com

636 Grand Ave

SAINT PAUL

Minnesota

55105

I agree to these terms and to the use of my electronic signature
(641) 247-8857

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 587-7830

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 805-9666

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 816-0878

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 210-2789

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 636-9381

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(701) 526-6689

I agree to these terms and to the use of my electronic signature
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Margaret

Landby

Mlandby@hotmail.com

4449 Hodgson Road

Shoreview

Minnesota

55136

I agree to these terms and to the use of my electronic signature

Abigail

Stone

Abigail.L.Stone@gmail.com

1088 Churchill Place

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Olivia

Munson

omviolin@nycap.rr.com

425 6th Ave S

Saint Cloud

Minnesota

56301

I agree to these terms and to the use of my electronic signature

Kelsey

Curran

khertel@gmail.com

668 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Adam

Krinsky

adamkrinsky@gmail.com

2733 10th Ave South

Minneapolis

Minnesota

55407

I agree to these terms and to the use of my electronic signature

A.J.

Zielike

A.J.Thompson6@gmail.com

3092 Oxford St N

Roseville

Minnesota

55113

Richard

white

John21three@gmail.com

440 harriet ave

Shoreview

Minnesota

55126

(651) 503-7386

I agree to these terms and to the use of my electronic signature

Jason

Robinson

saveowasso9@magiclamp.net

2785 LEXINGTON AVE N, APT A

Roseville

Minnesota

55113

(651) 237-9922

I agree to these terms and to the use of my electronic signature

Paul

Wiltse

Powiltse@gmail.com

661 Lovell Ave

Roseville

Minnesota

55113

(651) 283-6857

I agree to these terms and to the use of my electronic signature

Peggy

Wiltse

pegwiltse@gmail.com

661 Lovell Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Susan

Churchill

susanchurchill@comcast.net

570 Sandhurst Drive W., #221

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kari

Helminen

helminen.ka@gmail.com

4271 Hodgson Rd, Shoreview, MN 55126
Shoreview

Minnesota

55126

Diana

Ingraham

samingraham@comcast.net

2515 West 52nd Street

Minneapolis

Minnesota

55410

Erik

Goddard

9ghi987@f-m.fm

2801 Galtier St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Anna

Howard

Annieannafaye@gmail.com

4251 state 6 NE

Remer

Minnesota

56672

I agree to these terms and to the use of my electronic signature

Glenda

Pooley

treblegp@hotmail.com

2889 Simpson Street

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Alyson

Brinker

alysonbrinker@gmail.com

904 Connor Court

Maplewood

Minnesota

55109

I agree to these terms and to the use of my electronic signature

Carrie

Sayre

sayre1@stolaf.edu

10900 Jackson Dr

Eden Prairie

Minnesota

55347

I agree to these terms and to the use of my electronic signature

Isabel

Istephanous

izzyistephanous@gmail.com

812 Millwood Avee

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Naira

Istephanous

n.istephanous@comcast.net

812 Millwood Avenue

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Priscilla

Neel

pdpesola@gmail.com

4060 Mackubin St.

Shoreview

Minnesota

55126

Julian

Bailey

jmbailey1122@gmail.com

787 County Road B2 West

Roseville

Minnesota

55113

Cathy

Bauer Schuett

carpediem7@gmail.com

3469 Harriet Court

Shoreview

Minnesota

55126

Alisha

Hollman

alishahollman@gmail.com

824, sandhurst drive

Roseville

Minnesota

55113

(651) 675-9894

I agree to these terms and to the use of my electronic signature

Jessica

Kubis

rubixkube17@gmail.com

1081 Lovell Lane S.

Saint Paul

Minnesota

55113

(612) 964-3786

I agree to these terms and to the use of my electronic signature

Sarah

Montgomery

smontgomery75@gmail.com

965 Transit Ave

Roseville

Minnesota

55113

(612) 396-3363

I agree to these terms and to the use of my electronic signature

Susan

Allard

allar025@umn.edu

309 County Road C2 W

Saint Paul

Minnesota

55113

(999) 999-9999

I agree to these terms and to the use of my electronic signature

Leslie

Martin

Lesliemartinpr@gmail.com

823 Ct

Mendota Heights

Minnesota

55120

I agree to these terms and to the use of my electronic signature

Jake

Pennig

penn0091@yahoo.com

2805 Churchill street

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Ben

Rouda

ben.rouda@gmail.com

946 lydia drive

Roseville

Minnesota

55113

Jessica

Anderson

jessicaanderson42@gmail.com

912 Brenner Ave

Roseville

Minnesota

55113

Julie

Kiernan

jqkiernan@gmail.com

798 Millwood Ave.

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Julie

Noren

julie.noren@gmail.com

2733 10th Ave S

Minneapolis

Minnesota

55407

I agree to these terms and to the use of my electronic signature

Claire

Dawson

claireelysedawson@gmail.com

1440 Woodlynn Avenue

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Debbie

Frigaard

Chammybabie@yahoo.com

579 Iona Lane

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Christine

Podobinski

Chrispodobinski@hotmail.com

3441 Vivian Ave.

Shoreview

Minnesota

55126

Laura

Noren

laura.noren@gmail.com

1135 Summit Avenue

Saint Paul

Minnesota

55105

(646) 302-2152

I agree to these terms and to the use of my electronic signature

Peter

Rhode

psrhode@stthomas.edu

3161 Sandy Hook Dr

Roseville

Minnesota

55113

(651) 484-3547

I agree to these terms and to the use of my electronic signature

John

Lutter

johnlutter@gmail.com

818 millwood ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Deborah

Archambeault

Djarchambeault@gmail.com

331 Burke Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 222-7271

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(361) 688-8227

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 357-8890

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

9

ATTACHMENT C

Victoria Shores Petition Signatures as of 5/7/21
Evelyn

Joyal

evelynjoyal@gmail.com

460 vadnais lake drive

vadnais heights

Minnesota

55127

(651) 765-2899

I agree to these terms and to the use of my electronic signature

Tom

Joyal

tomjoyal@mac.com

460 Vadnais Lake Drive

Vadnais Heights

Minnesota

55127

(651) 765-2899

I agree to these terms and to the use of my electronic signature

Douglas

Tani

dgtani@hotmail.com

809 Millwood Avenue

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Susan

Bower

Sbdonate@comcast.net

1233 County Road B West

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Donna

Spannaus-Martin

donna.spannaus.martin@gmail.com 299 Grandview Ave. W.

Roseville

Minnesota

55113

Ione

Brown

brown073@umn.edu

3060 AVON ST N

ROSEVILLE

Minnesota

55113

John

ODonnell

jono55113@comcast.net

1043 Lovell Lane S

Roseville

Minnesota

55113

Tom

Foley

tomfoley@comcast.net

P. O. Box 270306

St. Paul

Minnesota

55127

Anne

Busch

Anne.m.busch@gmail.com

941 Roselawn Ave W

Roseville

Minnesota

55113

Linnea

Tani

linneat.54@gmail.com

809 Millwood Avenue

Roseville

Minnesota

55113

Melissa

Mendoza

Melissammendoza143@yahoo.com 4201 Drew Ave N

Robbinsdale

Minnesota

55422

(763) 248-4650

I agree to these terms and to the use of my electronic signature

mary

Englund

marye@amidongraphics.com

224 N McCarrons Blvd

SAINT PAUL

Minnesota

55113

(651) 261-8357

I agree to these terms and to the use of my electronic signature

John

Simpson

Jmsimpson51@gmail.com

3083 Mount Ridge road

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Janet

Asmus

Jan_asmus@hotmail.com

45609 186th street

Morris

Minnesota

56267

I agree to these terms and to the use of my electronic signature

Nancy

Simpson

nsimpson51@gmail.com

3083 Mount Ridge Rd

Roseville

Minnesota

55113

Diane

Hilden

dianemhilden@gmail.com

466 Bayview Drive

Roseville

Minnesota

55113

david

noren

davenoren@gmail.com

4525 47th Av S

Mpls.

Minnesota

55406

I agree to these terms and to the use of my electronic signature

Brendan

Duffy

Brendanphilipduffy@gmail.com

4345 Nancy Place

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Steven

Sanders

sande017@gmail.com

1319 Ingerson Rd

Arden Hills

Minnesota

55112

Michael

Walz

michaeljwalz@gmail.com

389 S. Owasso Blvd. West

Roseville

Minnesota

55113

Kurt

Bachmayer

kurt.bachmayer@gmail.com

3045 Patton Rd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Ashlee

Griffin

ashlee.m.griffin@gmail.com

8441 N Meadow Lake Rd

New Hope

Minnesota

55428

I agree to these terms and to the use of my electronic signature

Lori

Sandel

malibugirls3@gmail.com

825 heinel drive

roseville

Minnesota

55113

Kitty

Gogins

kgogins@mindspring.com

806 Millwood Ave

Roseville

Minnesota

55113

Liz

Semler

semle006@umn.edu

2416 32nd Ave S

Minneapolis

Minnesota

55406

I agree to these terms and to the use of my electronic signature

Andrew

Montain

Sun.Collecting.Sponge@gmail.com

286 S Mccarrons blvd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Linnea

Goderstad

linneagoderstad@gmail.com

224 3rd Ave NE

Minneapolis

Minnesota

55413

I agree to these terms and to the use of my electronic signature

Andrea

Pokorney

Pokorney.andrea@gmail.com

1805 Pierce St Ne

Minneapolis

Minnesota

55418

I agree to these terms and to the use of my electronic signature

Mary

Wagers

marywagers@yahoo.com

2787 Dellwood Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Catherine

Kray

cathy.kray@gmail.com

514 RESERVOIR WOODS CIR

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Swapna

Konidena

swapnakonidena@gmail.com

2309 Auerbach St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Nikki

Knopik

nicoleknopik@yahoo.com

20 6th Street NW Apt. 218

Osseo

Minnesota

55369

I agree to these terms and to the use of my electronic signature

Debra

Gunnes

cvam2652@hotmail.com

540 Shryer Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Karla

Dorr

Khdorr@gmail.com

4000 93rd Ave N

Brooklyn Park

Minnesota

55443

I agree to these terms and to the use of my electronic signature

Cheryl

Hernandez

Chernandez14@comcast.net

2360 Cohansey

Roseville

Minnesota

55113

Constance

Comford

millie1jc@gmail.com

3000 Little Bay Rd.

Roseville

Minnesota

55113

Hannah

Fairman

Novasgirl@gmail.com

3199 W Owasso Blvd

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Sarah

Rosales

Sfjrosales@gmail.com

658 Belmont Lane

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jamie

Hanford

jamie.hanford@gmail.com

1225 Wyncrest Court

Arden Hills

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Katie

Lane

katieylane@gmail.com

3455 Dale St. N

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(561) 484-9512

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 484-8864

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 488-3678

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(218) 820-1556

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 619-3500

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 307-6853

I agree to these terms and to the use of my electronic signature
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Janet

Berryhill

Jberryhi@gmail.com

2673 western ave n

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Sherry

Gwegorryn

Argwynt@gmail.com

1447 Rose Place

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Katie

Korsman

Kzappa3@yahoo.com

8480 Groveland Rd

Mounds View

Minnesota

55112

Darren

Ginther

Gint0036@umn.edu

2434 Virginia circle

Roseville

Minnesota

55113

Miriam

Figueroa

miriam.e.figueroa@gmail.com

1044 Lovell Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Wendy

Radermacher

W.rader.81@gmail.com

2818 Lakeview Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Cera

McDonald

triceratopsc@gmail.com

767 Montana Ave W

At. Paul

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Amy

McPartlin

Amymcpartlin@gmail.com

954 w county road B2

Roseville

Minnesota

55113

Trevor

McDonald

tmcdon890@gmail.com

3032 Sandy Hook Dr

roseville

Minnesota

55113

Denise

Dian

ddmsdian2@gmail.com

1860 Alta Vista Dr

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Charlotte

Ogdahl

tamlogtool@msn.com

7370 Park View Terrace

Mounds View

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Brian

Ogdahl

tamlogtool@msn.com

7370 Park View Terrace

Mounds View

Minnesota

55112

Kjersti

Nilssen

shadykats@comcast.net

2011 Cohansey Blvd

Saint Paul

Minnesota

55113-6607

Pat

Cotter

Patcotter@icloud.com

477 co rd c w

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kyle

Bachmayer

kylebachmayer@gmail.com

3453 South 31st Avenue

Minneapolis

Minnesota

55406

I agree to these terms and to the use of my electronic signature

Tracu

Roubik

Tranhig@aol.com

8012 50th Street

Lake Elmo

Minnesota

55042

I agree to these terms and to the use of my electronic signature

Brian

Mulhern

Briancundefined@gmail.com

645 SKILLMAN ave w

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Amanda

Gilbert

agilber@umn.edu

645 SKILLMAN ave w

Roseville

Minnesota

55113

Susan

Triebenbach

sue9966@gmail.com

185 Skillman Ave W

Roseville

Minnesota

55113

Jeffrey

Glomb

pandj1@inbox.com

278 N McCarrons Blvd

Roseville

Minnesota

55113

Phyllis

Marsili

pandj1@inbox.com

278 McCarrons Blvd N

Roseville

Minnesota

55113

(651) 487-3513

I agree to these terms and to the use of my electronic signature

Maxwell

Beck

maxwell.a.beck@gmail.com

790 Millwood Avenue

Roseville

Minnesota

55113

(612) 718-7585

I agree to these terms and to the use of my electronic signature

Lauren

Miller

Oconnorlaurenm@gmail.com

1413 Brooks Ave w

Roseville

Minnesota

55113

Gina

Labey

gmlabey@aol.com

808 Terrace Dr

Roseville

Minnesota

55113

Emily

Metcalf

Emilymetcalf@yahoo.com

2976 Galtier st

Roseville

Minnesota

55113

Peter

Kiernan

pekiernan47@gmail.com

798 Millwood Ave.

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Troy

Sabean

troyasabean@gmail.com

2479 Oxford Street

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Makayla

Briggs

briggsmak27@gmail.com

256 North Owasso Blvd

Shoreview

Minnesota

55126

Deirdre

Opp

deirdreopp@gmail.com

998 Arbogast Street

Shoreview

Minnesota

55126

Avery

Nelson

Avery.h.nelson@gmail.com

845 Burke ct

Maplewood

Minnesota

55109

Leslie

Scherer

Leslie.scherer14@gmail.com

1000 cobb road

Shoreview

Minnesota

55126

Kathleen

Baumbach

Katejane66@hotmail.com

240 15th Ave nw

New Brighton

Minnesota

55112

Autumn

Patterson

apatte@gmail.com

2721 Galtier Street

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Brent

Cummins

cumminsbe@yahoo.com

286 McCarrons Blvd N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Ellen

Cummins

ecummins25@gmail.com

286 McCarrons Blvd N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Susan

Wolf

Wolfs4491@gmail.com

950 Shryer Ave W

Roseville

Minnesota

55113

Michelle

Briggs

Shel.4@hotmail.com

256 n owasso Blvd

Shoreview

Minnesota

55126

Adam

Bledsoe

adamblds@gmail.com

482 Woodhill Dr.

Roseville

Minnesota

55113

Lisa

Dalke

ljdalke@aol.com

3045 Patton Rd

Roseville

Minnesota

55113

Heather

Farrar

heather.t.farrar@gmail.com

1168 Roselawn Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature
(612) 751-1565

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 231-6714

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 230-1321

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 788-9343

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 295-6697

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(952) 212-5826

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 329-8160

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 263-3368

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 805-6522

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Jeanne

Anderson

js-a@comcast.net

822 Millwood Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Nancy

Zwiefelhofer

Nzwief24@gmail.com

3309 117th Lane NE

Blaine

Minnesota

55449

I agree to these terms and to the use of my electronic signature

Summer

Anderson

Summerthoren@gmail.com

23078 469th Ave

Morris

Minnesota

56267

I agree to these terms and to the use of my electronic signature

Jen

C

Jennmike.2013@gmail.com

969 Orange ave

Saint paul

Minnesota

55106

Linda

Peterson

Sandcpeterson@gmail.com

833 County Road C W

Roseville

Minnesota

55113

Marjory

McPartlin

margemcp@hotmail.com

1893 Wagener Pl

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Danielle

Hernandez

deeamahernandez@gmail.com

1425 Hampshire Avenue S #216

St. Louis Park

Minnesota

55426

I agree to these terms and to the use of my electronic signature

Joan

Vanderpool

jkvanderpool@gmail.com

460 Centennial Drive

Roseville

Minnesota

55113

Jessica

Hammond

Jessicanielsen21@gmail.com

815 rose place

Roseville

Minnesota

55113

Anna

Carlson

Anchcarl@yahoo.com

9491 Dunlap Ave

Circle Pines

Minnesota

55014

I agree to these terms and to the use of my electronic signature

Heather

Wang

wangscribe@gmail.com

1758 Alta Vista Dr

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Constance

Gruen

cgruen50@gmail.com

2680 Oxford St N #128

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Julie

Monson

monsonjuile@gmail.com

1320 Heritage Dr # 173

Northfield

Minnesota

55057

I agree to these terms and to the use of my electronic signature

Megan

Schlotfeldt

Mschlotfeldt37@yahoo.com

503 Glenwood Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jean

Engels

jme66day@gmail.com

836 Brenner Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Margaret

Makowske

madgemako@gmail.com

836 Brenner Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Gina

Petschauer

gummynarf06@gmail.com

2460 Cohansey St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Margaret

Tillery

peacetoall111@comcast.net

947 Transit Ave.

Roseville

Minnesota

55113

Janet

Monson

monsonjanet@gmail.com

30600 sciota trail e

Randolph

Minnesota

55065

Kristen

Donaldson

kkeran@me.com

2597 Fisk St

Roseville

Minnesota

55113

Deborah

Drazek

djdrazec@msn.com

182 Big Circle Drive

Saint Paul

Minnesota

55117

Brad

Bagley

bdbagley@hotmail.com

5976 Saint Albans Street N

SAINT PAUL

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Katherine

Noffke

katenoffke@gmail.com

797 Lakeview Ave

St Paul

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Claudia

Chastain

saynotopants@aol.com

752 West Street

Valparaiso

Indiana

46385

I agree to these terms and to the use of my electronic signature

Nicholas

Kimball

nicholas.kimball@gmail.com

1028 Montana Ave W

St. Paul

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Tim

Krueger

kruegertw@gmail.com

1048 Roselawn Ave W

Roseville

Minnesota

55113

(651) 485-8974

I agree to these terms and to the use of my electronic signature

Elyse

Grothendick

elyse.grothendick@gmail.com

978 Burke Ave W

Roseville

Minnesota

55113

(763) 228-9968

I agree to these terms and to the use of my electronic signature

Ashley

Sparks

Ashley.mich.lee@gmail.com

253 maple ln

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Melissa

Bagley

Melissa.bagley@hotmail.com

5976 Saint Albans Street North

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Nancy

Brown

Rynabrown@msn.com

726 Terrace Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Diane

Pottratz

Diane.pottratz@gmail.com

2062 Albemarle St

Roseville

Minnesota

55113

Donna

Stene

csstene@q.com

2708 Matilda St

Roseville

Minnesota

55113

(165) 148-4769

I agree to these terms and to the use of my electronic signature

Jennifer

Duncan

jlsduncan@gmail.com

1931 Gluek Ln

Roseville

Minnesota

55113

(651) 428-2435

I agree to these terms and to the use of my electronic signature

Victoria

Hall

victoriahalldvm@gmail.com

2778 Lakeview Ave

Roseville

Minnesota

55113

(513) 600-1010

I agree to these terms and to the use of my electronic signature

Marisela

Weber

Webster1296@gmail.com

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Kim

Wielenberg

kimwielenberg@gmail.com

3066 Farrington Court

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Ingrid

Beck

Ingridbeck14@gmail.com

790 Millwood Avenue

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Carissa

Squire

carissa.stephens@gmail.com

969 Kettle Creek Rd

Eagan

Minnesota

55123

I agree to these terms and to the use of my electronic signature

Amy

Perkins

amy.soizic.perkins@gmail.com

904 Brenner Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Aaron

Dunn

dunn0252@gmail.com

966 Sherren St. W.

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

3265 Shoreview

I agree to these terms and to the use of my electronic signature
(651) 353-6373

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(816) 695-6199

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(161) 228-2698

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 329-7261

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Natasha

Sandanayake

sherwornie@hotmail.com

794 Millwood Ave

Roseville

Minnesota

55113

Elizabeth

Wendland

liz.wendland@gmail.com

1791 Dale St. N

ROSEVILLE

Minnesota

55113

Audrie

Rehard

Amrehard@gmail.com

1010 Shryer Ave W

Roseville

Minnesota

55113

Pete

Carpenter

petebus@gmail.com

1854 Oxford St. N.

Roseville

Minnesota

55113

Elizabeth

Kelly

bizkelly314@gmail.com

1641 Chatham Ave

Arden Hills

Minnesota

55112

Rebecca

carlson

beckycrew15@yahoo.com

1914 wagener place

St Paul

Minnesota

55113

Shelley

Shea

Shelley.shea@gmail.com

2493 Matilda St

Roseville

Minnesota

55113

Joy

leCuyer

joyioi@Hotmail.com

2586 Irene St

Roseville

Minnesota

55113

Chloe

Spring

Chloe.M.Spring@gmail.com

3066 Avon St N

Roseville

Minnesota

55113

(651) 387-7732

I agree to these terms and to the use of my electronic signature

Mary

Grundman

Marygrundman@yahoo.com

1840 Chandler Ave

Roseville

Minnesota

55113

(651) 248-5913

I agree to these terms and to the use of my electronic signature

Rita

Schild

Ritaschild@comcast.net

3066 Avon St N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kathryn

Jensen

katie.jensen@gmail.com

845 Grandview Ave W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

John

Kolesar

j.lecuyer@gmail.com

2586 Irene St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Paula

Swanson

mama2wdmb@yahoo.com

2490 N Albert St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Elisabeth

Doree

Elisabeth2727@gmail.com

699 terrace dr

Roseville

Minnesota

55113

Elise

Jahnke

eli21@comcast.net

1241 COUNTY ROAD C2 W

ROSEVILLE

Minnesota

55113

Tiffany

Rodgers

tiffany.rodgers@gmail.com

2721 Galtier Street

Roseville

Minnesota

55113

Stephanie

Aanenson

stephanie.aanenson@olddutchfoods.com
1325 Willow Circle

Roseville

Minnesota

55113

Anne

Csargo

Gcsargo@comcast.net

713 Bradford Circle

Eagan

Minnesota

55123

I agree to these terms and to the use of my electronic signature

Monica

Trent

hillampr@gmail.com

1412 Albert Street North

Saint Paul

Minnesota

55108

I agree to these terms and to the use of my electronic signature

Erik

Moore

erikmoore@yahoo.com

2976 Galtier St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Maggie

Korder

mkorder01@gmail.com

296 McCarrons Blvd S

Roseville

Minnesota

55113

Stephanie

Doree

Smdoree@gmail.com

699 Terrace Drive

Roseville

Minnesota

55113

Amanda

Elliott

Amandabelliott14@yahoo.com

8217 Rhode Island Ave S

Bloomington

Minnesota

55438

I agree to these terms and to the use of my electronic signature

Karl

Noot

Karl4noots@gmail.com

467 Centennial Dr

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Christine

Hochstatter

Slp2@comcast.net

817 Millwood Ave

Roseville

Minnesota

55113

Mark

Martell

Mmartell54@gmail.com

2949 Farrington St

Roseville

Minnesota

55113

Edward

Freier

Efreier12@gmail.com

197 Sherman Street

Saint Paul

Minnesota

55102

Sher

Noot

Shernoot@gmail.com

467 Centennial Drive

Roseville

Minnesota

55113

Bonnie

Russ

bonnie.russ@gmail.com

788 Sandhurst Dr W

Roseville

Minnesota

55113

Jody

Hare

Jodythare@gmail.com

544 Schletty Dr

Little Canada

Minnesota

55117

Joni

Selle

jonilynnselle@gmail.com

10829 Hollister Ave. NW

Maple Lake

Minnesota

55358

Avalon

Taylor

avalon.levey@gmail.com

1587 BERKELEY AVE

SAINT PAUL

Minnesota

55105-2023

Vanessa

Slavens

vanessapeterson23@yahoo.com

2866 Marion St.

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Louann

Huebsch

Lou.huebsch@gmail.com

3417 No. Dale St.

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Beverly

Aanenson

Bkaanenson@aol.com

3314 Owasso Heights Road

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Katherine

Bentfield

Benti12321@gmail.com

20890 Monterey Ave

Prior lake

Minnesota

55372

I agree to these terms and to the use of my electronic signature

Claire

Jordan

Claireandmichaelj@gmail.com

2595 Cohansey Street

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Mark

Maes

markmaes12@gmail.com

18955 St Rd 10

Culver

Indiana

46511

I agree to these terms and to the use of my electronic signature

Amy

Rogers

amysdomain@gmail.com

240 Maple Lane

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 470-2313

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 386-9059

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 338-7524

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 303-8128

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 249-1268

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 387-9165

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(613) 961-3926

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 387-3996

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 875-1588

I agree to these terms and to the use of my electronic signature
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I agree to these terms and to the use of my electronic signature

Stephanie

Aanenson

stephanie.aanenson@gmail.com

3314 Owasso Heights Road

Shoreview

Minnesota

55126

Jeanette

Kroening

kroening1@gmail.com

791 Millwood Ave W

Roseville

Minnesota

55113

Joyce

Basham

Jkb7254@gmail.com

2514 Rosetown Ct

Roseville

Minnesota

55113

Kathryn

Behm

kjobehm@gmail.com

20 2nd Street NE, 1408

Minneapolis

Minnesota

55413

Caroline

Acosta

carolinejacosta@gmail.com

2751 Farrington St

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Eric

Ogdahl

ogdah005@umn.edu

487 Dayton Ave

St. Paul

Minnesota

55102

I agree to these terms and to the use of my electronic signature

Heather

Monitor

tartan02@yahoo.com

1211 County Road C2 West

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Anna

Freed

Annafreed2@gmail.com

842 County Road B West

Roseville

Minnesota

55113

Sara

Wessling

Sara.a.wessling@gmail.com

586 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Rachel

Huntington

rachel.huntington@yahoo.com

162 Minnesota Avenue

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Rebecca

Diffley

rebeccadiffley@outlook.com

2799 Rustic Place #320

Little Canada

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Andrew

Brownell

andrew.brownell@alum.dartmouth.org800 Millwood Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Samantha

Wormley

Wormwormley@gmail.com

2664 Farrington Street

Roseville

Minnesota

55114

I agree to these terms and to the use of my electronic signature

Lily

Rose

roseflowerbear@comcast.net

1125 Roselawn Ave W

Roseville

Minnesota

55223

I agree to these terms and to the use of my electronic signature

Jodi

Evans

Jodi.Evans.mn@gmail.com

1518 Arden Vista Ct

Arden Hills

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Lisa

Carey

Lisacarey4580@gmail.com

1220 Josephine Road

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Catherine

Moreno Gamez

catherine.morenogamez@gmail.com 1944 Giesmann St.

Roseville

Minnesota

55113

Grant

Young

grant.young@mnsu.edu

511 Heinel Drive

Roseville

Minnesota

55113

Jenny

Bauer

Jennybauer70@comcast.net

3316 Skycroft Cir

St. Anthony

Minnesota

55418

Ruth

Sorenson-Prokosch Sorensonprokosch@gmail.com

1019 Shryer Ave W

Roseville

Minnesota

55113

Stacy

Yoakiem

syoakiem@gmail.com

1116 County Rd C East

Maplewood

Minnesota

55109

Tess

Nyberg

Tessz8@yahoo.com

828 Brenner Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Erin

Jordahl Redlin

ejr0904@gmail.com

3012 Armour Terrace

St. Anthony

Minnesota

55418

I agree to these terms and to the use of my electronic signature

Judith

Florine

jaflorine@comcast.net

1049 Harriet Ln

Roseville

Minnesota

55113

Kirk

Brown

dd716@hotmail.com

3060 Avon St N

ROSEVILLE

Minnesota

55113

madhu

kannapiran

kannapiran1@gmail.com

813 Brenner Ave

roseville

Minnesota

55113

David

Parker

Revdad27@gmail.com

178 Burke Lane

Little Canada

Minnesota

55117

Amy

Varner

amyavarner@yahoo.com

3621 Edgerton Street

Vadnais Heights

Minnesota

55127

I agree to these terms and to the use of my electronic signature

Donna

Steinwand

Donnasteinwand95@gmail.com

1424 Skillman Avenue West

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Dannah

Thompson

Dannah.waukazo@gmail.com

2425 County Rd C2 W., #312

Roseville

Minnesota

55113

Karensa

Fischer

Patinapatina@me.com

2049 Western Ave N

Roseville

Minnesota

55113

Jessica

Waage

jess.waage@gmail.com

841 Cope Ave W

Roseville

Minnesota

55113

Jane

Spartz

bobspartz@comcast.net

649 Heinel Drive

Roseville

Minnesota

55113

Kate

Olson

Kzieman@gmail.com

3558 ridgewood ct

Arden hills

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Therese

Anderson

tka401@gmail.com

401 S 1st St. #1823

Minneapolis

Minnesota

66401

I agree to these terms and to the use of my electronic signature

Amanda

Taylor

amanda.taylor.randono@gmail.com 998 Brooks Ave W

Roseville

Minnesota

55113

Mark

Gogins

mark.gogins@gmail.com

806 Millwood Ave

Roseville

Minnesota

55113

Heidi

Simons

Simonsheidi1@gmail.com

1007 Tiller Lane

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Sarah

Lindberg

sbeth.lindberg@gmail.com

1274 Rose Place

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Krista

Eichhorst

krista.eichhorst@gmail.com

1015 Hope St, Apt 220, Mankato MN 56001
Mankato

Minnesota

56001

I agree to these terms and to the use of my electronic signature

(651) 481-9288

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 239-2580

(612) 868-4995

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 600-2782

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 703-8658

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(165) 148-4951

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 728-0658

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 270-3738

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 483-1811

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 418-8069

I agree to these terms and to the use of my electronic signature

14

ATTACHMENT C

Victoria Shores Petition Signatures as of 5/7/21
Mindy

Greiling

mindygreiling@gmail.com

2495 Marion St.

Roseville

Minnesota

55113

Eric

Blomquist

ejboom1@gmail.com

3201 36th st ne

Saint Anthony

Minnesota

55418

(651) 503-3452

Brian

Marette

nairbetteram@hotmail.com

1107 Oakcrest Avenue

Roseville

Minnesota

55113

Scott

Duce

Duces@comcast.net

3204 west Owasso boulevard

Shoreview

Minnesota

55126

Melissa

Cross

melissacosi@gmail.com

14106 Glenridge Rd

Minnetonka

Minnesota

55345

Stepehn

Youngquist

s_youngquist@yahoo.com

391 South Owasso Blvd W

Roseville

Minnesota

55113

(612) 429-9454

I agree to these terms and to the use of my electronic signature

Jonathan

Rice

jvrice@yahoo.com

3350 Owasso Hts. Rd.

Shoreview

Minnesota

55126

(651) 329-9463

I agree to these terms and to the use of my electronic signature

Valerie

Jones

valeriefrjones@gmail.com

3042 Sandy Hook Drive

Roseville

Minnesota

55113

Megan

Dahlberg

Dahlberg.megan4@gmail.com

561 Heinel Dr.

Roseville

Minnesota

55113

(651) 491-9698

I agree to these terms and to the use of my electronic signature

Elizabeth

Reinhart

bethreinhart@yahoo.com

523 Heinel Dr

Roseville

Minnesota

55113

(651) 483-1577

I agree to these terms and to the use of my electronic signature

Jennifer

Schmaedeke

jenschmaedeke@gmail.com

2284 Highway 36 W

Roseville

Minnesota

55113

(651) 500-9998

I agree to these terms and to the use of my electronic signature

June

Rott

junerott@gmail.com

3115 Sandy Hook Dr.

Roseville

Minnesota

55113

(651) 484-4922

I agree to these terms and to the use of my electronic signature

Jay

Dacey

jay@jaydacey.com

411 S Owasso Boulevard W

Roseville

Minnesota

55113

(651) 210-9593

I agree to these terms and to the use of my electronic signature

MARY

RHODE

mary.rhode@comcast.net

3161 Sandy Hook Dr

SAINT PAUL

Minnesota

55113

(651) 484-3547

I agree to these terms and to the use of my electronic signature

Amber

Asmus

asmus@fr.com

3125 Sandy Hook Dr

Roseville

Minnesota

55113

(651) 765-8246

I agree to these terms and to the use of my electronic signature

Sharon

Sparks

shrib025@gmail.com

3040 little bay road

SAINT PAUL

Minnesota

55113

(651) 492-0297

I agree to these terms and to the use of my electronic signature

Eva Kate

Shields

Ktaylore1@gmail.com

605 Suzanne Ave

Shoreview

Minnesota

55126

Christine

Kraft

Cakraft@aol.com

697 Emerald Ridge

Roseville

Minnesota

55113

Camilla & John

Lehr

camilla.lehr@gmail.com

3135 Sandy Hook Dr

Saint Paul

Minnesota

55113-2128

Jina

Lien

lien.jina@gmail.com

739 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Victoria

Seim

vickieseim@gmail.com

513 Heinel Dr

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jason

Asmus

jay_asmus@msn.com

3125 Sandy Hook Dr.

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

David

Shields

shielddj@msn.com

7536 Jeanne Drive

Lino Lakes

Minnesota

55014

I agree to these terms and to the use of my electronic signature

Kirsten

Hoffman

Khoff0084@gmail.com

2114 4th st ne Apt 1

Minneapolis

Minnesota

55418

Zack

Swore

sworezack@gmail.com

800 e Curry rd unit 1061

Tempe

Arizona

85281

(616) 843-6147

I agree to these terms and to the use of my electronic signature

Nancy

Spurgin

Nlspurgin@gmail.com

2600 Dale St N

Roseville

Minnesota

55113

(414) 322-9084

I agree to these terms and to the use of my electronic signature

Debora

Wiod

Woodkrusideb@gmail.com

3029 Victoria Street North

Roseville

Minnesota

55113

(651) 592-2582

I agree to these terms and to the use of my electronic signature

Grace

Lien

Lieng@csp.edu

1084 26th ave SE

Minneapolis

Minnesota

55414

Teresa

McDonald

trmcdonald2@gmail.com

2982 W. Owasso Blvd

Roseville

Minnesota

55113

Rhonda

Larson

ronilarson@comcast.net

2671 Knollwood Ct N

Maplewood

Minnesota

55109

I agree to these terms and to the use of my electronic signature

LaNor

McDonald

Ljmcdonald@frontier.com

33689 County 24 Blvd

Cannon Falls

Minnesota

55009

I agree to these terms and to the use of my electronic signature

Mark

Hermes

mjhermes19@yahoo.com

2752 mackubin st

Roseville

Minnesota

55113

Michelle

Abel

michelle.abel6@gmail.com

18089 Duncan Court

Farmington

Minnesota

55024

Liz

Hermes

ehhermes@aol.com

2752 Mackubin Street

Roseville

Minnesota

55113

Alana

Howey

Alana_howey@msn.com

991 Parker Ave

Roseville

Minnesota

55113

Teresa

McDonald

trmcdonald2@gmail.com

2982 W. Owasso Blvd

Roseville

Minnesota

55113

(651) 235-7856

I agree to these terms and to the use of my electronic signature

Randy

Myhre

randymyhre@yahoo.com

17413 Inland Loop

Lakeville

Minnesota

55044

(507) 429-9965

I agree to these terms and to the use of my electronic signature

Janet

Etten

jeewhiz@comcast.net

4414 Churchill St

Shoreview

Minnesota

55126

(651) 263-5735

I agree to these terms and to the use of my electronic signature

Emily

Flaten

Emily.flaten@gmail.com

8132 Fillmore St. NE

Spring Lake Park

Minnesota

55432

I agree to these terms and to the use of my electronic signature

Kathleen

Lopac

Kathleen.Lopac@gmail.com

1005 Gramsie Rd

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(952) 412-2401

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 484-4176

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 235-7856

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(561) 329-6004

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Jacqueline

Voss

Jacqui.voss30@gmail.com

512 Iona Lane

Roseville

Minnesota

55113

Jenny

Holman

Jenholman@gmail.com

585 Heinel Dr

Roseville

Minnesota

55113

Dan

Walseth

dan.walseth@moundsviewschools.org5855 Evergreen Ln

Shoreview

Minnesota

55126

Emily

Topinka

emilytopinka@gmail.com

1852 Stanford Ave

St Paul

Minnesota

55105-1601

I agree to these terms and to the use of my electronic signature

Stephanie

Hammer

foxhammer@gmail.com

979 Lydia Drive West

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kelly

Hawkes

Hoag.kelly@gmail.com

3324 Jansen Way

Vadnais Heights

Minnesota

55127

I agree to these terms and to the use of my electronic signature

Lisa

Hovde

Lisa.hovde@comcast.net

19730 Quapaw St NW

Anoka

Minnesota

55303

I agree to these terms and to the use of my electronic signature

Jennifer

Bard

Bardjj@hotmail.com

6003 Gardena Circle NE

Fridley

Minnesota

55432

I agree to these terms and to the use of my electronic signature

Julie

Dorr

jrseverson@gmail.com

13301 Hanson Blvd NW

Andover

Minnesota

55304

Keith

Gilbert

kgilbert@gilbertconsulting.com

1466 skiles lane

Arden hills

Minnesota

55112

Kimberly

Eklund

Ksaeklund@aol.com

986 Glen Paul ct

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Gregory

Dorr

Grmido@comcast.net

159 Canabury Ct

Little Canada

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Sam

Dorr

samuel.dorr@gmail.com

952 Goodrich Ave

Minnesota

55105

Michael

Dorr

michael.dorr23@gmail.com

952 Goodrich Ave

St. Paul

Minnesota

55105

Susan

Carlson

Carlsons17@yahoo.com

3102 w owasso blvd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kyle

Mcdonald

Panhandlerustics@gmail.com

2982 w owasso Blvd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Brad

Wieck

bcwieck@gmail.com

6464 Crosby Ave

Inver Grove Heights Minnesota

55076

Barb

Connelly

Barb.connelly@me.com

3320 Lake Johanna Blvd

Arden Hills

Minnesota

55112

cheryl

hyink

cherylhyink@gmail.com

4550 queen ave n

minneapolis

Minnesota

55412

I agree to these terms and to the use of my electronic signature

Jen

Fehrmann

Jfehrmann12@gmail.com

31805 ELMWOOD Trail

Stacy

Minnesota

55079

I agree to these terms and to the use of my electronic signature

Tami

Fagely

28sa19@comcast.net

91 Doover Lane

Mahtomedi

Minnesota

55115

I agree to these terms and to the use of my electronic signature

Hal

MacGregor

hal.macgregor@gmail.com

3011 Little Bay Road

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Seth

Gouldin

sgouldin@hotmail.com

3049 Gettysburg Avenue N

New Hope

Minnesota

55427

I agree to these terms and to the use of my electronic signature

Melanie

Haut

Mel@haut.me

2424 Churchill St

Roseville

Minnesota

55113

Dagmar

Kortshagen

Dagmar.kortshagen@gmail.com

968 Lydia Avenue W

Roseville

Minnesota

55113

(651) 261-4760

I agree to these terms and to the use of my electronic signature

Avery

Junker

junkeravery@apps.isd623.org

2853 Victoria st N

Roseville

Minnesota

55113

(763) 321-9293

I agree to these terms and to the use of my electronic signature

Brody

Junker

Junkerbrody@apps.isd623.org

2853 Victoria St N

Roseville

Minnesota

55113

Mindy

Heinlen

mindroos@hotmail.com

14303 Grand Oaks Dr Unit 112

Baxter

Minnesota

56425

(218) 330-4466

I agree to these terms and to the use of my electronic signature

Shenoa

Larson

shenoa.larson@gmail.com

16741 State Hwy 27 West

Kensington

Minnesota

56343

(320) 815-0962

I agree to these terms and to the use of my electronic signature

Kristen

Shadis

kshadis@fscsmn.org

13140 Ferris Ct

Apple Valley

Minnesota

55124

Tammy

Junker

tamaralynnjunker@gmail.com

2853 Victoria St N

Roseville

Minnesota

55113

Margaret

Westerlund

westerlund002@gmail.com

290 Earl St.

St. Paul

Minnesota

55106

Scott

Henry

adhank@aol.com

1807 Alameda Street

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Vanessa

Petrulo

Vanessa.petrulo@gmail.com

724 west co rd C

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jane

Schneider

Janecschneider@me.com

958 Lydia Dr W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Laura

Koser

Lakoser@att.net

981 Crestwood lane

O'fallon

Missouri

63366

Priscilla

Morton

Prismorton@comcast.net

2593 Western ave north

Roseville

Minnesota

55113

Kristi and Jeremy

Green

Kristi.green@gmail.com

313 S. Owasso Blvd. W.

Roseville

Minnesota

55113

Timothy

Junker

timmahj@gmail.com

2853 Victoria St N

Roseville

Minnesota

55113

(651) 341-6652

I agree to these terms and to the use of my electronic signature

Rebekah

Jorgensen

rjjorgen@gmail.com

937 Orchard Lane

Roseville

Minnesota

55113

(651) 357-6008

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 503-3771

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(751) 245-0270

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 382-3912

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 333-0057

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 353-6083

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 269-3458

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Jacob

Von De Linde

Jakevdl@hotmail.com

925 Orchard Lane

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Char

Hughes

Char.Hughes.g@gmail.com

9455 55 ST N

Lake Elmo

Minnesota

55042

I agree to these terms and to the use of my electronic signature

Beth

Oneill

Oneillmdo@comcast.net

2871 Kent street

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Nick

Hinnerichs

Nicholas.hinnerichs@gmail.com

28 e pleasant lake rd

North oaks

Minnesota

55127

I agree to these terms and to the use of my electronic signature

Keith

Maxwell

Keithfred1954@outlook.com

5232 Jansen Ave NE

St. Michael

Minnesota

55376

I agree to these terms and to the use of my electronic signature

Liz

Eide

lizaeide@gmail.com

4657 Copper Ridge Dr

Woodbury

Minnesota

55129

I agree to these terms and to the use of my electronic signature

Rosney

Von De Linde

Smkvdl@icloud.com

524 Heinel Dr

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Judy

Craig

Judycraig@edinarealty.com

4643 Lake ave

White Bear Lake

Minnesota

55110

Sherry

Hood

sherrychood@icloud.com

2220 Midland Grove Rd., #303

Roseville

Minnesota

55113

ELLEN M

BLANK

eblank1@comcast.net

1305 Christy Circle

Roseville

Minnesota

55113

Eric

Blank

Ejblank25@gmail.com

4625 cottonwood

Plymouth

Minnesota

55442

LuAnne

Pederson

glpederson969@msn.com

969 LYDIA DRIVE

ROSEVILLE

Minnesota

55113

(612) 206-7132

I agree to these terms and to the use of my electronic signature

Jamie

Becker-Finn

jamie@becker-finn.org

Victoria St N

Roseville

Minnesota

55113

(651) 300-7946

I agree to these terms and to the use of my electronic signature

Adam

Wright

awright77177@hotmail.com

989 LYDIA DR W

ROSEVILLE

Minnesota

55113

(612) 385-4494

I agree to these terms and to the use of my electronic signature

Julie

Heck

Heckucci@comcast.net

2321 County Road B W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Karri

Sturm

Karristurm@msn.com

5229 6th st ne

Columbia Heights

Minnesota

55421

I agree to these terms and to the use of my electronic signature

Ginger

Hughes

spea0030@umn.edu

9 pleasant view lane

Circle pines

Minnesota

55014

Jennifer

Barshack

jenniferbarshack@hotmail.com

955 Lydia Drive W

Roseville

Minnesota

55113

Tiffany

Eckberg

tiffanyeckberg@gmail.com

3021 Chatsworth St N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Patricia

Galván

Pattygalvane@aol.com

580 Bidwell st

St Paul

Minnesota

55107

I agree to these terms and to the use of my electronic signature

Rachel

Wright

rachelwright72@gmail.com

989 Lydia Dr W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Ilona

Rouda

Ilona.rouda@gmail.com

946 Lydia dr

Riseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

John

Edwards

johnmartinedwards@gmail.com

962 Lydia Avenue West

Roseville

Minnesota

55113

Monica

Bolinger

monica@bolinger.com

2955 Milton Ct. N

Roseville

Minnesota

55113

Chelsae

Gervais

Chelsaewalsh@yahoo.com

3053 Chatsworth street north

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

John

Hughes

Polojohn28@aol.com

798 Millwood Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Michael

ONeill

Mdoneill@martinswuires.com

2871 Kent

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Max

Eide

Maxeide@gmail.com

519 Heinel drive Roseville mn

Heinel drive

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Andrea

Larson

andrealars15@aol.com

2803 E 38th Street #205

Minneapolis

Minnesota

55406

Rita

Stanoch

Rita528@comcast.net

689 Brigadoon Ct

Shoreview

Minnesota

55126

(651) 216-1954

I agree to these terms and to the use of my electronic signature

Heidi

Brezinka

Brezinka@comcast.net

3053 Little Bay Rd

Roseville

Minnesota

55113

(651) 246-0878

I agree to these terms and to the use of my electronic signature

Stephanie

Billecke

sbillec1@fairview.org

962 Lydia Ave West

Roseville

Minnesota

55113

(651) 592-1464

I agree to these terms and to the use of my electronic signature

Karen

Hartman

kjskhart@gmail.com

1407 IOWA AVE W

FALCON HEIGHTS

Minnesota

55108-2123

(651) 503-1775

I agree to these terms and to the use of my electronic signature

Jessica

Lewis

jessica.anderson@gmail.com

978 Lydia Dr W

Roseville

Minnesota

55113

(612) 396-9203

I agree to these terms and to the use of my electronic signature

Berni

Carlson

Berni.carlson@comcast.net

532 lake bayview court

Shoreview

Minnesota

65126

Linda

Eckman

threshgirl@gmail.com

15925 38th Avenue North

Plymouth

Minnesota

55446

Scott

Steil

Nutrabridge@gmail.com

213 Lion Lane

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Katie

Wolfe

Katie.wolfe@hotmail.com

983 Lydia Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kathleen

Martin

bornready1947@icloud.com

361 S Owasso Blvd W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jessica

Haider

Minnesotagoldexchange@gmail.com 415 walnut lane

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 590-1996

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 271-0306

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 276-7938

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(612) 597-5569

I agree to these terms and to the use of my electronic signature
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Dan

Rodgerson

Rodg006@gmail.com

433 maple lane

Shoreview

Minnesota

55126

Gretchen

Blank

Iammsblank@gmail.com

4625 COTTONWOOD LN N

PLYMOUTH

Minnesota

55442

Annalisa

Rudser

Eckm0025@umn.edu

3000 South Owasso Blvd west

Roseville

Minnesota

55113

Janice

Kaufenberg

Janicekaufenberg@comcast.net

522 Heinel Dr

Roseville

Minnesota

55113

Kari

Norris

norris.kari@gmail.com

2925 Vanderbie St

Little Canada

Minnesota

55117

Jan

Foster

Janfoster76@gmail.com

12962 Summit Ridge Dr

St. Louis

Missouri

63146

Adele

Kaufman

adelek@comcast.net

365 South Owasso Blvd W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Katie

Nelson

Kt_did07@hotmail.com

3415 Chandler Rd

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Pat

Martin

pat.martin@ogletree.com

363 SOUTH OWASSO BLVD W.

ROSEVILLE

Minnesota

55113

Ashley

MacGregor

stanoch@gmail.com

3011 Little Bay Rd

Roseville

Minnesota

55113

Roger

Flashinski

Raflashi@wisc.edu

2730 Oxford St N

Roseville

Minnesota

55113

Margaret

Dahlof

margie.walz@gmail.com

208 Greenbriar LN

Buffalo

Minnesota

55313

(612) 599-2101

I agree to these terms and to the use of my electronic signature

Katie

Martin

Katiemartinann@gmail.com

363 South Owasso Blvd W

Roseville

Minnesota

55113

(651) 955-7521

I agree to these terms and to the use of my electronic signature

Julie

McFarlin

thejewels515@outlook.com

515 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kristin

Rudin

krisrudin@comcast.net

5836 Hobe lane

White Bear Township Minnesota

55110

I agree to these terms and to the use of my electronic signature

Nick

Eide

nick@oldbranch.com

4657 Copper Ridge Dr

Woodbury

Minnesota

55129

I agree to these terms and to the use of my electronic signature

Kelli

Martin

Kellimartin@comcast.net

363 S Owasso Blvd W

Roseville

Minnesota

55113

Crystal

Hall

crystalhall79@gmail.com

1031 Dionne St

Roseville

Minnesota

55113

Jill

Wilson

jwevents@hotmail.com

3330 N Victoria St

Shoreview

Minnesota

55126

Samantha

Eide

eidesamantha@gmail.com

519 Heinel Dr

Roseville

Minnesota

55113

(165) 245-3665

I agree to these terms and to the use of my electronic signature

John

Zetzman

johnzetz@gmail.con

2007 Portland Ave

St. Paul

Minnesota

55104

(314) 780-9856

I agree to these terms and to the use of my electronic signature

Katie

Harms

k8tharms@gmail.com

15497 Legacy Oaks Trail

Wayzata

Minnesota

55391

Amy

Buecksler

aoelschl@gmail.com

517 Heinel Dr

Roseville

Minnesota

55113

Ray

Larson

raymlarson@gmail.com

4619 N Salem Place

Prescott Valley

Arizona

86314

Amanda

Deitner

Amandadeitner@gmail.com

8255 Scandia Trl N

Forest Lake

Minnesota

55025

Caleb

Buecksler

cgbuecksler@gmail.com

517 Heinel Dr

Roseville

Minnesota

55113-2108

Nancy

Rose Pribyl

nerpribyl@gmail.com

2317 West 111th

Bloomington

Minnesota

55431

Nick

Behrens

romerodawn@yahoo.com

1485 Albany Ave

SAINT PAUL

Minnesota

55108

I agree to these terms and to the use of my electronic signature

Lynn

Swenson

Richlynn@gmail.com

3757 colfax court

Anoka

Minnesota

55303

I agree to these terms and to the use of my electronic signature

Jason

Parnell

jasonjparnell95@gmail.com

1535 Walnut St

Kansas City

Missouri

64108

I agree to these terms and to the use of my electronic signature

Megan

Scott

Megjensmith@gmail.com

102 Stowe Ave

New Brighton

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Sarah

Cozzi

Sarah@cozzi.us

804 Parker Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jennifer

Weller

jenweller10@gmail.com

11291 207th Ave NW

Elk River

Minnesota

55330

I agree to these terms and to the use of my electronic signature

Casia

Donahue

Casia.donahue@gmail.com

6908 35th Ave n

Crystal

Minnesota

55427

I agree to these terms and to the use of my electronic signature

Molly

Jubert

Mberkas@gmail.com

2898 Dunlap St North

Roseville

Minnesota

55113

katy

sienko

KSIENKO@APPLEAMERICAN.COM 1970 112th Circle Northeast

Blaine

Minnesota

55449

(161) 224-5125

I agree to these terms and to the use of my electronic signature

Margaret

Rose

Minmag777@yahoo.com

2871 20th St

Cumberland

Wisconsin

54829

(612) 388-1590

I agree to these terms and to the use of my electronic signature

Katherine

Heyerdahl

kmheyerdahl@gmail.com

3171 Hillsboro Ave S

Minneapolis

Minnesota

55426

Steve

West

srwest@comcast.net

8215 NORMAN CREEK TRL

BLOOMINGTON

Minnesota

55437

Jeanine

Maxwell

jeaniewein@hotmail.com

5232 Jansen Ave NE

Saint Michael

Minnesota

55376

I agree to these terms and to the use of my electronic signature
(612) 670-9606

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 402-1744

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(314) 210-6626

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 271-4225

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(708) 263-3944

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 492-9187

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(952) 881-2758

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(165) 137-3746

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Mary

Tragiai

Tragiaim@aol.com

206 east Owasso lb

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Richard

Walz

Rswalz50@gmail.com

957 Edith St

St Paul

Minnesota

55119

I agree to these terms and to the use of my electronic signature

Peter

Tanghe

Tanghems@comcast.net

234 Ryan Ave

St. Paul

Minnesota

55102

I agree to these terms and to the use of my electronic signature

Brandon

Comiskey

Comiskeybrandon@yahoo.com

197 Jerrold ave

Shoreview

Minnesota

55126

Todd

Gengerke

todd.r.gengerke@gmail.com

15020 61st Place North

Plymouth

Minnesota

55446

Rebecca

Jacobson

Rebeccajacobson7@gmail.com

1225 Sherren St W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kevin

Battis

Kbattis@deloitte.com

405 S Owasso Blvd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Nicole

Podpirka

npodpirka@gmail.com

405 S Owasso Blvd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Deborah

Donnelly

Debbieerstad@yahoo.com

280 G Street

Mendota

Minnesota

55150

I agree to these terms and to the use of my electronic signature

Sarah

Keyes

Keyessarah@hotmail.com

320 Ascot Court

New Brighton

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Joe

Ostlund

joeostlund@gmail.com

1511 89th Ave N

Brooklyn Park

Minnesota

55444

Mary

Kennedy

Luvtobuy@aol.com

8915 72nd St S

Cottage Grove

Minnesota

55016

Kristin

Dacey

Kshuda@hotmail.com

411 S Owasso Blvd W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Jeza

Jensen

Jezamichelle@gmail.com

6532 Merrimac Lane N

Maple Grove

Minnesota

55311

I agree to these terms and to the use of my electronic signature

SaraLynn

Atlas

Bucha085@umn.edu

PO Box 17370 Lot 4157

St. Paul

Minnesota

55117

Steve

Pieh

Swpieh@icloud.com

15508 Robinwood Drive

Minnetonka

Minnesota

55345

Morgan

Schlinsog

Schlinsogme@outlook.com

13032 Hialeah path

Apple Valley

Minnesota

55124

Erin

Olson

84.Erin.lynn@gmail.com

3065 sandy hook drive

Roseville

Minnesota

55113

Barbara

Kern-Pieh

Bkpieh@umn.edu

15508 Robinwood Drive

Minnetonka

Minnesota

55345

I agree to these terms and to the use of my electronic signature

Sally

Bowser

Sallybowser@hotmail.com

37814 490th Street

Aitkin

Minnesota

56431

I agree to these terms and to the use of my electronic signature

Kris

Christensen

christensen_kris@comcast.net

3761 Dakota Ave

Woodbury

Minnesota

55125

I agree to these terms and to the use of my electronic signature

Gina

Nelson

Hans1744@umn.edu

16978 Dakota St NW

Andover

Minnesota

55304

I agree to these terms and to the use of my electronic signature

Kathy

Munoz

Kathy.rydel@gmail.com

13912 Lower 59th Street N #203

Stillwater

Minnesota

55082

I agree to these terms and to the use of my electronic signature

Victoria

Graves

vickigraves@comcast.net

4893 lake ave

White bear lake

Minnesota

55110

I agree to these terms and to the use of my electronic signature

Janelle

Carlson

W5carlsons@aol.com

7921 165th Ave nw

Ramsey

Minnesota

55303

I agree to these terms and to the use of my electronic signature

Mike

Feist

Feistmike@yahoo.com

525 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Paula

Swenson

paulaswenson1.ps@gmail.com

2052 north lost lake road

Webb Lake

Wisconsin

54830

I agree to these terms and to the use of my electronic signature

Peggy

Kennedy

Peghkennedy@gmail.com

525 Heinel Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Chelsea

Ankeny

Chelseajmankeny@gmail.com

3010 Sandy Hook Dr

Roseville

Minnesota

55113

Harriet

Flashinski

Haflashinski@gmail.com

2730 Oxford Street N

Roseville

Minnesota

55113

Nicole

Fleming

Nicmfleming@gmail.com

1522 Crawford Ave

Falcon Heights

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Matt

Ficocello

Mattfic17@gmail.com

4286 Bridgewood Terrace

Vadnais heights

Minnesota

55127

I agree to these terms and to the use of my electronic signature

Emily

Iannazzo

Egiannazzo@csbsju.edu

9979 Troy Lane N

Maple Grove

Minnesota

55311

I agree to these terms and to the use of my electronic signature

Iana

Panovkina

Ianapanovkina@gmail.com

4424 Zane Ave n

Crystal

Minnesota

55422

I agree to these terms and to the use of my electronic signature

Lane

Patten

Lcpatten@yahoo.com

12355 Princeton Ave

Eden Prairie

Minnesota

55347

I agree to these terms and to the use of my electronic signature

Frances

Marshall

Francesmarshall33@gmail.com

1940 Marshall Ave Apt 21

St. Paul

Minnesota

55104

I agree to these terms and to the use of my electronic signature

Matt

Benson

Bajaves23@gmail.com

2808 lakeview ave

Roseville

Minnesota

55213

I agree to these terms and to the use of my electronic signature

Kelsey

Basabe

Kelsey.mick@gmail.com

1115 ruggles street

Roseville

Minnesota

55113

Cory

Dahl

Dahlcory@gmail.com

766 Upper Colonial Dr

Mendota Heights

Minnesota

55118

Kelly

Lang

Kelly.lang@spps.org

1043 Felix St

St. Paul

Minnesota

55118

I agree to these terms and to the use of my electronic signature
(612) 730-1363

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 459-9872

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(952) 932-0751

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 470-0035

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(608) 358-8822

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(715) 379-9093

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Laurie

Sparks

Laurie.sparks88@gmail.com

914 Monterey drive

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Margaret

Grafenstein

Stargrafdesign@gmail.com

549 Woodhill Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kristin

Parker

Kmparker18@gmail.com

10613 188th Ave NW

Elk River

Minnesota

55330

I agree to these terms and to the use of my electronic signature

Eric

Keleny

Ekeleny@gmail.com

835 Millwood ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Patrick

McGrath

Patmcgrath987@gmail.com

955 Kettle Creek Road

St. Paul

Minnesota

55123

I agree to these terms and to the use of my electronic signature

Elizabeth

Cornwell

Elcornwell@gmail.com

2982 Highcourte

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Michelle

Keleny

Mvkeleny@gmail.com

835 Millwood ave

Rosevill

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Rita

Decker

ritaannedecker@hotmail.com

21306 Joplin St NW

Elk River

Minnesota

55330

Bob

Rose

ofmiceandpen@aol.com

2871 20th Street

Cumberland

Wisconsin

54829

(651) 336-6788

I agree to these terms and to the use of my electronic signature

Sandy

West

sandywestmn@gmail.com

1440 PRIMROSE CURVE

ROSEVILLE

Minnesota

55113

(651) 235-2904

I agree to these terms and to the use of my electronic signature

Alyssa

Sakhitab-Kerestes

alyssa.kerestes@gmail.com

1432 California Ave W

Falcon Heights

Minnesota

55108

I agree to these terms and to the use of my electronic signature

Emily

Logan

Elogan105@yahoo.com

6180 S 1st Street

Waverly

Minnesota

55390

I agree to these terms and to the use of my electronic signature

Cory

Parnell

cmparnell@comcast.net

405 S Owasso Blvd W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Isabel

Bianchi

isabelbianchi15@gmail.com

10010 Gentian Drive

Eden Prairie

Minnesota

55347

I agree to these terms and to the use of my electronic signature

Susan

Parnell

cmparnell@comcast.net

405 S Owasso Blvd W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Dana

Hughes

Danahughes424@gmail.com

4395 Cumberland Ct

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Tom

Tiegs

Tom@twoguysheatingandair.com

6180 S 1st St.

Waverly

Minnesota

55390

I agree to these terms and to the use of my electronic signature

Grace

Webert

Gjwebert@gmail.com

2026 laurel ave

St paul

Minnesota

55104

I agree to these terms and to the use of my electronic signature

Mikayla

Kero

keromikayla@gmail.com

3975 Lavaque Rd

Hermantown

Minnesota

55811

I agree to these terms and to the use of my electronic signature

Bev

Blixt

Sanibel.4@msn.com

2593 Montana Ave E

Maplewood

Minnesota

55119

I agree to these terms and to the use of my electronic signature

Allison

Parnell

amparn20@gmail.com

405 S Owasso Blvd W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Will

Lund

Jwlund1328@gmail.com

242 Bedford St SE

Minneapolis

Minnesota

55414

I agree to these terms and to the use of my electronic signature

Kris

Elfstrom

Kris.elfstrom@comcast.net

3262 Richmond

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Mary

Swenson

mlswens@live.com

3757 colfax ct

Anoka

Minnesota

55303

I agree to these terms and to the use of my electronic signature

Eileen

Donnelly

Ecdonnelly74@gmail.com

2478 Chatsworth St N

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kimberly

Donahue

Kim.a.donahue@gmail.com

200 E Owasso Lane

Shoreview

Minnesota

55126

Benjamin

Eide

benjamineide@aol.com

519 Heinel Dr.

Roseville

Minnesota

55113

Alexander

Eide

Kansheb@gmail.com

519 Heinel dr

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Wendy

Laine

wendylaine@mac.com

1279 Kari ln

New Brighton

Minnesota

55112

I agree to these terms and to the use of my electronic signature

Stephanie

Von De Linde

stephvdl@live.com

925 Orchard Lane

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Kelly

Walseth

Kelly.Walseth@moundsviewschools.org
5855 Evergreen Lane

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Cathy

Carter

ccarter0717@aol.com

273 Dionne Ave

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Daniel

Huiras

Huiras14@gmail.com

564 Elaine Ave

Shoreview

Minnesota

55126

Jean

Eide

Jeaneide@comcast.net

519 Heinel Drive

Roseville

Minnesota

55113

Linda

Denbleyker

linda_denbleyker@yahoo.com

12354 Eagle Circle NW

Coon Rapids

Minnesota

55448

Lara

Youngquist

ljyoungquist@gmail.com

614 Portland Ave.

St. Paul

Minnesota

55102

(651) 402-5867

I agree to these terms and to the use of my electronic signature

Rick

Browne

Rick.browne48@gmail.com

397 South Owasso Blvd W

Roseville

Minnesota

55113

(651) 253-7431

I agree to these terms and to the use of my electronic signature

Jillian

Ledy

Jillmledy@gmail.com

3130 W Owasso Blvd

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

chloe

ledy

cledy4567@gmail.com

3130 W Owasso Blvd

Saint Paul

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Sherri

Browne

Sherri.browne48@gmail.com

397 South Owasso Blvd W

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 245-8538

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
(651) 245-7979

I agree to these terms and to the use of my electronic signature

I agree to these terms and to the use of my electronic signature
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Emily

Lockhart

Emilywloclhart@gmail.com

1248 Alameda St

St Paul

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Jake

Donahue

Jacob.donahue@gmail.com

200 E. Owasso Ln

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Melissa

Gallup

gallupmelissa@gmail.com

2351 Amberwood

Woodbury

Minnesota

55125

I agree to these terms and to the use of my electronic signature

Jenna

Huiras

Jennahuiras@gmail.com

564 Elaine Ave

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Bob

Terry

Bob@terryent.com

3211 Woodbridge St

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Kathy

Casey

kathy_casey@hotmail.com

155 Little Canada Rd E #314

Little Canada

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Shannon

Schuver

Shan.mcintyre@gmail.com

2874 Virginia Avenue

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Elizabeth

Aslesen

aslesen@yahoo.com

2839 Oxford St N

Roseville

Minnesota

55113

(515) 882-0813

I agree to these terms and to the use of my electronic signature

Andrew

Walz

andywalz@gmail.com

3097 Sandy Hook Dr

Roseville

Minnesota

55113

(612) 396-3179

I agree to these terms and to the use of my electronic signature

Pierce

Koger

piercemk08@gmail.com

3125 Woodbridge Street

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Dun

Ning

dun813ning@gmail.com

215 County Road B2 East

Little Canada

Minnesota

55117

I agree to these terms and to the use of my electronic signature

Cory

Koger

Kogerbee@icloud.com

3125 Woodbridge Street

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Laura

Eder

laura.foster0@gmail.com

740 HEINEL DR

ROSEVILLE

Minnesota

55113

I agree to these terms and to the use of my electronic signature

Lisa

Koger

lisalouisekoger@yahoo.com

3135 Woodbridge Street

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Cory

Koger

Cory.s.koger@usace.army.mil

3135 Woodbridge Street

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Danna

Wieck

dannajunew@hotmail.com

444 W Horseshoe Drivec

Shoreview

Minnesota

55126

I agree to these terms and to the use of my electronic signature

Heidi

Walz

heidifwalz@gmail.com

3097 Sandy Hook Drive

Roseville

Minnesota

55113

I agree to these terms and to the use of my electronic signature
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From:
To:
Subject:
Date:
Attachments:

Andy Walz
Janice Gundlach
Fwd: Follow-up on the proposed Victoria Shores development
Tuesday, June 1, 2021 10:59:27 AM
VictoriaShoresPetitionForEASignatures.pdf

Caution: This email originated outside our organization; please use caution.
Hi JaniceAs an outsider, it is hard to know exactly who to contact at the City. I did not copy you on this
message I sent last week but now realize I possibly should have (because I didn't hear back
from anyone else). Could you please include the attached petition signer comments in the
packet/record associated with the EAW agenda item if not already included? (Note: I was
unable to use the contact form on the city website because it does not allow attachments.)
Thanks,
Andrew Walz
andywalz@gmail.com
612-396-3179
---------- Forwarded message --------From: Andy Walz <andywalz@gmail.com>
Date: Thu, May 27, 2021 at 12:13 AM
Subject: Follow-up on the proposed Victoria Shores development
To: <Pat.Trudgeon@cityofroseville.com>, <dan.roe@cityofroseville.com>,
<jason.etten@gmail.com>, Wayne Groff <wayne.groff@cityofroseville.com>,
<julie.strahan@cityofroseville.com>, <rwillmus@msn.com>,
<thomas.paschke@cityofroseville.com>
Greetings Mayor Roe, Manager Trudgeon, Planner Paschke and City Council Members,
This is a follow up on the proposed Victoria Shores development, specifically regarding
recent comments by the DNR and the MN EQB petition.
As you may know, a citizens petition requesting an environmental assessment was
submitted to the MN Environmental Quality Board (EQB). The EQB determined the City of
Roseville was the appropriate governmental unit to decide the need for an EAW and
notified the Planning Department on May 11. I want to introduce myself as the Petitioners’
Representative but let you know that a core group of 30 Roseville residents helped put this
petition together. To date it has 887 signatures from MN residents who share concern and
request at minimum that an environmental impact assessment be completed.
There are two items that the petition data sent to Roseville by the EQB did not contain that I

ATTACHMENT C
want to make sure you see and get on the record:
1.

2.

A video that we created and shared with potential petition signers explaining the
project and some of our concerns:
https://www.youtube.com/watch?v=DMoue3YUTKs
The map referenced in the video can be found here: https://owasso.help/map

Petition signer comments (the EQB only requires name and contact info however
many signers chose to leave comments which I am attaching for you to view-I have
sorted the list so signatures with comments are at the top)

I urge you to vote to proceed with this requested environmental review. I welcome any
questions or dialog about the petition, video, or specific concerns. Updates as this process
progresses would also be appreciated.
We have also been in touch with the DNR and the Watershed District. These comments,
submitted by the DNR on May 13th, are supported wholeheartedly by our petitioners group.
In particular, I note the DNR reference to “one of the last remaining ecologically
sensitive wetland fringe areas of Lake Owasso” and the DNR citation of Roseville’s
code regarding building sites, i.e. “to maintain existing aquatic, vegetation and
wildlife conditions to the maximum extent possible.” The DNR’s review indicates the
Preliminary Plat application is incomplete and requires a variance. As proposed, the DNR
strongly recommends the City Council to deny this application.
We ask that you explore alternatives for this site that incorporate input from experienced
organizations, including but not limited to the DNR, Ramsey Washington Metro Watershed
District, and the Lake Owasso Association. In some recent developments there have been
conditions imposed, but unfortunately when the development proceeded they were not
upheld by the developer. I understand fines can be imposed, but in some instances
monetary compensation does not come close to reversing damage done. The risk is too
great and the protection and preservation of ecologically sensitive space requires even
greater caution and creativity for future generations of Roseville residents and visitors.
Please do everything within your power to preserve and protect this rare and important
urban wetland in our city.
Respectfully,
Andrew Walz
andywalz@gmail.com
612-396-3179
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-Andy Walz
andywalz@gmail.com

First Name
Twila

Last Name
Greenheck

Email
greenhecks@att.net

Address

ATTACHMENT
C
Phone

3333 Owasso Heights Road, Soreview, 55126

With climate change and loss of natural habitat awareness growing it would be unconscionable for the city to allow such damage to a pristine
natural area for just the sake a of a few private property owners. Too much damage has been allowed on Lake Owasso. It must stop now.

Ilona

Rouda

Ilona.rouda@gmail.com

946 Lydia dr, Riseville, 55113

Lou.huebsch@gmail.com

3417 No. Dale St., Shoreview, 55126

Why would this be allowed?

Louann

Huebsch

Why are they trying to build on a protected area? I am so tired of the money game thinking that just because someone has more money to throw
around they can do whatever they want. This is disgusting on every level. Protect what little is left. Period.

Wanda

Schuler

wannie4yu@gmail.com

3935 Centerville Road, Vadnais Heights, 55127

(612) 599-6489

511 Heinel Drive, Roseville, 55113

(651) 600-2782

When will enough land be enough do we have to take every corner

Grant

Young

grant.young@mnsu.edu

What about stormwater runoff into the lake? Could all of the houses have shared access like the one North of 511 Heinel dr to minimize the
impact?
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First Name
Andrew

Last Name
Thomas

Email
andre@psinergy.info

Address

ATTACHMENT
C
Phone

420 S McCarrons Blvd, Roseville, 55113-6952

We've had enough wetland and tree stand destruction in the area. A better use of time and money would be to rehab/rebuild abandoned and
condemned homes.

Arnold

Erickson

denjer@iphouse.com

3301 Owasso Heights RD, Shoreview, 55126

We need to save as much wild areas as we can because it is our duty to protect those areas and the life that depends on them.

Mary

Reyes

mare1364@hotmail.com

2931 Hillsview West, Roseville, 55113

We need to protect our environment and wetlands! I am also concerned about increased phosphorus levels in the lake due to more homes and
yards which will use fertilizer.

Nick

Rudie

Nrudie@gmail.com

2604 Wheeler St. N, Roseville, 55113

We need to protect and conserve our natural environment. Especially on the Owasso wetland. No development improves this area, and eight
private home with lakefront access will be doubt increase boat traffic and human impact in the delicate wetland ecosystem. Our lakes, just like our
parks in Roseville, support a robust biodiversity of animal life. Expanding our human footprint into an established wetland compromises that
balance in the wrong direction.

Kate

Linder

katelinder@comcast.net

631 Heinel Drive, Roseville, 55113

(651) 484-2077

We need to preserve nature right here in our back yar
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First Name
Judith

Last Name
Florine

Email
jaflorine@comcast.net

Address
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1049 Harriet Ln, Roseville, 55113

We must protect wild and wetland areas in Roseville.

Stephanie

Billecke

sbillec1@fairview.org

962 Lydia Ave West, Roseville, 55113

(651) 592-1464

We moved to Roseville 7 years ago. The wetlands and wildlife near our home are the #1 we moved here. We try to live responsibly to protect
these spaces. We actively go out and clean them up each year. Today, I am distressed that this new development may be moving forward without
sufficient regard to impact on our local environment, not to mention on our way of life.
Since we've moved her, I have been disappointed and disheartened to see Roseville developing so much land, cutting down trees to make way
for new buildings. The thought that our wetlands are at risk now, too, is extremely concerning.
Please: We don't need more houses. We don't need more apartments or senior housing—it's far better to redirect those resources to support
the majority of seniors who wish to age in place.
Residents of Roseville would value the INCREASED protection of our wild spaces. While developers make money off the permanent loss of our
wild spaces, every new development chips away at our way of life here in Roseville. These projects are short-sighted. The increased tax base is
not nearly enough to justify the loss of these vital and irreplaceable habitats.

Sara

Wessling

Sara.a.wessling@gmail.com

586 Heinel Drive, Roseville, 55113

We live across the street from the lake and we visit the wetlands regularly. We value the wetlands as a habitat for wildlife and are concerned about
the environmental impacts of this proposed development of lakefront lots.

Amy

Barrett

amygennarobarrett@gmail.com

2613 Wheeler St. N., Roseville, 55113

We like to kayak there and would be very sad to see houses replace the wooded shoreline.
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First Name
Leslie

Last Name
Scherer

Email
Leslie.scherer14@gmail.com

Address
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1000 cobb road, Shoreview, 55126

We greatly value the wildlife and beauty of Lake Owasso, and do not support further development that would further threaten this. Please
preserve what we so love about this area

Joyce

Basham

Jkb7254@gmail.com

2514 Rosetown Ct, Roseville, 55113

We can't keep inserting housing in areas that will have a negative impact in our environment & wildlife. Please do not approve this.

Krista

Eichhorst

krista.eichhorst@gmail.com

Until 2019 I was a resident of Roseville.

renee

pardello

pard0017@umn.edu

1015 Hope St, Apt 220, Mankato MN 56001,
Mankato, 56001

382 McCarrons Blvd No, Roseville, 55113

(612) 816-0878

Turning valuable green space into impervious surfaces without any long-term vision of the consequences seems to be about money-making. Let's
be leaders in valuing our environment for our collective future. Roseville is becoming known for building and developing land with a focus on the
short-term.

Paula

Swanson

mama2wdmb@yahoo.com

2490 N Albert St, Roseville, 55113

Too many green areas and wetlands are being destroyed. I live in Roseville in part because of the green areas, and recently new developments
have been built close to wetland areas which cannot be replaced. The wildlife is displaced and there are not available spaces for them to move to.
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First Name
Barbara

Last Name
Bishop

Email
Bbishop@nac-hvac.com

Address
2789 Aglen Avenue, Roseville, 55113

ATTACHMENT
C
Phone
(651) 230-7764

Tired of all this land development. Moved to Roseville because there was wetlands and wildlife now it is all being built up for expensive homes
and senior living. Where is the wildlife supposed to go? Disappointed
.

Elizabeth

Aslesen

aslesen@yahoo.com

2839 Oxford St N, Roseville, 55113

(515) 882-0813

This will do horrible damage to an ecosystem that has already been stressed. You won't be able to get back what you lose if you continue with
this project.

Susan

Triebenbach

sue9966@gmail.com

185 Skillman Ave W, Roseville, 55113

(651) 788-9343

This wetland needs to be preserved as part of the watershed and filtering of water that we all need. The more and more wetlands including this
one are disturbed and destroyed, the more and more difficult it will be to have enough filtered water. We need to preserve each piece of the earth.
This area does not need more people disrupting the water system so someone can make money. We need healthy green space and healthy
water and lakes. Do not add more housing in this area. It must be preserved

Tam

Quick

tkquick1@comcast.net

4460 Hamline Ave N, Arden Hills, 55112

This same action was stopped 30+ years ago by the corp of engineers because of damage it would cause to the cattails. This was brought to
court and the action was stopped by the courts. Kathleen Anderson had fought this at that time.

MICHELLE

Egan

visaclient@gmail.com

623 Heinel Drive, Roseville, 55113

(612) 240-5101

This project goes against everything Minnesota nature lovers stand for!
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First Name
Brian

Last Name
Ogdahl

Email
tamlogtool@msn.com

Address
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7370 Park View Terrace, Mounds View, 55112

This plan would be detrimental to the environment of Lake Owasso.

Bryan

Wyberg

bryan.wyberg@juno.com

2458 Farrington Cir, Roseville, 55113

(612) 849-1718

This is terribly disappointing news. We need to save what is left of our green space, and especially valuable wetlands such as these. Please
reject this proposal and purchase the lands for city green space/wildlife habitat.

Molly

OBrien

msosbc@gmail.com

1433 Rose Place, Roseville, 55113

johnlutter@gmail.com

818 millwood ave, Roseville, 55113

This is critically important!

John

Lutter

This development will ruin the irreplaceable wildlife habitat in my neighborhood. For that reason, it must not be allowed!

Kathi

Quinn

kathiquinn@rogers.com

9315 Jamestown st NE, Blaine, 55449

(416) 706-1219

This development shouldn’t be allowed for so many reasons. Which politician(s) is / are being paid off to allow this. Have a good look at
campaign contributions from developers. This couldn’t happen without campaign contributions or payoffs.
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First Name
Catherine

Last Name
Foss

Email
Cathyfoss123@aol.com

Address
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458 W Horseshoe Drive, Shoreview, 55126

This development is a travesty. Please reconsider the health of the area lakes, wetlands and wildlife.

Gwendolyn

Werdin

Gwendolyn.werdin@gmail.com

1740 Minnehaha Ave W., Saint Paul, 55104

This area is one of my favorite places to view and photograph wildlife within a short drive of my Saint Paul home. It has been incredibly valuable to
my mental and physical health in the last year. The proposed development interrupts valuable habitat that makes the area enjoyable for more
humans than just those who will have private access.

Jessica

Anderson

jessicaanderson42@gmail.com

912 Brenner Ave, Roseville, 55113

(651) 357-8890

This area is known for its natural spaces, and is part of what draws people to and keeps them in the area. It is unnecessary to sacrifice this critical
community wildlife space for the enjoyment of the few.

Lori

Sandel

malibugirls3@gmail.com

825 heinel drive, roseville, 55113

There should be a serious study conducted regarding the impact on wildlife and water quality.

Christine

Keane

cakeane@yahoo.com

2670 Oxford St No, unit 211, Roseville, 55113

There is no need for more housing on Owasso or in this area. It is already highly populated.
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First Name
Stacy

Last Name
Yoakiem

Email
syoakiem@gmail.com

Address
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1116 County Rd C East, Maplewood, 55109

(612) 703-8658

There is no more room for development in that area. The area is already over developed. Time to take our collective wellbeing out of the hands of
the few who benefit financially. Developer, get rich fast, is a career of the past. Wetland is invaluable for us all, and Minnesota has already been
ripped apart. That thought train is finished. Carbon storage and oxygen production are the products of the future.

Kristine

Simonson

straight_haired_curly@yahoo.
3061 Rice St, Roseville, 55113
com
There is currently an active osprey nest on the southeastern part of these lots. I am very concerned that the ospreys will be disturbed by the
construction or the tree will be removed.

Rachel

Lahlum

rachellahlum@gmail.com

3467 5th St. NE, Minneapolis, 55418

There are plenty of large lakeside homes for sale around the Twin Cities already, and sacrificing this space for eight McMansions is wasteful and
unnecessary.

Caleb

Hansen

alverez98@hotmail.com

185 Edgewater Ave, Shoreview, 55126-3029

There are already plenty of houses on the lake, just leave some nature for gods sake.

David

Pitt

pittx001@umn.edu

987 Lydia Drive, Roseville, 55113

(651) 788-2936

The value of Roseville’s lakes and their surrounding natural areas are far more valuable than the incremental taxes to be realized from their
development. Roseville’s remaining natural areas need protection, not development.
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First Name
Allison

Last Name
Parnell

Email
amparn20@gmail.com

Address

ATTACHMENT
C
Phone

405 S Owasso Blvd W, Roseville, MN

The residents of this lake care about the natural preservation!

Eric

Ogdahl

ogdah005@umn.edu

487 Dayton Ave, St. Paul, 55102

The Minnesota DNR estimates Minnesota has lost 50% of its original wetlands. We can't afford to lose more. Even with wetland banking, once a
wetland is lost or severely degraded, it's hard (and often expensive) to restore its function and biodiversity back to what it was prior to settlement.
We owe it to our natural heritage and our preservation as a species to leave the remaining habitat we have, including this wetland and its
surrounding habitat, in place.

Cathy

Bauer Schuett

carpediem7@gmail.com

3469 Harriet Court, Shoreview, 55126

The lakes, wildlife and green spaces are why we moved to this area. To hear loons calling in the city? An amazing gift. Please please stop
developing our wild spaces.

Eric

Blomquist

ejboom1@gmail.com

3201 36th st ne, Saint Anthony, 55418

The lake is nearly fully developed. There's so little left for water and environmental quality.

Jonathan

Rice

jvrice@yahoo.com

3350 Owasso Hts. Rd., Shoreview, 55126

(651) 329-9463

Thank you, look forward to future updates.
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First Name
Carla

Last Name
Scholz

Email

Rose Pribyl

ATTACHMENT
C
Phone

carscholz@comcast.net

2992 W Owasso, SAINT PAUL, MN 55113,
55113

nerpribyl@gmail.com

2317 West 111th, Bloomington, 55431

Thank you for taking action!

Nancy

Address

(952) 881-2758

Such actions are not mistakes that can be undone. Be good stewards for future generations.

Mary

Dutdall

3old42wheels@comcast.net

2457 Western Avez, Rosevillr, 55113

Stop what you are doing. Leave what we have left alone. No more distruction.

Christine

Podobinski

Chrispodobinski@hotmail.com

3441 Vivian Ave., Shoreview, 55126

Stop building and taring down our wildlife. I thought the land was protected? It should be!!

Kathy &
Latuff
Kathyl319@hotmail.com
2985 Highpointe Curve, Roseville, 55113
Michael
Save the beauty of Roseville!! Let the future generations see and experience the beautiful nature and wildlife of Roseville!

Kurt

Bachmayer

kurt.bachmayer@gmail.com

3045 Patton Rd, Roseville, 55113

Roseville Mayor and City Council: Listen to your RESIDENTS and develop a conscience for the EARTH!!
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First Name
Deirdre

Last Name
Opp

Email
deirdreopp@gmail.com

Address
998 Arbogast Street, Shoreview, 55126

ATTACHMENT
C
Phone
(952) 212-5826

Protection of wetlands is vital. Additional access to the lake is unnecessary. We live nearby and walk this area regularly. Please reconsider your
plans.

Ashley

MacGregor

stanoch@gmail.com

3011 Little Bay Rd, Roseville, 55113

(651) 271-4225

Protect our wildlife! Even if developers technically can develop on this space - they SHOULD not. Think about the long term impacts to our
wildlife, wetlands, water, city and our beautiful state of MN if we continue to push through developments only to make money. Stand up for what
is right and stop this development.

Laura

Noren

laura.noren@gmail.com

1135 Summit Avenue, Saint Paul, 55105

(646) 302-2152

Preserving wetlands and habitat - not only for endangered species, but for MN natives we love to see like loons, egrets, merganzers, and painted
turtles - is critically important. Wealthy people are clever. They'll find other places to locate large homes.

Michael

Dorr

michael.dorr23@gmail.com

952 Goodrich Ave, St. Paul, 55105

(612) 382-3912

dianemhilden@gmail.com

466 Bayview Drive, Roseville, 55113

(651) 488-3678

Preserve the land.

Diane

Hilden

PLEASE!
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First Name
Amy

Last Name
McPartlin

Email
Amymcpartlin@gmail.com

Address

ATTACHMENT
C
Phone

954 w county road B2, Roseville, 55113

Please, no. Leave this bit of nature as it is. Roseville has already destroyed enough woods for housing (on Lexington, near the bog) - please leave
this area as it is.

Debora

Wiod

Woodkrusideb@gmail.com

3029 Victoria Street North, Roseville, 55113

(651) 592-2582

Please stop cutting down all the in Roseville and building houses instead. All the nature seems to be disappearing around us. Päpple move to
Roseville, because it has nature, but it seems, not for long!!

Liz

Hermes

ehhermes@aol.com

2752 Mackubin Street, Roseville, 55113

Janicekaufenberg@comcast.net

522 Heinel Dr, Roseville, 55113

Please save these wetlands.

Janice

Kaufenberg

(651) 402-1744

Please save our precious Lake Owasso and it’s surrounding wetlands. STOP the OVER DEVELOPMENT.

Kristi and
Green
Kristi.green@gmail.com
313 S. Owasso Blvd. W., Roseville, 55113
Jeremy
Please reconsider this development. There is way too much over developing in Roseville and we are losing all of our trees. This development will
be detrimental to the lake and wildlife.
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First Name
Barbara

Last Name
Neilson

Email
Barbara.neilson@comcast.net

Address

ATTACHMENT
C
Phone

3530 Harriet Avenue, Shoreview, 55126

Please preserve this important wetland habitat!

Ronald

Johnson

rjohnson0327@centurylink.net

2210 Milton St N, Roseville, 55113

(651) 324-5107

Smdoree@gmail.com

699 Terrace Drive, Roseville, 55113

(651) 387-9165

calco001@umn.edu

1912 Ryan Ave W, Roseville, 55113

Please keep us informed as to any meetings or other info.

Stephanie

Doree

Please keep our wetlands!

Randy

Calcote

Please don't ruin this wetland for the benefit of a few rich people. Protect this valuable shoreline!

Tina

Hansen

teenhansen@hotmail.com

185 Edgewater Avenue, Shoreview, 55126

(651) 489-4344

Please don't allow MORE wildlife habitat to be destroyed. Thank you.

Page 13 - Printed 5/26/2021

First Name
Margaret

Last Name
Dahlof

Email
margie.walz@gmail.com

Address

ATTACHMENT
C
Phone

208 Greenbriar LN, Buffalo, 55313

(612) 599-2101

Please do the right thing for our fragile environment and not allow this development that only benefits a few wealthy people. I worked in Parks
and Natural Resources for many years and used to live near this area. My family lives near there as well, but this issue is bigger than one single
community - it is a recognition of making decisions that impacts the common good over the enjoyment of a few.

Carolyn

Dehnbostel

kandcdehnbostel@gmail.com

2002 Chippewa Shores, Ely, 55731

(612) 242-9455

Please do not ruin the beauty of the woodland and wildlife just to make a buck.

Julian

Bailey

jmbailey1122@gmail.com

787 County Road B2 West, Roseville, 55113

(361) 688-8227

Please do not destroy this wetland. These houses do not need private access to the public lake.

Karensa

Fischer

Patinapatina@me.com

2049 Western Ave N, Roseville, 55113

(651) 270-3738

Please demonstrate that Roseville cares about the planet and is smart enough to protect the dwindling wetlands!

Mary

Engelun

Mengelun@gmail.com

419 Highway 36, Roseville, 55114

Please consider this petition to protect wildlife in our community!
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First Name
Dana

Last Name
McDonough

Email
Danatova12@gmail.com

Address

ATTACHMENT
C
Phone

3047 rice street, Roseville, 55113

Please consider the wildlife in Roseville an important part of why this city is special to its residents.

Barbara

Kern-Pieh

Bkpieh@umn.edu

15508 Robinwood Drive, Minnetonka, 55345

Our wetlands are too important to our future to squander please protect them for all.

Kathryn

Behm

kjobehm@gmail.com

20 2nd Street NE, 1408, Minneapolis, 55413

(651) 239-2580

Our family lived in Falcon Heights until 2 years ago. Our children had friends as we also did around Lake Owasso. The kids swam in Lake
Owasso. The lake and surrounding area is an oasis in the center of a busy city. The trees and animals are necessary to mental and physical
health. Eight more houses are not. I strongly encourage the city to let the land and marsh remain as is.

Erik

Goddard

9ghi987@f-m.fm

2801 Galtier St, Roseville, 55113

opposed to developing this part of Lake Owasso

Vanessa

Slavens

vanessapeterson23@yahoo.com

2866 Marion St., Roseville, 55113

One of the spectacular parts about living in Roseville is being in an inner ring suburb that still has green spaces and lots of wildlife. I love hearing
and seeing loons near my home and watching deer at dawn on my street and seeing turtles and ducks etc on the ponds and lakes in the area. We
can’t lose these precious environmental gems to oversized development we don’t need.
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First Name
Jennifer

Last Name
Barshack

Email
jenniferbarshack@hotmail.com

Address
955 Lydia Drive W, Roseville, 55113

ATTACHMENT
C
Phone
(651) 271-0306

One of the reasons we chose to move to Roseville in 2007 and raise our family here is because of the quiet neighborhoods, and the beauty of the
wilderness and wildlife. We love to walk and breathe the fresh air, and live with many types of wild animals and birds that make their homes in the
wetlands and forest. Unfortunately, over the 14 years we have lived here, so many new homes and large complexes have been built, destroying
wildlife habitats and changing the very face and feel of this area. This must stop! These changes to the environment to be more and more urban
are not only bad for wildlife but are bad for humans, especially our children. This endangers and destroys animals, devalues our homes and
neighborhoods, and causes more car traffic, pollution, and strain on all of our natural resources. We all know this is about money and not about
the well-being of Roseville residents. I am strongly opposed to more destruction of the natural habitats we dearly love and have come to rely on
for mental and physical health. Please save Roseville from more destruction!

Linda

Sinna

lindasinna@yahoo.com

3116 Victoria st N, Roseville, 55113

(651) 484-6011

Once the wetlands are ruined they are gone!

Kate

Cook

Katejdowning@gmail.com

758 Idaho Ave w, Saint Paul, 55117

My family will soon be moving to a home near this lake. An overdeveloped lake is not what was appealing to this area but the quiet sounds of
nature.

Bonnie

Russ

bonnie.russ@gmail.com

788 Sandhurst Dr W, Roseville, 55113

(651) 387-3996

Managing wetlands, drainage etc. is very complex. It often sets of a chain reaction of unintended problems. One of the most important
advantages of living in Roseville is that the land management and water management has been excellent and we do enjoy the trails, birds, wildlife
that are often not found in a first ring suburb. This development seems to go against all of the planning and management I have been familiar with
in living in Roseville for 37 years.
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First Name
Donna

Last Name
Steinwand

Email
Donnasteinwand95@gmail.com

Address

ATTACHMENT
C
Phone

1424 Skillman Avenue West, Roseville, 55113

Loss of habitat is a significant issue affecting the health of our ecosystem. Wetlands, especially, face existential threats of development and
permanent, irreversible damage. Threatened species face loss of habitat, further endangering their survival. Protect and preserve wetlands, a
unique ecosystem in their own right.

Wendy

Radermacher

W.rader.81@gmail.com

2818 Lakeview Ave, Roseville, 55113

Let’s protect our wildlife habitats vs filling our pockets.

Sharon

Rumans

Minngo4s@yahoo.com

1209 Mary Washington St, Henrico, 23075

Leave this portion be, they will dredge the wildlife area for lake access and eliminate that habitat

Brenda

Wagner

Bren.m.wagner@gamil.com

2990 Farrington St, Roseville, 55113

Leave the wetland and forest stand. These homes are not necessary and will degrade the lake and surrounding area. It is shameful that this
development is being considered. It is shameful.

Kathleen

Tunseth

ktunseth@gmail.com

797 Sextant Avenue, Roseville, 55113

(651) 481-7903

Leave the natural beauty of Roseville alone. Eight fancy new homes are far less important to our city and the esthetic beauty of the Lake Owasso
area than the woods and wildlife in this 6.4 acre site.
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First Name
Jean

Last Name
Eide

Email
Jeaneide@comcast.net

Address
519 Heinel Drive, Roseville, 55113

ATTACHMENT
C
Phone
(651) 245-7979

Lake Owasso is a community asset that should not be negatively impacted for the enrichment of one. Please ensure that any development that
occurs on this site is done with care and considers water quality, wetland destruction, erosion and flooding.

John

Zetzman

johnzetz@gmail.con

2007 Portland Ave, St. Paul, 55104

t1strong@comcast.net

1314 Tiller Lane, Arden Hills, 55112

(314) 780-9856

Keep lake owasso beautiful!

Troy

Strong

Is it really worth a buck to destroy this wetland area and it’s wildlife we enjoy on a daily basis? C’mon. We are better than this !!! Aren’t we?

Mary Kay

VonDeLinde

smkvdl@icloud.com

524 Heinel Drive, Roseville, 55113

Is it possible to "sell" the property to a nonProfit ie Minnesota Land Trust???
Give it to community as a "REILAND MEMORIAL WETLANDS"
Clean up the property and make it a neighborhood nature walk???

Joleen

Riendeau

joaamoth@outlook.com

2657 Marion St, Roseville, 55113

(651) 340-7290

Inhale; stop all of the excess building or soon you will not be able to breath for lack of oxygen.
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First Name
Amy

Last Name
Perkins

Email
amy.soizic.perkins@gmail.com

Address

ATTACHMENT
C
Phone

904 Brenner Ave, Roseville, 55113

In the five years we have lived here, an incredible amount of green space has been eaten up by development. The deer are more scare, and the
number and types of birds we see in our yard has changed. This correlates directly to the development of the forested land on the east side of
Victoria south of Brenner Avenue. This is to say nothing of the acres eaten up by Cherrywood/Applewood/The Pointe and Lexington Landing.
One of the lovely things about moving to Roseville was its abundance of undeveloped land. I have been coming here since my childhood, and
was delighted to see some of what I remembered still intact.
Nostalgia aside, we all know that wooded and wetland areas earn no money, but provide far more for our souls and our earth than money can
buy. Additionally, the benefits of intact and functioning wetlands cannot be replaced or overstated.
I urge the powers that be to reconsider an investment in something that benefits ALL and hurts none, vs. a development that will benefit few and
damage all.
Sincerely,
Amy Perkins

Don

Greenheck

greenhecks@att.net

3333 Owasso Heights Road, Shoreview, 55126

In the 50 years I have lived across from Lake Owasso I have witnessed the destruction of natural habit and development of homes for the sake of
a few owners. The lake is a valuable asset to our community and state and should be preserved. Cutting trees down and building lots destroys the
plants and animals that now live in this habitat.

Scott

Henry

adhank@aol.com

1807 Alameda Street, Roseville, 55113

I've driven past this proposed development hundreds of times. The lakeshore and water area just out from the shoreline are great habitat for
wildlife, but would not provide a satisfying environment for most humans looking for a Minnesota lakeshore experience. It's shallow. During the
last half of the summer, the area is covered in thick algae. Mechanically powered watercraft in the area would cause a major disruption to the
existing ecosystem. Please decide to leave well-enough alone and allow this urban lake habitat to continue to exist in its current state by denying
any permit to develop this area.
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First Name
Leslie

Last Name
Martin

Email
Lesliemartinpr@gmail.com

Address

ATTACHMENT
C
Phone

823 Ct, Mendota Heights, 55120

I used to live in this area and still visit to see birds and enjoy the natural area. Please preserve this precious space.

Kathleen

Lopac

Kathleen.Lopac@gmail.com

1005 Gramsie Rd, Shoreview, 55126

I understand the intense desire for more homes in this area. I just sold my Roseville home and we are still searching for something else, but have
been unable to find something in the current market. Part of what makes this area so special is the natural areas. Please protect what is left of
the natural elements for all of the current residents and do not sacrifice them for the private enjoyment of a few more.

Julie

Noren

julie.noren@gmail.com

2733 10th Ave S, Minneapolis, 55407

I own a landscaping company that focuses on preservation wetlands and restoration of native plant communities adjacent to wetlands--Light Dark
Landscape. We have installed several projects in this area that were designed by Ramsey-Washington Metro Conservation District to preserve
water quality in lakes by creating buffer zones to filter stormwater. Please don't develop this area any further--wetlands are such an important
part of protecting healthy water and not only habitat for wildlife and pollinators but quality-of-life for MN residents.

Beth

Lewis

bal588@comcast.net

588 Terrace Courte, Roseville, 55113

(651) 484-0440

I lived on West Owasso Blvd. with lake access for 16 years and then south of the lake for 23 years. I am very concerned about the environmental
impact of this proposed project, especially wetland destruction.

Jodi

Lorence

Jodilorenc@aol.com

5061 Edgewood Drive, Moundsview, 55112

I lived on lake Owasso for a lot of my life and this area was always so peaceful and so full of landscape. We need no other homes in that area. It is
so close to the beautiful parks in roseville and why would you want more hosting in this very beautiful wetlands area. So senseless!!! Please leave
some land in the city as a natural habitat.
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First Name

Last Name

Email

Jean

Nix

jean_nix@hotmail.com

Ray

Larson

raymlarson@gmail.com

Address

ATTACHMENT
C
Phone

108O County Road D West Apt 12, Roseville,
55126
I lived in this area as I was growing up and am disturbed about what is happening to our wildlife areas. Example: the wooded areas on Lexington
Ave south of Lake Josephine that are being turned into a group of overcrowded and, so far, unattractive townhomes. Lake Owasso is a beautiful
spot; this just can’t be turned into a development of homes! The proper start needs to be an environmental impact study.

4619 N Salem Place, Prescott Valley, 86314

(651) 492-9187

I lived 3 blocks away from Lake Owasso for 11 years. Don't ruin it!

Jessica

Waage

jess.waage@gmail.com

841 Cope Ave W, Roseville, 55113

I live very close to the proposed development, and I moved here specifically because of how beautiful and well protected the environment was.
Please respect nature and all the "regular" people who live in the area, don't allow our beautiful community to be mined and sold by the wealthy.

Constance

Gruen

cgruen50@gmail.com

2680 Oxford St N #128, Roseville, 55113

I live in the condos at Co. Rd. C and Oxford St. N. I do believe that -- minimum! -- an environmental study SHOULD be conducted before any
development is approved on and so close to Lake Owasso! This is not the kind of infill that should automatically be approved, and especially for
expensive and individual houses.
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First Name
Sherri

Last Name
Varsho

Email
Sbvarsho@aol.com

Address

ATTACHMENT
C
Phone

218 N Owasso Blvd, Shoreview, 55126

I have lived on Lake Owasso my entire life. Seeing the Lake Owasso county park destroyed was absolutely heartbreaking. Trees replaced with
asphalt, large picnic shelters replaced with asphalt. Park size decreased and ruined by the “nature park” theme which sounds great, but is full of
splinters, splitting logs and bees nests. Destruction of nearly 100 trees. Up the street on N. Owasso Blvd, 2 acres of woods was clearly to make
room for 10 homes of HUGE size. Now more development which will again destroy areas for animals and nesting birds as well as creating
eyesore for a beautiful shoreline.
STOP THE DESTRUCTION!
STOP OVERDEVELOPING!
STOP RUINING THE LAKE!

Steve

Pieh

Swpieh@icloud.com

15508 Robinwood Drive, Minnetonka, 55345

(952) 932-0751

I have enjoyed paddling on the lake many times. Protecting local wetlands is an important step that forward looking leaders need to follow, both
for current residents and future generations to come.
The proposed changes would have a permanent negative impact on the lake.
Please review the proposal again with that long term impact in mind.
Thank you.

Jennifer

Otto

ottojb@comcast.net

4261 Westview Dr, Shoreview, 55126

(651) 452-0605

I grew-up near Lake Owasso, often swimming and fishing in our nearby lake. Losing those wetlands are a blow to the ecosystem of the entire
area, including Shoreview. Habitat lost to construction is an environmental nightmare for Roseville, it's residents and surrounding communities. Be
prudent and just. Do the right thing and require an environmental analysis.

Nick

Miller

Nmiller4575@juno.com

1151 Edgcumbe Road #1715, St Paul, 55105

I grew up in this area, and I am extremely opposed to further development of Lake Owasso.
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First Name
Laurel

Last Name
Pass

Email
laurelpass@gmail.com

Address

ATTACHMENT
C
Phone

8821 61 1/2 Ave N, New Hope, 55428

I grew up in Roseville and it is truly a hidden gem - would hate to see more development driving away wildlife

Ella

Sneltjes

sneltjella@gmail.com

1054 Glen Paul Ct, SAINT PAUL, 55126-8113

(651) 245-5951

I grew up going to friends houses on this lake and it is an absolutely beautiful piece of land that needs to be protected. I also have many family
friends that live on the lake that would be devastated if anything bad were to happen to such a huge part of their home.

Linda

Eckman

threshgirl@gmail.com

15925 38th Avenue North, Plymouth, 55446

(612) 597-5569

I can't work this signature thing, but I can help the environment!

Peter

Tanghe

Tanghems@comcast.net

234 Ryan Ave, St. Paul, 55102

I boat and fish on Lake Owasso. I don’t believe additional development here would add to the overall quality of the lake and Would in fact detract
from it.

Sherry

Gwegorryn

Argwynt@gmail.com

1447 Rose Place, Roseville, 55113

I bike by here all the time. It is beautiful and needs protection, not luxury homes.
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First Name
Michael

Last Name
Walz

Email
michaeljwalz@gmail.com

Address

ATTACHMENT
C
Phone

389 S. Owasso Blvd. West, Roseville, 55113

(218) 820-1556

I appreciate the careful consideration given to this issue. We have one chance to do it right. Generations to come will know the impact of our
stewardship.

Teresa

McDonald

trmcdonald2@gmail.com

2982 W. Owasso Blvd, Roseville, 55113

(651) 235-7856

I apologize if this is a duplicate signature, as I tried once before, but do not believe my comments went through. I have serious concerns after
reviewing the Request for Planning Commission Action Application. I am a property owner on Lake Owasso and grew up boating on this lake. This
end of the lake needs to remain a wetland for the health of the lake. The DNR and the City of Roseville must do everything in their power to put the
environment, the wildlife, and conservation over profit. We do not need to destroy this wetland, but that is exactly what you are proposing to do. If
you must build homes on this busy curved stretch of road, do not extend their property lines to include lake access! Allow these owners a view of
the wetland, but no rights to alter it.

Karyl & Joel

Hoeger

Karylkarolina@gmail.com

589 Redwood Lane, New Brighton, 55112

I am very concerned how this development would affect this amazing and beautiful Lake and Natural Area. Please reconsider allowing this. Thank
you.

Linnea

Tani

linneat.54@gmail.com

809 Millwood Avenue, Roseville, 55113

I am absolutely opposed to the destruction of important wetlands just so a few people can live on a lake. We are better than this!
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First Name
Ann

Last Name
Severson

Email
annseverson@msn.com

Address

ATTACHMENT
C
Phone

617 S Owasso Blvd W, Roseville, 55113

(651) 481-3125

I agree with everything stated in this petition. I am appalled that this is being considered. This project would be extremely destructive to the
natural environment in that location. It is worth preserving for the vegetation and wildlife that exist there as well as for Roseville residents to enjoy
nature. This is what has made Roseville great, is that we have parks and scattered natural areas such as this. Please don't destroy this area!!!! We
need these places in Roseville. I have seen a number of areas in Roseville succumb to development recently which involved the removal of some
of my favorite treed areas. This is simply over development. Lake Owasso is not that big of a lake but usage is OK now; it needs to be left alone
with no more growth/development!

Marc

Olivier

molivier1.geo@yahoo.com

845 County B Road West, Roseville, 55113

(651) 488-0722

Green space is in short supply in Roseville, and frankly is as critical to mental health of residents as the environmental aspects is to water quality
and wildlife. The increasing number of high(er) density housing developments in the city requires an offset of green space, or you're going to
create an unmanageable, undesirable situation for current and future generations. The city once took it upon itself to place a moratorium on
subdividing residential lots, on pretext it negated the uniqueness of Roseville, and perhaps long-term desirability of housing. The current
development consideration is no different.

Amy

Rogers

amysdomain@gmail.com

240 Maple Lane, Roseville, 55113

FOR THE LOVE OF GOD, Roseville, STOP DEVELOPING!!!

Carla

Johnson

theswede1952@hotmail.com

455 Southhill Drive, Roseville, 55113

(651) 892-8063

Excellent job in pulling this altogether. Thanks for the opportunity to participate. Carla Johnson
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First Name
Marjie

Last Name
Carr-Oxley

Email
Gr8houndsrock@gmail.com

Address

ATTACHMENT
C
Phone

2054 Giesmann Street, Roseville, 55113

Enough! Roseville has already lost far too much of our green space to development and housing. Stop stealing habitat and trees from our wildlife
and desecrating our wild spaces to shove more taxpayers into our city. Trees, not concrete are what we and our planet need and deserve to cool
the climate and give us clean air to breathe. Roseville used to be a beautiful city with wonderful green spaces, but more and more its charm, heart
and health are disappearing. I say NO to this project. Protect this wetland. Please.

Joyce

Greenstein

jlg15@comcast.net

2995 Frattalone Lane, Little Canada, 55117

Don't tear down any trees, please! The City/County has already ruined the beach on the north side of the lake. They removed a comforting bench
and many beautiful oak trees, which provided shade for beach-goers. They graded the beach area and there is way less grassy area and you
have to climb up and down a hill for access to the beach unless you want to go way around and come in from the west side. They turned it into a
concrete jungle with many huge square areas of concrete and an overly large concrete walkway. Totally ruined the beach. Plus, there isn't
enough sand at the beach and the sand is full of rocks. Why would you overdevelop another part of the lake and destroy the wetlands, the
environment and creatures that live there for a few homes? Scandalous!

Mary Lou

Mohn

mleg20@juno.com

325 County Road C2 W, Roseville, 55113

Don't know how to sign this on my laptop. Never used this format for signature before & don't know how to erase the line on the h.

Edward

Roberts

ejr87@yahoo.com

3022 W. Owasso Blvd, Roseville, 55113

(612) 803-7182

Concerned that the different agencies and City Council are all relying on each other to address the concerns about this development. As a result
nobody is looking to the greater environmental impact that crosses all domains, from lake, wetlands and above normal high water levels.
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278 McCarrons Blvd N, Roseville, 55113

(651) 487-3513

C'mon Roseville! This is getting ridiculous!

Brad

Wieck

bcwieck@gmail.com

6464 Crosby Ave, Inver Grove Heights, 55076

As someone who grew up on the north side of this lake (Horseshoe Dr), this development would be a detriment to a twin cities treasure.

Nikki

Bentley

thenikkibentley@gmail.com

337 Floral Dr. W, Shoreview, 55126

(701) 261-2894

An environmental analysis should be required for a development of this magnitude. My husband grew up on the lake and we both are avid anglers
that frequently fish Lake Owasso, although we’ve fished it less since the fish kill in 2013 and since the carp infestation began to take over. An EIS
should be the bare minimum for what should be taken into consideration and the DNR should most definitely be involved prior to any
development.

Timothy

Junker

timmahj@gmail.com

2853 Victoria St N, Roseville, 55113

(651) 341-6652

Absolutely terrible if these homes are built. 100% need to save this land and wetland.

Sarah

Montgomery

smontgomery75@gmail.com

965 Transit Ave, Roseville, 55113

(612) 396-3363

A small number of people looking to have egregious personal/private space should not be given the preference to reduce the ever important
resource of natural spaces. Please do an environmental analysis on this.
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Tom

Snavely

thomasjsnavely@yahoo.com

624 HEINEL DR, Roseville, 55113-2150

Michelle

Cahill

cahillm7@gmail.com

429 Idaho Avenue West, Apt 29, St Paul, 55117

Holly

Berg

hollylberg@gmail.com

15545 57th Ave N, Plymouth, 55446

William

Lew

bill.lew.north@gmail.com

14805 44th Pl N, Plymouth, 55446

James

Badzinski

Badzinski@aol.com

385 south Owasso Blvd West, Roseville, 55113

Jamie

Severson

jamie.severson@live.com

1726 maple lane, Roseville, 55113

Lane

Patten

Lcpatten@yahoo.com

12355 Princeton Ave., Eden Prairie, 55347

Parissa

Delavari

parissaparissa@hotmail.com

4600 Ewing Ave South, Minneapolis, 55410

(650) 580-9893

(612) 968-3226

(612) 481-0772
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Andrew

Bettmann

andrewbettmann@gmail.com

1025 Woodhill Drive, Roseville, 55113

SchaOn

Blodgett

schaon@psinergy.info

420 S McCarrons Blvd, Roseville, 55113

Tracy

Hartmann

trhartmann@gmail.com

2512 W Franklin Ave, Minneapolis, 55405

Chris

Palmer

palmercj22@gmail.com

2405 Silver Ln NE, St. Anthony, 55421

Jeffrey

Elder

jeffreynelder@gmail.com

6696 Mulberry Circle, Chanhassen, 55317-8408

Nicholas

Busch

Busch.nicholas@gmail.com

2893 Knox ave South apt 501, Minneapolis,
55409

Abby

Matter

amatter001@luthersem.edu

1435 Jessamine Ave W, Apt #106, St Paul,
55108

Jayson

Pereira

pereiraman@hotmail.com

4028 Upton Avenue South, Minneapolis, 55410

(612) 217-4325

Page 29 - Printed 5/26/2021

First Name

Last Name

Email

Address

ATTACHMENT
C
Phone

Craig

Matticks

craigmatticks@gmail.com

2021 Sheridan Avenue South, Minneapolis,
55405

Karen

Wyatt

Karenwyatt7@gmail.com

3925 Drew Ave S, Minneapolis, 55410

(612) 821-0123

Marc

Conterato

borealismcs@gmail.com

6705 Limerick Lane, Edina, 55439

(612) 817-7100

Natalie

Krinn

Nataliekrinn@gmail.com

14200 56th Ave N, Plymouth, 55446

ben

dolan

dolanben@gmail.com

4349 browndale ave, saint louis park, 55424

Kelly

Milkus

kmilkus@gmail.com

4916 Clinton Avenue, Minneapolis, 55419

Damon

Cashman

dmcashman14@gmail.com

6510 Shadow Lane, Chanhassen, 55317

Robert

Deisz

rjdeisz@gmail.com

2711 W 47th St, Minneapolis, 55410
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Jane

Schumann

jane@mmwaterjet.com

187 Big Circle Drive, Little Canada, 55117

Lindsey

Zellman

lindsey.zellman@gmail.com

10400 38th Ave N, Plymouth, 55441

Deanna

Ortiz

Dmclasen@gmail.com

1951 Malvern St., Lauderdale, 55113

Megan

Anderson

Megan.anderson.6@ndsu.edu

7360 Concerto Curve, Fridley, 55432

Tom

O'Connor

odouls78@gmail.com

3438 Girard Ave S, 201, MINNEAPOLIS, 55408
-4707

(612) 386-5186

Rajeev

Tandon

rajeev@venusconsulting.com

823 Brenner Avenue, Roseville, 55113

(651) 269-5113

Carolyn

Pugh

Carolyn915@msn.com

915 Grandview AVe W, Roseville, 55113

Danielle

Flanagan

danielleflan02@gmail.com

3110 149th Ave NE, Ham Lake, 55304

(651) 271-3241
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Bailey

Rhoades

B.marmesh@gmail.com

3347 Johnson st ne, Minneapolis, 55418

Margarita

Arista

margarita.arista@yahoo.com

1241, Maplewood, 55109

Lisa

Foy

Nurse.lisa.foy@gmail.com

2775 Lexington Ave No, Apt 114, 55113

Anna

Eldridge

annapalkie@gmail.com

417 Woodhill Drive, Roseville, 55113

Jaci

Fagen

Jacifagen@icloud.com

499 Snelling Ave s, Saint paul, 55108

Kat

Johnson

Katjohnson191@gmail.com

1246 Draper ave, Roseville, 55113

Henry

Ning

mrhenryning3@gmail.co

215 County Rd B2 E, Apartment 257, LITTLE
CANADA, 55117

Keith

Dehnbostel

keith.dehnbostel@gmail.com

1601 Woodbine Lane, Brooklyn Center, 55430

(651) 230-6892
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Timmon

Lund

timmonl@hotmail.com

7282 NE Birch Isle Rd, Duluth, 55803

Jill

Bailey

jillmbailey@gmail.com

24075 Hickory Blvd., Belle Plaine, 56011

Paul

McNamee

paul.mcnamee@juno.com

3030 W Owasso Blvd., Roseville, 55113

Doug

Kleemeier

daklee928@gmail.com

2977 Woodbridge St, Roseville, 55113

Joseph

Eckberg

joeeckberg@gmail.com

3021 Chatsworth St N, Roseville, 55113

Theresa

Las-Peters

tlaspeters7@gmail.com

984 Lydia Drive W Roseville, MN 55113,
Roseville, 55113

Philip

McDonald

Phil@woodturner.org

3032 Sandy Hook Drive, Roseville, 55113

Taylor

Adams

tsa29@cornell.edu

4015 County Rd 25 Apt 414, St. Louis park,
55416

(651) 402-4328

(651) 324-2336
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Philip

Pederson

sampederson13@gmail.com

725 Heinel Drive, Roseville, 55113

Cameron

Hintzen

cphintz@live.com

455 S McCarrons Blvd, Roseville, 55113-6911

Leigh

Block

feelthebreeze98@msn.com

287 Roma Avenue, Roseville, 55113

Shawn

Deboer

DeBoer.shawn@gmail.com

1148 ruggles street, Roseville, 55113

Patrick

Coleman

coleman.pk@gmail.com

428 S McCarrons Blvd., Roseville, 55113

Mike

Woodruff

mikewoodruff@gmail.com

1137 Ruggles St, Roseville, 55113

Abe

Hanson

abram.hanson@gmail.com

1149 Summer St., Roseville, 55113

Amelia

Colwell

ameliacolwell@gmail.com

1168 Ruggles Street, Roseville, 55113

(952) 270-0301
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Melynda

Falkowski

majfalkowski@gmail.com

1134 Ruggles St, Roseville, 55113

Ole

Olmanson

Oleolmanson@gmail.com

1128 Ruggles St, Roseville, 55113

Sarah

Johnson

spjohnson418@gmail.com

428 McCarrons Blvd So, Roseville, 55113

Natalie

Borgos

Nasautner@gmail.com

2884 W Owasso Blvd, Roseville, 55113

Jacob

Ankeny

jacobsankeny@gmail.com

3010 Sandy Hook Drive, Roseville, 55113

Christopher

Martineau

cmartineau@jmlegal.com

3375 Chandler Road, Shoreview, 55126

Jean

Pederson

jeanpederson@gmail.com

725 Heinel Dr, Roseville, 55113

Margaret

Karger

margaretkarger@yahoo.com

3399 Kent St. #208, Shoreview, 55126

(507) 380-0548

(612) 382-4542
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Ann

Hermes

Annmhermes@yahoo.com

2750 Dale St. N. #47, Roseville, 55113

Michael

Hermes

Mikeandannhermes@edinarealty
.com

2750 Dale St. #47, Roseville, 55213

Ann

Starr

annstarrinthesky@gmail.com

2986 West Owasso Blvd, Roseville, 55113

Keith

Ketchmark

kketchmark@mnenduro.com

3456 Victoria St N, Shoreview, 55126

Rob

Vanhout

Rob.vanhout@bestbuy.com

831 Heinel Drive, Roseville, 55113

Ken

Sherwood

ken@kensherwood.com

2839 Aglen Ave, Roseville, 55113-2002

(651) 407-1704

Steven

Steck

stecksteven@yahoo.com

2881 Kent St, Roseville, 55113

(805) 390-7131

Philip

Peterson

woodworkerphil@gmail.com

3195 Vivian Ave, Shoreview, 55126

(651) 343-4230
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Susan

Strohschein

peteysue@comcast.net

3195 Vivian Ave., Shoreview, 55126

Jason

Nelson

jdn.mpls@gmail.com

3415 chandler road, Shoreview, 55126

Tracy

Foley

Tracy1sc@aol.com

730 Amber Drive, Shoreview, 55126

Yvonne

Shuda

wezky@hotmail.com

641 Heinel Drive, Roseville, 55113

Sarah

Belde

oman1975@hotmail.com

850 Sextant Ave W, Roseville, 55113

Darlene

Zappa

darlenezappa1@gmail.com

2690 Oxford St North, Roseville, 55113

Katherine

Snavely

katsnavely@hotmail.com

624 Heinel Dr, Roseville, 55113

(651) 489-8474

Debora

Quant

Debbie@quant.us

3370 Chandler Road, Shoreview, 55126

(651) 483-3148
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Claudia

Vincze Turcean

Vincz003@umn.edu

2830 Aglen St, Roseville, 55113

Sydney

Silko

sydsilko@gmail.com

234 E Owasso Ln, Shoreview, 55126

Lisa

Turnquist

tomniet@comcast.net

996 Cottage Place, Shoreview, 55126

Neil

Schnagl

nachnagl@live.com

557 S Owasso Blvd W, Roseville, 55113

Darrick

Proehl

dwproehl@gmail.com

3009 Holmes Ave S, Apt 508, Minneapolis,
55408

Connie

Meyer

cmeyer3206@yahoo.com

3206 West Owasso Blvd, Shoreview, 55126
-4138

Kris

Betker

Kmbetker@gmail.com

4001 Ensign Ave N, Minneapolis, 55427

Phillip

Laverdiere

Phillaverdiere@yahoo.com

440 West Horseshoe Drive, Shoreview, 55126

(651) 308-2425
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Karen

Rudd

klrudd@comcast.net

619 Heinel Drive, Roseville, 55113

(651) 235-3961

Stephen

Rudd

scrudd@comcast.net

619 Heinel Dr, Roseville, 55113

(651) 245-9784

Steven

Aanenson

steve.aanenson@olddutchfoods.
com

3314 Owasso Heights Road, Shoreview, 55127

(612) 802-7249

Kate

Graham

kate.z.graham@gmail.com

817 County Road B W., Roseville, 55113

(651) 387-3445

Maureen

Murphy

m.r.murphy@att.net

122 Demont AV E #163, Little Canada, 55117

David

Ross

rossdg107@gmail.com

3545 Owasso Street, Apt 205, Shoreview, 55126

Sarina

Long

Sarinablong@gmail.com

2947 Victoria St N, Roseville, 55113

Caitlin

Maus

caitlin.maus@gmail.com

2074 Cohansey Blvd, Roseville, 55113

(651) 483-0226

(612) 207-1521
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Justin

Kroeger

Justin.c.kroeger@gmail.com

234 E Owasso Ln, Shoreview, 55126

Christopher

Caesar

caesaroni@yahoo.com

242 16th Ave. NW, New Brighton, 55112

Minoosh

Sherwood

minsherwood@hotmail.com

2839 Aglen Ave., Roseville, 55113

Josh

Carroll

carroll.josh.m@gmail.com

455 S Owasso Blvd W, Roseville, 55113

Stacey

Mazuelas

Staceymazuelas@gmail.com

3425 Chandler Rd, Shoreview, 55126

(612) 817-9363

Jose

Mazuelas Rogado

Jmazuelas@hotmail.com

3435 Chandler rd, Shoreview, 55126

(651) 783-2229

JOLANDA

WHATTON

jolanda2482@gmail.com

3065 Rice St, Roseville, 55113

(651) 278-9686

Diana

Magnuson

Dmagnuson4@gmail.com

2692 Victoria St N, Roseville, 55113
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Dan

Boerigter

boerigter@comcast.net

436 W Horseshoe Dr, Shoreview, 55126

Lauren

Tran

mail.laurentran@gmail.com

333 South Owasso Blvd W, Roseville, 55113

Dan

Irvine

irvidani29@yahoo.com

3016 Woodbridge St, Roseville, 55113

Michael

Fairman

Mfairman21@gmail.com

3199 W Owasso Blvd, Shoreview, 55126

Ann Marie

Connor

am-connor@att.net

1080 County Rd D West, Apt 24, Roseville,
55126-3766

Jaime

Willoughby

jbwerkme@gmail.com

3351 Emmert St, Shoreview, 55126

Brett

Haugen

haugenbp@gmail.com

3349 Owasso Heights Rd, Shoreview, 55126

Heather

Rasmussen

Hjrasmussen@mmm.com

3236, Owasso Heights Road, Shoreview

(613) 741-5694
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Maria

Vincze

maria.k.vincze@gmail.com

340 Stanbridge Circle, Roseville, 55113

Erik

Rasmussen

Erasmussen74@gmail.com

3236 Owasso Heights Road, Shoreview, 55126

(612) 816-4273

Dana

Van Hout

danavhout831@gmail.com

831 Heinel Drive, Roseville, 55113-2124

(612) 669-4407

Guinevere

Ganzel

Guinevereganzel@gmail.com

2795 lakeside ct, Little Canada, 55117

Liz

Hinz

liz.hinz356@gmail.com

3160 West Owasso Blvd, Roseville, 55113

Tom

Molloy

henwop4@msn.com

746 Lovell Ave, Roseville, 55113

gloria

anderson

Andersongloria@gmail.com

2982 Farrington st, Roseville, 55113

Patrick

McBride

Pdrewm@hotmail.com

800 Heinel Drive, Roseville, 55113
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Cecilia

Warner

cawarner@iphouse.com

459 Centennial Dr, ROSEVILLE, 55113

(651) 787-0985

Ives

Wittman

ives.wittman@gmail.com

767 Heinel Dr, Roseville, 55113

(612) 741-2152

Nathan

Yueh

njyueh@me.com

2735 Hemlock Ln N, Plymouth, 55441

Kathy

Wilkolak

Kathy.Wilkolak@gmail.com

574 owasso hills drive, Roseville, 55113

Sheila

Williams Ridge

sheilas2nd@aol.com

801 Terrace Drive, Roseville, 55113

Chelsea

Anderson

chels3.anders@gmail.com

605 Harriet Ave, Shoreview, 55126

Sally

Karlen

dockarlen@comcast.net

693 Heinel Circle, Roseville, 55113

Susan

McMahon

susanmjmac@gmail.com

311 Burke Ave W, Roseville, 55113
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Alexis

Varner

919420@isd624.org

3621 Edgerton St, Vadnais Heights, 55127

Victor

Stucynski

thestucynskis@aol.com

3140 Christopher Lane, Shoreview, 551267

Karen R

Fischer

krf2007@gmail.com

2049 Western Ave N, Roseville, 55113

Stephen

Shuman

sshuma001@gmail.com

793 Millwood Ave, Roseville, 55113

Joseph

Held

joe@joeheld.com

3094 W Owasso Blvd, Roseville, 55113

Cheryl

Walden

Katladydu@hotmail.com

718 Wheelock Pkwy w, St paul, 55117

Danica

White

Dncaia@live.com

2012 SE Como Ave, Minneapolis, 55414

Molly

Angstman

mollyjaneangstman@gmail.com

1559 34th Avenue South, Moorhead, 56560

(612) 715-4766
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Gary

Tjosaas

gtjosaas@hotmail.com

204 9 th st s, Moorhead, 56560

(218) 433-0250

Donald and
Carol

Haslach

ddclhh@msn.com

468 Hilltop Ave, Roseville, 55113

(612) 849-0855

Jamie

Miller

mayme003@yahoo.com

1597 26th Ave NW, New Brighton, 55112

Sara

Tjosaas

gtjosaas@hotmail.com

204 9TH ST S, MOORHEAD, 56560

Kurt

Koppelman

kurt.koppelman@gmail.com

585 Heinel Dr, Roseville, 55113

Charlene

Benepe

Charlenebenepe@yahoo.com

370s mccarrons blvd, Roseville, 55113

Amy

Lopez

alopez519@gmail.com

628 Heinel Drive, Roseville, 55113

Andrea

Horsman

andinore@yahoo.com

3020 Sandy Hook Dr, Roseville, 55123

(701) 361-8947
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Rhianna

Stave

rhiannastave@comcast.net

2053 Western Ave N, Roseville, 55113

Michelle

Hochstatter

Michelleschussler@gmail.com

3713 Blackhawk Rd, Eagan, 55122

John

Hochstatter

johnhochstatter01@gmail.com

3713 Blackhawk Rd, Eagan, 55122

Bonnie

Amundson

bonnie@theamundsons.com

618 N Owasso Blvd, Shoreview, 55126

Matthew

Tjosaas

matthewtjosaas@gmail.com

375 S OWASSO BLVD W, SAINT PAUL, 55113

Susan

Balfanz

susanbalfanz@yahoo.com

1945 Lakeaires Blvd, White Bear Lake, 55110

Michael

Downes

mdownes23@yahoo.com

1859 Snelling Ave N, Falcon Heights, MN

April

Bartoletti

aprilclaire@gmail.com

311 12th Ave NE, Minneapolis, 55413

(612) 751-0728
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Roland

Wells

Roland@RolandWells.com

609 South Owasso Blvd W, Roseville, 55113

(651) 483-6323

Paul

Severson

paul.severson7@gmail.com

617 S Owasso Blvd W, ROSEVILLE, 55113

(651) 481-3125

Alyssa

George

alyssa.rm.george@gmail.com

6346 OTTER LAKE RD, SAINT PAUL, 55110

Eileen

Hochstatter

Slp2@comcast.net

10 Windsor Court #311, New Brighton, 55112

James

Sorenson

jsorens2@gmail.com

4244 19th Ave S, Minneapolis, MN

Mickie

Dent

dentmickie@gmail.com

3156 Hafner Ct, Shoreview, 55126

John

Bailey

jobailey@frontier.com

24075 Hickory Blvd., Belle Plaine, 56011

Ryan

Murphy

rmurphy770@yahoo.com

2830 Aglen Street, Roseville, 55113
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Meg

Donnelly

Meg.donnelly1@gmail.com

2041 Montreal Ave, St. Paul, 55116

Joyce

Bailey

jobailey@frontier.com

24075 Hickory Blvd., Belle Plaine, 56011

Logan

Mitton

logan.mitton@gmail.com

311, Minneapolis, 55413

Justin

Scanlan

justinscanlan@cox.net

1418 West 26th street, Minneapolis, 55405

Jessica

Downes

downes.jessica@gmail.com

1859 Snelling Ave N, Falcon heights, 55113

Cindy

Joyce

Cynjoy1@gmail.com

2466 Farrington Circle, Roseville, 55113

Kaitlyn

Rolando

kmrolando@iCloud.com

2041 Montreal ave, St Paul, 55116

Jaclyn

Bailey

bailey.jaclyn@gmail.com

375 S Owasso Blvd W, Roseville, 55113
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Aubrey

Wilson

Aubreymariewilson@gmail.com

682 Shryer Ave W, Roseville, 55113

Josh

Kath

jkath33@gmail.com

3079 Sandy Hook Drive, Roseville, 55113

Valerie

Kath

jvkath@gmail.com

3079 Sandy Hook Dr, Roseville, 55113

Tyanne

Voged

Vogest@yahoo.com

5201 3rd St Ne apt 304, Fridley, 55421

Lisa

Pallo

Lpallo@msn.com

736 ArbogastSt., Shoreview, 55126

Jason

Nelson

Jdn.mpls@gmail.com

3415 Chandler Rd, Shoreview, 55126

Michael

Iwerks

mikeiwerks@comcast.net

4285 Nancy Pl, Shoreview, 55126

Andrea

Medina

Ajweiske@hotmail.com

6310 Able St NE, Fridley, 55432
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Jill

Roberts

skijill2@yahoo.com

3022 W Owasso Blvd, Roseville, 55113

(612) 308-7153

Liz

Jennings

lizjennings75@gmail.com

3280 WEST OWASSO BLVD, Shoreview, 55126

(612) 386-1419

Ann

Bierscheid

abierscheid@hotmail.com

796 Millwood Ave, Roseville, 55113

Gina

Schroepfer

schr0342@umn.edu

2830 Lakeview Ave, Roseville, 55113

Teresa

Miller

Tlemillerwrites@gmail.com

2883 Condit Street, Little Canada, 55117

Gaby

Zappia

gabyzappia@me.com

645 Randy Ave, Shoreview, 55126

Daniel

Borgos

dan.borgos@gmail.com

2884 W Owasso Blvd, Roseville, 55113

Kathryn

Werdin

Kathryn.werdin@gmail.com

664 Terrace dr, Roseville, 55113

(920) 277-3114
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john

eagle

johnheagle@gmail.com

3025 Highpointe Curve, Roseville, 55113

Justin

Hooper

Justin@ppfive.com

2435 victoria st n, Roseville, 55113

Michele

Edwardson

Shellye49@gmail.com

985 Lydia Drive, Roseville, 55113

Maria

Nellessen

Mariagorham@hotmail.com

1381 Floral Drive West, Arden Hills, 55112

Sean

Murphy

mrmsean24@gmail.com

3595 Owasso Street, Shoreview, 55126

Mary

Kosel

kosel419@yahoo.com

419 Centennial Drive, Roseville, 55113

Nan

Carlson

ncarlson5@hotmail.com

3088 Sandy Hook Drive, Roseville, 55113

Jon

Solberg

jon.solberg13@gmail.com

2619 Herschel street, Roseville, 55113

(920) 716-8890
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Minori

Carlsson

Minoricarlsson@gmail.com

5921 Ridge Creek Road, Shoreview, 55126

Vincent

Garramone

vgarramone@gmail.com

933 Montana Ave W, Saint Paul, 55117

Cody

Mehlhorn

codymeh@gmail.com

2585 Fry Street N, Roseville, 55113

(651) 253-2443

Luann

Landkamer

Rsvfamily5@gmail.com

2612 wheeler, Roseville, 55113

(612) 247-6598

Kate

Walthour

Kateandmatt@mac.com

2140 Folwell Ave, Falcon Heights, 55108

Michelle

Ginther

Michellewiens@gmail.com

2434 Virginia Circle, Roseville, 55113

Sara

Madigan

S.madigan@sbcglobal.net

2200 Merrill St, Roseville, 55113

Brian

Brezinka

Brez1761@gmail.com

3053 little bay rd, Roseville, 55113
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Laurie

Sinna

lauriesinna@yahoo.com

3116 VICTORIA ST NORTH, ROSEVILLE, 55113
-1936

Janet

Atz

janetatz@yahoo.com

1736 Alta Vista Dr., Roseville, 55113

Steven

Foss

Stevfoss@aol.com

458 W Horseshoe Drive, Shoreview, 55126

Courtney

John

ccmoriarty@gmail.com

2544 Beacon St, Roseville, 55113

Chandra

Yueh

cyueh@me.com

2735 Hemlock Ln N, Plymouth, 55441

Karin

Carver

Kacr4291@gmail.com

5700 Knox, Minneapolis, 55419

Louis

Bushard

lbushard@comcast.net

2967 Highcourte, Roseville, 55113

Patty

Anderson

pscheids3@aol.com

9901 Washburn Ave, Bloomington, 555318

(165) 134-0541
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Maureen

Bushard

mauramb@comcast.net

2967 Highcourte, Roseville, 55113

(651) 340-5411

Gary

Stanoch

Garystanoch@gmail.com

421 w county rd c, Roseville, 55113

Nick

Lindberg

slip0335@hotmail.cim

1274 ROSE PL, ROSEVILLE, 55113

Karen

Satre

Karensatre99@gmail.com

532 Heinel Dr, Roseville, 55113

Michelle

Caron

michellecaron@comcast.net

1845 Moore Street, Falcon Heights, 55113

Tina

Hagen

Tinahagen730@gmail.com

802 County Rd B2 W, Roseville, 55113

Lisa

Olson

lisaolson86@gmail.com

2250 Midland Grove Rd #104, Roseville, 55113

Carissa

Peterson

Carissa.Peterson@aol.com

833 county rd c w, Roseville, 55113

(651) 285-3475
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Anne

Wentzel

aewentzel3@gmail.com

1717 Stanbridge, Roseville, 55113

Elizabeth

Wenzel

lizz.wenzel@gmail.com

4930 Gallivan Ct N, White Bear Lake, 55110

Sarah

Plumb

Sarahplumb.4@gmail.com

501 McCarrons Blvd S, Roseville, 55113

Samantha

Peterson

Samantha.peterson1@aol.com

833 County Road C W, Roseville, 55113

Megan

Fitzpatrick

mfitzpatrick00@gmail.com

1011 Cottage Place, Shoreview, 55126

Katie

Volkl

Klvolkl@yahoo.com

1009 Harriet Ave, Shoreview, 55126

Holly

Rodin

rodi0016@umn.edu

2997 Chatsworth St N, Roseville, 55113

Michelle

Morales

michellemm02@gmail.com

310 Brooks Ave W, Roseville, 55113

(612) 267-3169

(651) 528-7512
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Andrew

Calkins

andrewcalkins@comcast.net

2997 Chatsworth St N, Roseville, 55113

Laura

Brown

captainhats@gmail.com

3060 Avon St N, Roseville, 55113

Dana

Logan

danaclogan@gmail.com

3015 W Owasso Blvd, Roseville, 55113

Andrew

Buonaccorsi

andrew.buonaccorsi@gmail.com

583 Sextant Ave W, Roseville, 55113

Amy

Foley

alindfoley@gmail.com

583 Sextant Ave West, Roseville, 55113

Karin

Schultz

eekschultz@gmail.com

2744 Churchill St, Roseville, 55113

Brian

Torkelson

Btorky@centurylink.net

3935 Highland Dr, Shoreview, 55126

Anne

Thompson

Anneethompson@yahoo.com

1075 Hoyt Ave West, Saint Paul, 55117

ATTACHMENT
C
Phone
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Kate

Errickson

Erricksonkate@gmail.com

394 E Horseshoe Dr, Shoreview, 55126

Norine

Lindberg

Mcflybye85@gmail.com

548 Heinel Drive, Roseville, 55113

Chris

Beltmann

cbeltmann@hotmail.com

2080 Farrington st, Roseville, 55113

Mike

Nellessen

nellessenmike@gmail.com

1381 floral drive west, Arden hills, 55112

Tracy

Dunnwald

tracy.dunnwald@juno.com

1064 Lake Oaks Drive, Shoreview, 55126

Mariam

Slayhi

mslayhi@gmail.com

3542 Lincoln St NE, Minneapolis, 55418

Felicia

Wolters

Fmaewolt@gmail.com

635 Adams St NE, Apt 2, Minneapolis, 55413

Vicki

Cook

Vlcook75@gmail.com

3399 kent st #111, Shoreview, 55126

(612) 242-7107

(651) 270-9500
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William

Sanft

wsanft@yahoo.com

83 West Wheelock Parkway,, Saint Paul, 55117

(612) 695-9131

Maddie

Dziedzic

mdziedzic0503@gmail.com

2030 County Rd E, #303, New Brighton, 55112

(708) 476-4082

Mary

Johnson

tnljohnson@q.com

800 Martha Lake Court, Shoreview, 55126

Heather

Sexton

Annameta@msn.com

1148 Oakcrest Avenue, Roseville, 55113

Anne

Ekbom

anb74@live.com

1834 Lake Street, Lauderdale, 55113

Erika

Rustad

rustad.em@gmail.com

329 S Owasso Blvd W, Roseville, 55113-2103

(651) 442-4007

Kyle

Schmaltz

Schmaky1@gmail.com

883 Edgewater Avenue, Shoreview, 55126

(612) 391-4554

Adrienne

Rudie

Acannella7@gmail.com

2604 Wheeler Street North, Roseville, 55113
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Peggy

Wilson-Borchert

eggpee@comcast.net

1784 Dunlap St. N., Roseville, 55113

Maurine

McCort

Momo2004@comcast.net

1538 Chelsea Street, Saint Paul, 55108

Jill

Melhus

jillybean05@q.com

3399 Kent St, Shoreview, 55126

Apryl

Lindeman

arpeterson2004@yahoo.com

577 Shryer Ave W, Roseville, 55113

Cathy

Croghan

crogh001@umn.edu

1961 Midland Hills Rd, Roseville, 55113

Margaret

Cavanaugh

maggiecavanaugh@gmail.com

580 Lakeridge Drive, Shoreview, 55126

Kristina

Varadi

Varadik@comcast.net

17615 26 th Ave n, Plymouth, 55447

Barbara

Ankrum

jbankrum@comcast.net

112 Primrose Ct, Vadnais Heights, 55127

ATTACHMENT
C
Phone
(651) 341-5182
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PAULA

RUSTERHOLZ

paularusterholz@gmail.com

2787 Marion St, Roseville, 55113

Kyia

Downing

kyiadowning@gmail.com

1039 woodlynn ave, roseville, 55113

Katy

Tharaldson

Katytharaldson@hotmail.com

3320 Highcrest rd NE, St anthoby, 55418

(651) 269-9909

Lindsay

Lien

Lindsay.llien@gmail.com

12550 Europa Ave N, White Bear Lake, 55110

(715) 821-7575

Breanna

Tyrrel

Breannapatricia@gmail.com

3285 Owasso Heights Rd, Shoreview, 55126

Keith

Carlson

keithecarls@gmail.com

3088 SANDY HOOK DR, ROSEVILLE, 55113

Donna

Paulson

Donnakpaulson@gmail.com

2691 Marion Street, Roo, 55113

Bryan

Larson

bryanlarson.24@gmail.com

192 Minnesota Ave, Roseville, 55113

(612) 759-9442
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Katheryn

Smith

Kkadsmith@msn.com

3190 Park Overlook Dr, Shoreview, 55126

Silvia

Yueh

silviayueh@mac.com

2735 hemlock ln N, Plymouth, 55441

Kelsie

Miller

kelsieokeefe@gmail.com

410 McCarrons Blvd S, Roseville, 55113

BENJAMIN

SEIM

benjaminseim@gmail.com

513 Heinel Drive, Roseville, 55113

William

Kaufenberg

bill.kaufenberg@pulseelectric.
net

522 Heinel Drive, Roseville, 55113

Emily

Face

Thefaces81712@gmail.com

639 evergreen circle, Shoreview, 55113

Hallie

Finucane

hafinucane@gmail.com

2447 Chatsworth St N, Roseville, 55113

Adam

Ridgeway

adamlridgeway@gmail.com

3098 Hamline Ave N, Roseville, 55113

(651) 202-8274

(651) 472-2191
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Bonnie

Grzeskowiak

b.grzeskowiak@comcast.net

33 South Deep Lake Road, North Oaks, 55127

Sara

Heisel

sarajoheisel@gmail.com

2787 Western Ave N, Roseville, 55113

Donnell

Lee

donnellmarielee@gmail.com

2569 Cohansey Street,, Roseville, 55113

(651) 894-3622

Jenica

Domanico

Jenica.e.domanico@gmail.com

3499 Nancy place, Shoreview, 55126

(612) 205-4340

Vincent

Trovato

VTrovato@SMUMN.edu

2250 Victoria St N, Apt 226, Roseville, 55113

Doug

Pooley

drpooley69@hotmail.com

2889 Simpson Street, Roseville, 55113

Clare

Henderson

Rodr0145@umn.edu

485 W Shore Court, Shoreview, 55126

Julie

Weilbacher

juliesparks22@gmail.com

2619 Suzanne Cir, Saint Paul, 55110

(651) 208-7007
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Kelly

Schwagerl

kjkloth@gmail.com

1011 Roselawn Ave W, Roseville, 55113

(651) 888-1924

Sharon

Torkelson

schmi.torkelson@gmail.com

3925 Highland Dr, Shoreview, 55126

Sean

Emery

seanemery2@mac.com

302 S. McCarrons Blvd., Roseville, 55113

(651) 487-0404

Debby

McCann

debbymamccann@gmail.com

2346 Auerbach ave., Roseville, 55113

(651) 260-3393

Anne

Hibbard

annehibb@gmail.com

882 19th Ave. SE, Minneapolis, 55414

Vatsala

Menon

vatchimenon@gmail.com

3489 Milton st, Shoreview, 55126

Theresa

Malone

theresalmalone@mail.com

3223 West Owasso Blvd, Shoreview, 55126

Carol

Nytroe

carolhalfmann@hotmail.com

814 Arbogast, Shoreview, Shoreview

(651) 731-9260
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Sara

Mlenar

Saralindsy4@gmail.com

46 little circle drive, Little Canada, 55117

Heidi

Wynkoop

Hmwynkoop@hotmail.com

8624 Brant St Ne, Circle Pines, 55014

Edward

Zoerb

tezoerb@outlook.com

3170 Sandy Hook Dr, Roseville, 55113

Carolyn

Ganz

Imcarolyn@comcast.net

675 Roma Ave, Roseville, 55113

Marketa

Eagle

marketaeagle@gmail.com

3025 Highpointe Curve, Roseville, 55113

(714) 917-7592

Janet

Risinger

janet.ruth@comcast.net

1797 Shryer Ave. West, Roseville, 55113

(651) 636-3197

Jacob

Chatterton

jchatt@gmail.com

443 Brooks Ave W, Roseville, 55113

Birdie

Carter

bhixcarter@gmail.com

1957 Larpenteur Ave W, Falcon Hgts, 55113

(651) 484-7481

(612) 321-1780
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Megan

Welty

Megan.ihlenfeld@gmail.com

4415 Robin Ave N, Robbinsdale, Mn

JULIE

YARRINGTON

julie.yarrington@gmail.com

5885 Stephen Cir, Saint Paul, 55126

Jermaine

Matthews

Jermainematthews1970@yahoo.
com

832 Lovell Ave W, Roseville, 55113

Amy

Toth

Amcktoth@gmail.com

2780 Marion St, Roseville, 55113

Jenna

Bluhm

Jbeezer6@gmail.com

3285 Owasso Heights Rd, Shoreview, 55126

Mary

Sorensen

sorensenmarya@msn.com

627 Heinel Drive, Roseville, 55113

Wayne

Griesel

gries004@msn.com

1021 Larpenteur Ave. W., Unit 334E, Roseville,
55113

Elizabeth

Dilworth

elizabeth.dilworth@gmail.com

5601 Donegal Drive, Shoreview, 55126

(507) 456-2164
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Patricia

Truninger

pltruninger@msn.com

2906 Matilda Street, Roseville, 55113

Nancy

Coyle Strahan

coyle008@umn.edu

3288 1/2 owasso heights drive, Shoreview,
55126

Melissa

Walker

Melissaw2232@comcast.net

3085 Farrington Court, Roseville, 55113

Amber

Schletty

amber.schletty@gmail.com

2460 Morrison Street, Little Canada, 55117

Scott

Olson

scottyolson@gmail.com

554 Suzanne Ave, Shoreview, 55126

Glenn

Thomas

9304shaver@gmail.com

506-5 Lovell Ave., Roseville, 55113

Susan

Modrow

Smmodrow@yahoo.com

219 Grand Ave, Shoreview, 55126

Alison

Chandler

Alisonrchandler@gmail.com

1870 oxford st n, Roseville, 55113

(641) 247-8857

(651) 587-7830
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David

Blomquist

qwist04@gmail.com

224 3rd Ave. NE, Minneapolis, 55413

Christie

Matts

cwmatts@gmail.com

554 Suzanne Ave, Shoreview, 55136

Kathryn

Lambert

kathylambert@comcat.net

800 Brenner Avenue, Roseville, 55113

Cari

Gelle

carigelle@gmail.com

777 Lovell Avenue, Roseville, 55113

Wanda

Davies

davies767@gmail.com

767 Heinel Dr, Roseville, 55113

Heidi

SNELTJES

Hcsneltjes@msn.com

1054 Glen Paul Ct, Shoreview, 55126

Katy

Husby

Katy.husby@gmail.com

2824 Aglen St, Roseville, 55113

Jeanne

Leppicello

Jleppicello@gmail.com

13393 26th St N, Stillwater, 55082

ATTACHMENT
C
Phone
(612) 805-9666

(651) 253-1113
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Gretchen

Zigman

Gzigman@comcast.net

8451 Zanzibar Ln N, Maple Grove, 55311

(612) 210-2789

Kristin

Youngquist

Yquist@msn.com

391 South Owasso Blvd W, Roseville, 55113

Craig

Christenson

craigpc1@usfamily.net

2585 Wheeler St N, Roseville, 55113

Anna

Zbacnik

alzbacnik@hotmail.com

1808 Asbury St, Falcon Heights, 55113

Gerald

Larson

72gs455@comcast.net

639 terrace drive, Roseville, 55113

Mary

Lundblad

mlundblad@comcast.net

2805 60th Street E, Inver Grove Heights, 55076

Barbara

Wedll

springcove@hotmail.com

10 OAK RIDGE TRL, CIRCLE PINES, 55014
-1757

Mason

Tacke

masonwtacke@gmail.com

636 Grand Ave, SAINT PAUL, 55105

(651) 636-9381

(701) 526-6689
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Margaret

Landby

Mlandby@hotmail.com

4449 Hodgson Road, Shoreview, 55136

Abigail

Stone

Abigail.L.Stone@gmail.com

1088 Churchill Place, Shoreview, 55126

Olivia

Munson

omviolin@nycap.rr.com

425 6th Ave S, Saint Cloud, 56301

Kelsey

Curran

khertel@gmail.com

668 Heinel Drive, Roseville, 55113

Adam

Krinsky

adamkrinsky@gmail.com

2733 10th Ave South, Minneapolis, 55407

A.J.

Zielike

A.J.Thompson6@gmail.com

3092 Oxford St N, Roseville, 55113

Richard

white

John21three@gmail.com

440 harriet ave, Shoreview, 55126

(651) 503-7386

Jason

Robinson

saveowasso9@magiclamp.net

2785 LEXINGTON AVE N, APT A, Roseville,
55113

(651) 237-9922
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Paul

Wiltse

Powiltse@gmail.com

661 Lovell Ave, Roseville, 55113

(651) 283-6857

Peggy

Wiltse

pegwiltse@gmail.com

661 Lovell Ave, Roseville, 55113

Susan

Churchill

susanchurchill@comcast.net

570 Sandhurst Drive W., #221, Roseville, 55113

Kari

Helminen

helminen.ka@gmail.com

4271 Hodgson Rd, Shoreview, MN 55126,
Shoreview, 55126

Diana

Ingraham

samingraham@comcast.net

2515 West 52nd Street, Minneapolis, 55410

Anna

Howard

Annieannafaye@gmail.com

4251 state 6 NE, Remer, 56672

Glenda

Pooley

treblegp@hotmail.com

2889 Simpson Street, Roseville, 55113

Alyson

Brinker

alysonbrinker@gmail.com

904 Connor Court, Maplewood, 55109

(612) 222-7271
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Carrie

Sayre

sayre1@stolaf.edu

10900 Jackson Dr, Eden Prairie, 55347

Isabel

Istephanous

izzyistephanous@gmail.com

812 Millwood Avee, Roseville, 55113

Naira

Istephanous

n.istephanous@comcast.net

812 Millwood Avenue, Roseville, 55113

Priscilla

Neel

pdpesola@gmail.com

4060 Mackubin St., Shoreview, 55126

Alisha

Hollman

alishahollman@gmail.com

824, sandhurst drive, Roseville, 55113

(651) 675-9894

Jessica

Kubis

rubixkube17@gmail.com

1081 Lovell Lane S., Saint Paul, 55113

(612) 964-3786

Susan

Allard

allar025@umn.edu

309 County Road C2 W, Saint Paul, 55113

(999) 999-9999

Jake

Pennig

penn0091@yahoo.com

2805 Churchill street, Roseville, 55113
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Ben

Rouda

ben.rouda@gmail.com

946 lydia drive, Roseville, 55113

Julie

Kiernan

jqkiernan@gmail.com

798 Millwood Ave., Roseville, 55113

Claire

Dawson

claireelysedawson@gmail.com

1440 Woodlynn Avenue, Roseville, 55113

Debbie

Frigaard

Chammybabie@yahoo.com

579 Iona Lane, Roseville, Mn

Peter

Rhode

psrhode@stthomas.edu

3161 Sandy Hook Dr, Roseville, 55113

Deborah

Archambeault

Djarchambeault@gmail.com

331 Burke Ave W, Roseville, 55113

Evelyn

Joyal

evelynjoyal@gmail.com

460 vadnais lake drive, vadnais heights, 55127

(651) 765-2899

Tom

Joyal

tomjoyal@mac.com

460 Vadnais Lake Drive, Vadnais Heights, 55127

(651) 765-2899

(651) 484-3547

Page 72 - Printed 5/26/2021

First Name

Last Name

Email

Address

ATTACHMENT
C
Phone

Douglas

Tani

dgtani@hotmail.com

809 Millwood Avenue, Roseville, 55113

Susan

Bower

Sbdonate@comcast.net

1233 County Road B West, Roseville, 55113

Donna

Spannaus-Martin

donna.spannaus.martin@gmail.
com

299 Grandview Ave. W., Roseville, 55113

Ione

Brown

brown073@umn.edu

3060 AVON ST N, ROSEVILLE, 55113

John

ODonnell

jono55113@comcast.net

1043 Lovell Lane S, Roseville, 55113

Tom

Foley

tomfoley@comcast.net

P. O. Box 270306, St. Paul, 55127

Anne

Busch

Anne.m.busch@gmail.com

941 Roselawn Ave W, Roseville, MN

Melissa

Mendoza

Melissammendoza143@yahoo.
com

4201 Drew Ave N, Robbinsdale, 55422

(561) 484-9512

(651) 484-8864

(763) 248-4650
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mary

Englund

marye@amidongraphics.com

224 N McCarrons Blvd, SAINT PAUL, 55113

John

Simpson

Jmsimpson51@gmail.com

3083 Mount Ridge road, Roseville, 55113

Janet

Asmus

Jan_asmus@hotmail.com

45609 186th street, Morris, 56267

Nancy

Simpson

nsimpson51@gmail.com

3083 Mount Ridge Rd, Roseville, 55113

Diane

Hilden

dianemhilden@gmail.com

466 Bayview Drive, Roseville, 55113

david

noren

davenoren@gmail.com

4525 47th Av S, Mpls., 55406

Brendan

Duffy

Brendanphilipduffy@gmail.com

4345 Nancy Place, Shoreview, 55126

Steven

Sanders

sande017@gmail.com

1319 Ingerson Rd, Arden Hills, 55112

(651) 261-8357

(651) 488-3678
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Ashlee

Griffin

ashlee.m.griffin@gmail.com

8441 N Meadow Lake Rd, New Hope, 55428

Kitty

Gogins

kgogins@mindspring.com

806 Millwood Ave, Roseville, 55113

Liz

Semler

semle006@umn.edu

2416 32nd Ave S, Minneapolis, 55406

Andrew

Montain

Sun.Collecting.Sponge@gmail.
com

286 S Mccarrons blvd, Roseville, Mn

Linnea

Goderstad

linneagoderstad@gmail.com

224 3rd Ave NE, Minneapolis, 55413

Andrea

Pokorney

Pokorney.andrea@gmail.com

1805 Pierce St Ne, Minneapolis, 55418

Mary

Wagers

marywagers@yahoo.com

2787 Dellwood Ave, Roseville, 55113

Catherine

Kray

cathy.kray@gmail.com

514 RESERVOIR WOODS CIR, Roseville, 55113

(612) 619-3500
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Swapna

Konidena

swapnakonidena@gmail.com

2309 Auerbach St, Roseville, 55113

Nikki

Knopik

nicoleknopik@yahoo.com

20 6th Street NW Apt. 218, Osseo, 55369

Debra

Gunnes

cvam2652@hotmail.com

540 Shryer Ave W, Roseville, 55113

Karla

Dorr

Khdorr@gmail.com

4000 93rd Ave N, Brooklyn Park, 55443

Cheryl

Hernandez

Chernandez14@comcast.net

2360 Cohansey, Roseville, 55113

Constance

Comford

millie1jc@gmail.com

3000 Little Bay Rd., Roseville, 55113

Hannah

Fairman

Novasgirl@gmail.com

3199 W Owasso Blvd, Shoreview, 55126

Sarah

Rosales

Sfjrosales@gmail.com

658 Belmont Lane, Roseville, 55113

(651) 307-6853
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Jamie

Hanford

jamie.hanford@gmail.com

1225 Wyncrest Court, Arden Hills, 55112

Katie

Lane

katieylane@gmail.com

3455 Dale St. N, Shoreview, 55126

Janet

Berryhill

Jberryhi@gmail.com

2673 western ave n, Roseville, 55113

Katie

Korsman

Kzappa3@yahoo.com

8480 Groveland Rd, Mounds View, 55112

Darren

Ginther

Gint0036@umn.edu

2434 Virginia circle, Roseville, 55113

Miriam

Figueroa

miriam.e.figueroa@gmail.com

1044 Lovell Ave W, Roseville, 55113

Cera

McDonald

triceratopsc@gmail.com

767 Montana Ave W, At. Paul, 55117

Trevor

McDonald

tmcdon890@gmail.com

3032 Sandy Hook Dr, roseville, 55113

(612) 751-1565

(651) 231-6714
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Denise

Dian

ddmsdian2@gmail.com

1860 Alta Vista Dr, Roseville, 55113

Charlotte

Ogdahl

tamlogtool@msn.com

7370 Park View Terrace, Mounds View, 55112

Kjersti

Nilssen

shadykats@comcast.net

2011 Cohansey Blvd, Saint Paul, 55113-6607

Pat

Cotter

Patcotter@icloud.com

477 co rd c w, Roseville, 55113

Kyle

Bachmayer

kylebachmayer@gmail.com

3453 South 31st Avenue, Minneapolis, 55406

Tracu

Roubik

Tranhig@aol.com

8012 50th Street, Lake Elmo, 55042

Brian

Mulhern

Briancundefined@gmail.com

645 SKILLMAN ave w, Roseville, 55113

Amanda

Gilbert

agilber@umn.edu

645 SKILLMAN ave w, Roseville, 55113

(651) 230-1321
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Jeffrey

Glomb

pandj1@inbox.com

278 N McCarrons Blvd, Roseville, 55113

Maxwell

Beck

maxwell.a.beck@gmail.com

790 Millwood Avenue, Roseville, 55113

Lauren

Miller

Oconnorlaurenm@gmail.com

1413 Brooks Ave w, Roseville, 55113

Gina

Labey

gmlabey@aol.com

808 Terrace Dr, Roseville, 55113

Emily

Metcalf

Emilymetcalf@yahoo.com

2976 Galtier st, Roseville, 55113

Peter

Kiernan

pekiernan47@gmail.com

798 Millwood Ave., Roseville, 55113

Troy

Sabean

troyasabean@gmail.com

2479 Oxford Street, Roseville, 55113

Makayla

Briggs

briggsmak27@gmail.com

256 North Owasso Blvd, Shoreview, 55126

(612) 718-7585

(651) 295-6697
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Avery

Nelson

Avery.h.nelson@gmail.com

845 Burke ct, Maplewood, 55109

Kathleen

Baumbach

Katejane66@hotmail.com

240 15th Ave nw, New Brighton, 55112

Autumn

Patterson

apatte@gmail.com

2721 Galtier Street, Roseville, 55113

Brent

Cummins

cumminsbe@yahoo.com

286 McCarrons Blvd N, Roseville, 55113

Ellen

Cummins

ecummins25@gmail.com

286 McCarrons Blvd N, Roseville, 55113

Susan

Wolf

Wolfs4491@gmail.com

950 Shryer Ave W, Roseville, 55113

Michelle

Briggs

Shel.4@hotmail.com

256 n owasso Blvd, Shoreview, 55126

Adam

Bledsoe

adamblds@gmail.com

482 Woodhill Dr., Roseville, 55113

ATTACHMENT
C
Phone

(651) 329-8160

(651) 263-3368
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Lisa

Dalke

ljdalke@aol.com

3045 Patton Rd, Roseville, 55113

Heather

Farrar

heather.t.farrar@gmail.com

1168 Roselawn Ave W, Roseville, 55113

Jeanne

Anderson

js-a@comcast.net

822 Millwood Ave, Roseville, 55113

Nancy

Zwiefelhofer

Nzwief24@gmail.com

3309 117th Lane NE, Blaine, 55449

Summer

Anderson

Summerthoren@gmail.com

23078 469th Ave, Morris, 56267

Jen

C

Jennmike.2013@gmail.com

969 Orange ave, Saint paul, 55106

Linda

Peterson

Sandcpeterson@gmail.com

833 County Road C W, Roseville, 55113

Marjory

McPartlin

margemcp@hotmail.com

1893 Wagener Pl, Roseville, 55113

ATTACHMENT
C
Phone
(612) 805-6522

(651) 353-6373
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Danielle

Hernandez

deeamahernandez@gmail.com

1425 Hampshire Avenue S #216, St. Louis Park,
55426

Joan

Vanderpool

jkvanderpool@gmail.com

460 Centennial Drive, Roseville, 55113

Jessica

Hammond

Jessicanielsen21@gmail.com

815 rose place, Roseville, 55113

Anna

Carlson

Anchcarl@yahoo.com

9491 Dunlap Ave, Circle Pines, 55014

Heather

Wang

wangscribe@gmail.com

1758 Alta Vista Dr, Roseville, 55113

Julie

Monson

monsonjuile@gmail.com

1320 Heritage Dr # 173, Northfield, 55057

Megan

Schlotfeldt

Mschlotfeldt37@yahoo.com

503 Glenwood Ave, Roseville, 55113

Jean

Engels

jme66day@gmail.com

836 Brenner Ave, Roseville, 55113

(816) 695-6199
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Margaret

Makowske

madgemako@gmail.com

836 Brenner Ave, Roseville, 55113

Gina

Petschauer

gummynarf06@gmail.com

2460 Cohansey St, Roseville, 55113

Margaret

Tillery

peacetoall111@comcast.net

947 Transit Ave., Roseville, 55113

Janet

Monson

monsonjanet@gmail.com

30600 sciota trail e, Randolph, 55065

Kristen

Donaldson

kkeran@me.com

2597 Fisk St, Roseville, 55113

Deborah

Drazek

djdrazec@msn.com

182 Big Circle Drive, Saint Paul, 55117

Brad

Bagley

bdbagley@hotmail.com

5976 Saint Albans Street N, SAINT PAUL, 55126

Katherine

Noffke

katenoffke@gmail.com

797 Lakeview Ave, St Paul, 55117

(161) 228-2698

(651) 329-7261
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Claudia

Chastain

saynotopants@aol.com

752 West Street, Valparaiso, 46385

Nicholas

Kimball

nicholas.kimball@gmail.com

1028 Montana Ave W, St. Paul, 55117

Tim

Krueger

kruegertw@gmail.com

1048 Roselawn Ave W, Roseville, 55113

(651) 485-8974

Elyse

Grothendick

elyse.grothendick@gmail.com

978 Burke Ave W, Roseville, 55113

(763) 228-9968

Ashley

Sparks

Ashley.mich.lee@gmail.com

253 maple ln, Roseville, 55113

Melissa

Bagley

Melissa.bagley@hotmail.com

5976 Saint Albans Street North, Shoreview,
55126

Nancy

Brown

Rynabrown@msn.com

726 Terrace Drive, Roseville, 55113

Diane

Pottratz

Diane.pottratz@gmail.com

2062 Albemarle St, Roseville, 55113
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Donna

Stene

csstene@q.com

2708 Matilda St, Roseville, 55113

(165) 148-4769

Jennifer

Duncan

jlsduncan@gmail.com

1931 Gluek Ln, Roseville, 55113

(651) 428-2435

Victoria

Hall

victoriahalldvm@gmail.com

2778 Lakeview Ave, Roseville, 55113

(513) 600-1010

Marisela

Weber

Webster1296@gmail.com

3265, Shoreview, 55126

Kim

Wielenberg

kimwielenberg@gmail.com

3066 Farrington Court, Roseville, 55113

Ingrid

Beck

Ingridbeck14@gmail.com

790 Millwood Avenue, Roseville, 55113

Carissa

Squire

carissa.stephens@gmail.com

969 Kettle Creek Rd, Eagan, 55123

Aaron

Dunn

dunn0252@gmail.com

966 Sherren St. W., Roseville, 55113
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Natasha

Sandanayake

sherwornie@hotmail.com

794 Millwood Ave, Roseville, 55113

Elizabeth

Wendland

liz.wendland@gmail.com

1791 Dale St. N, ROSEVILLE, 55113

Audrie

Rehard

Amrehard@gmail.com

1010 Shryer Ave W, Roseville, 55113

Pete

Carpenter

petebus@gmail.com

1854 Oxford St. N., Roseville, 55113

Elizabeth

Kelly

bizkelly314@gmail.com

1641 Chatham Ave, Arden Hills, 55112

Rebecca

carlson

beckycrew15@yahoo.com

1914 wagener place, St Paul, 55113

Shelley

Shea

Shelley.shea@gmail.com

2493 Matilda St, Roseville, MN

Joy

leCuyer

joyioi@Hotmail.com

2586 Irene St, Roseville, 55113

ATTACHMENT
C
Phone

(651) 470-2313

(612) 386-9059

(651) 338-7524
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Chloe

Spring

Chloe.M.Spring@gmail.com

3066 Avon St N, Roseville, 55113

(651) 387-7732

Mary

Grundman

Marygrundman@yahoo.com

1840 Chandler Ave, Roseville, MN

(651) 248-5913

Rita

Schild

Ritaschild@comcast.net

3066 Avon St N, Roseville, 55113

Kathryn

Jensen

katie.jensen@gmail.com

845 Grandview Ave W, Roseville, 55113

John

Kolesar

j.lecuyer@gmail.com

2586 Irene St, Roseville, 55113

Elisabeth

Doree

Elisabeth2727@gmail.com

699 terrace dr, Roseville, 55113

Elise

Jahnke

eli21@comcast.net

1241 COUNTY ROAD C2 W, ROSEVILLE,
55113

Tiffany

Rodgers

tiffany.rodgers@gmail.com

2721 Galtier Street, Roseville, 55113

(651) 303-8128
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Stephanie

Aanenson

stephanie.
aanenson@olddutchfoods.com

1325 Willow Circle, Roseville, 55113

Anne

Csargo

Gcsargo@comcast.net

713 Bradford Circle, Eagan, 55123

Monica

Trent

hillampr@gmail.com

1412 Albert Street North, Saint Paul, 55108

Erik

Moore

erikmoore@yahoo.com

2976 Galtier St, Roseville, 55113

Maggie

Korder

mkorder01@gmail.com

296 McCarrons Blvd S, Roseville, 55113

Amanda

Elliott

Amandabelliott14@yahoo.com

8217 Rhode Island Ave S, Bloomington, 55438

Karl

Noot

Karl4noots@gmail.com

467 Centennial Dr, Roseville, 55113

Christine

Hochstatter

Slp2@comcast.net

817 Millwood Ave, Roseville, 55113

(651) 249-1268
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Mark

Martell

Mmartell54@gmail.com

2949 Farrington St, Roseville, 55113

(613) 961-3926

Edward

Freier

Efreier12@gmail.com

197 Sherman Street, Saint Paul, 55102

Sher

Noot

Shernoot@gmail.com

467 Centennial Drive, Roseville, 55113

Jody

Hare

Jodythare@gmail.com

544 Schletty Dr, Little Canada, 55117

Joni

Selle

jonilynnselle@gmail.com

10829 Hollister Ave. NW, Maple Lake, 55358

Avalon

Taylor

avalon.levey@gmail.com

1587 BERKELEY AVE, SAINT PAUL, 55105
-2023

Beverly

Aanenson

Bkaanenson@aol.com

3314 Owasso Heights Road, Shoreview, 55126

Katherine

Bentfield

Benti12321@gmail.com

20890 Monterey Ave, Prior lake, 55372

(612) 875-1588
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Claire

Jordan

Claireandmichaelj@gmail.com

2595 Cohansey Street, Roseville, 55113

Mark

Maes

markmaes12@gmail.com

18955 St Rd 10, Culver, 46511

Stephanie

Aanenson

stephanie.aanenson@gmail.com

3314 Owasso Heights Road, Shoreview, 55126

Jeanette

Kroening

kroening1@gmail.com

791 Millwood Ave W, Roseville, 55113

Caroline

Acosta

carolinejacosta@gmail.com

2751 Farrington St, Roseville, 55113

Heather

Monitor

tartan02@yahoo.com

1211 County Road C2 West, Roseville, 55113

Anna

Freed

Annafreed2@gmail.com

842 County Road B West, Roseville, 55113

Rachel

Huntington

rachel.huntington@yahoo.com

162 Minnesota Avenue, Roseville, 55113

(651) 481-9288

(612) 868-4995
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Rebecca

Diffley

rebeccadiffley@outlook.com

2799 Rustic Place #320, Little Canada, 55117

Andrew

Brownell

andrew.brownell@alum.
dartmouth.org

800 Millwood Ave, Roseville, 55113

Samantha

Wormley

Wormwormley@gmail.com

2664 Farrington Street, Roseville, 55114

Lily

Rose

roseflowerbear@comcast.net

1125 Roselawn Ave W, Roseville, 55223

Jodi

Evans

Jodi.Evans.mn@gmail.com

1518 Arden Vista Ct, Arden Hills, 55112

Lisa

Carey

Lisacarey4580@gmail.com

1220 Josephine Road, Roseville, 55113

Catherine

Moreno Gamez

catherine.morenogamez@gmail.
com

1944 Giesmann St., Roseville, 55113

Jenny

Bauer

Jennybauer70@comcast.net

3316 Skycroft Cir, St. Anthony, 55418
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Ruth

Sorenson-Prokosch

Sorensonprokosch@gmail.com

1019 Shryer Ave W, Roseville, 55113

Tess

Nyberg

Tessz8@yahoo.com

828 Brenner Ave, Roseville, 55113

Erin

Jordahl Redlin

ejr0904@gmail.com

3012 Armour Terrace, St. Anthony, 55418

Kirk

Brown

dd716@hotmail.com

3060 Avon St N, ROSEVILLE, 55113

madhu

kannapiran

kannapiran1@gmail.com

813 Brenner Ave, roseville, 55113

David

Parker

Revdad27@gmail.com

178 Burke Lane, Little Canada, 55117

Amy

Varner

amyavarner@yahoo.com

3621 Edgerton Street, Vadnais Heights, 55127

Dannah

Thompson

Dannah.waukazo@gmail.com

2425 County Rd C2 W., #312, Roseville, 55113

(165) 148-4951

(651) 728-0658

Page 92 - Printed 5/26/2021

First Name

Last Name

Email

Address

Jane

Spartz

bobspartz@comcast.net

649 Heinel Drive, Roseville, 55113

Kate

Olson

Kzieman@gmail.com

3558 ridgewood ct, Arden hills, 55112

Therese

Anderson

tka401@gmail.com

401 S 1st St. #1823, Minneapolis, 66401

Amanda

Taylor

amanda.taylor.randono@gmail.
com

998 Brooks Ave W, Roseville, 55113

Mark

Gogins

mark.gogins@gmail.com

806 Millwood Ave, Roseville, 55113

Heidi

Simons

Simonsheidi1@gmail.com

1007 Tiller Lane, Shoreview, 55126

Sarah

Lindberg

sbeth.lindberg@gmail.com

1274 Rose Place, Roseville, 55113

Mindy

Greiling

mindygreiling@gmail.com

2495 Marion St., Roseville, 55113

ATTACHMENT
C
Phone
(651) 483-1811

(612) 418-8069

(651) 503-3452
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Brian

Marette

nairbetteram@hotmail.com

1107 Oakcrest Avenue, Roseville, 55113

(952) 412-2401

Scott

Duce

Duces@comcast.net

3204 west Owasso boulevard, Shoreview,
55126

Melissa

Cross

melissacosi@gmail.com

14106 Glenridge Rd, Minnetonka, 55345

Stepehn

Youngquist

s_youngquist@yahoo.com

391 South Owasso Blvd W, Roseville, 55113

Valerie

Jones

valeriefrjones@gmail.com

3042 Sandy Hook Drive, Roseville, 55113

Megan

Dahlberg

Dahlberg.megan4@gmail.com

561 Heinel Dr., Roseville, 55113

(651) 491-9698

Elizabeth

Reinhart

bethreinhart@yahoo.com

523 Heinel Dr, Roseville, 55113

(651) 483-1577

Jennifer

Schmaedeke

jenschmaedeke@gmail.com

2284 Highway 36 W, Roseville, 55113

(651) 500-9998

(612) 429-9454
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June

Rott

junerott@gmail.com

3115 Sandy Hook Dr., Roseville, 55113

(651) 484-4922

Jay

Dacey

jay@jaydacey.com

411 S Owasso Boulevard W, Roseville, 55113

(651) 210-9593

MARY

RHODE

mary.rhode@comcast.net

3161 Sandy Hook Dr, SAINT PAUL, 55113

(651) 484-3547

Amber

Asmus

asmus@fr.com

3125 Sandy Hook Dr, Roseville, 55113

(651) 765-8246

Sharon

Sparks

shrib025@gmail.com

3040 little bay road, SAINT PAUL, 55113

(651) 492-0297

Eva Kate

Shields

Ktaylore1@gmail.com

605 Suzanne Ave, Shoreview, MN

Christine

Kraft

Cakraft@aol.com

697 Emerald Ridge, Roseville, 55113

Camilla &
John

Lehr

camilla.lehr@gmail.com

3135 Sandy Hook Dr, Saint Paul, 55113-2128

(651) 484-4176
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Jina

Lien

lien.jina@gmail.com

739 Heinel Drive, Roseville, 55113

Victoria

Seim

vickieseim@gmail.com

513 Heinel Dr, Roseville, 55113

Jason

Asmus

jay_asmus@msn.com

3125 Sandy Hook Dr., Roseville, 55113

David

Shields

shielddj@msn.com

7536 Jeanne Drive, Lino Lakes, 55014

Kirsten

Hoffman

Khoff0084@gmail.com

2114 4th st ne Apt 1, Minneapolis, 55418

Zack

Swore

sworezack@gmail.com

800 e Curry rd unit 1061, Tempe, 85281

(616) 843-6147

Nancy

Spurgin

Nlspurgin@gmail.com

2600 Dale St N, Roseville, 55113

(414) 322-9084

Grace

Lien

Lieng@csp.edu

1084 26th ave SE, Minneapolis, 55414
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Rhonda

Larson

ronilarson@comcast.net

2671 Knollwood Ct N, Maplewood, 55109

LaNor

McDonald

Ljmcdonald@frontier.com

33689 County 24 Blvd, Cannon Falls, 55009

Mark

Hermes

mjhermes19@yahoo.com

2752 mackubin st, Roseville, 55113

Michelle

Abel

michelle.abel6@gmail.com

18089 Duncan Court, Farmington, 55024

Alana

Howey

Alana_howey@msn.com

991 Parker Ave, Roseville, 55113

Teresa

McDonald

trmcdonald2@gmail.com

2982 W. Owasso Blvd, Roseville, 55113

(651) 235-7856

Randy

Myhre

randymyhre@yahoo.com

17413 Inland Loop, Lakeville, 55044

(507) 429-9965

Janet

Etten

jeewhiz@comcast.net

4414 Churchill St, Shoreview, 55126

(651) 263-5735

(561) 329-6004
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Emily

Flaten

Emily.flaten@gmail.com

8132 Fillmore St. NE, Spring Lake Park, 55432

Jacqueline

Voss

Jacqui.voss30@gmail.com

512 Iona Lane, Roseville, 55113

Jenny

Holman

Jenholman@gmail.com

585 Heinel Dr, Roseville, 55113

Dan

Walseth

dan.
walseth@moundsviewschools.

5855 Evergreen Ln, Shoreview, 55126

Emily

Topinka

emilytopinka@gmail.com

1852 Stanford Ave, St Paul, 55105-1601

Stephanie

Hammer

foxhammer@gmail.com

979 Lydia Drive West, Roseville, 55113

Kelly

Hawkes

Hoag.kelly@gmail.com

3324 Jansen Way, Vadnais Heights, 55127

Lisa

Hovde

Lisa.hovde@comcast.net

19730 Quapaw St NW, Anoka, 55303

(651) 503-3771
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Jennifer

Bard

Bardjj@hotmail.com

6003 Gardena Circle NE, Fridley, 55432

Julie

Dorr

jrseverson@gmail.com

13301 Hanson Blvd NW, Andover, 55304

Keith

Gilbert

kgilbert@gilbertconsulting.com

1466 skiles lane, Arden hills, 55112

Kimberly

Eklund

Ksaeklund@aol.com

986 Glen Paul ct, Shoreview, 55126

Gregory

Dorr

Grmido@comcast.net

159 Canabury Ct, Little Canada, 55117

Sam

Dorr

samuel.dorr@gmail.com

952, Goodrich Ave, 55105

Susan

Carlson

Carlsons17@yahoo.com

3102 w owasso blvd, Roseville, 55113

Kyle

Mcdonald

Panhandlerustics@gmail.com

2982 w owasso Blvd, Roseville, 55113

ATTACHMENT
C
Phone

(751) 245-0270
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Barb

Connelly

Barb.connelly@me.com

3320 Lake Johanna Blvd, Arden Hills, 55112

(651) 333-0057

cheryl

hyink

cherylhyink@gmail.com

4550 queen ave n, minneapolis, 55412

Jen

Fehrmann

Jfehrmann12@gmail.com

31805 ELMWOOD Trail, Stacy, 55079

Tami

Fagely

28sa19@comcast.net

91 Doover Lane, Mahtomedi, 55115

Hal

MacGregor

hal.macgregor@gmail.com
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Overview
This memorandum summarizes the data and preliminary results of the Use Attainability Analysis

(UAA) for Lake Owasso to date. This study provides the scientific foundation for

a lake-specific

management plan that assesses the water body's physical, chemical, and biological condition and

will

eventually provide specific recommendations to help improve the water quality of Lake Owasso.
The final study

will include both a water quality assessment and prescription of protective

and/or

remedial measures for Lake Owasso and the tributary watershed.
The analysis of Lake Owasso is based on the compilation of intensive lake water quality monitoring
data for the summer of 200'7 , as well as historical data available for the

lake. These data, coupled

with computer simulation models calibrated to the 2007 dataset, were used to simulate the impact of
the various phosphorus sources on the water quality in Lake Owasso. Although analysis of future
land use conditions and critical management conditions are not yet complete and specific
management recommendations cannot be made, a discussion of the annual water and phosphorus
loads to Lake Orvasso is included here, allorving for the discussion of general management options

for the lake. A complete evaluation of critical rnanagement conditions and BMP scenarios will be
included in the final draft of the Lake Owasso UAA report.

Water Quality Goals for Lake Owasso
The Grass Lake Watershed Management Organization (GLWMO) has established rvater quality goals

for Lake Owasso as part of its 2001 l|/qterslted Managenlent Plan,based on the desired lake uses and
public perceptions (see Table 1). Additionally, the Minnesota Pollution Control Agency (MPCA)
has proposed eutrophication criteria for deep lakes in the various ecoregions of Minnesota.

The results of a lake user survey conducted in2007 as well as discussions at public meetings indicate
that residents have expressed a concern about aquatic macrophyte (i.e. lake rveeds) interference with
recreational uses ofthe lake, decreasing lake clarity, and general rvater and pollutant discharges to
the lake.
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Lal(e

owas"9

Mean SummerAverage for Period
of Record
(1 973.2007)

Water Quality
Parameter
Total Phosohorus
Secchi Disc

-

GLWMO Existing
Goal

GLWMO Action
Level

MPCA's Deep
Lake Proposed

45 uqlL

55 uq/L
6.2'rt (1.9 m)

5.2 ft (1.6 m)

15.7 uolL

20 uolL

Chloroohvll a

I

of Historicai{.?:"t cluality_+Data

Zt#lfl"ry

8.0 ft (2.45 m)

Standard'
40 uo/L
4.6 ft (1.4 m)
14 uoll-

Lake Owasso is located in the North Central Hardwood Forest ecoregion of Minnesota

Total phosphorus, chlorophyll d, and Secchi disc transparency are key u,ater quality indicators for the

following reasons:
Phosphorus generally controls the growth of algae in lake systerl-rs. Of all the substances
needed for biological growth, phosphorus is typically the lirniting nutrient, therefore higher

phosphorus concentrations typically result in more algae and related problems.

Chlorophyll a is the main photosynthetic pigment in algae. Therefore, the amount of
chlorophyll a in the water indicates the abundance of algae present in the lake.
Secchi disc transparency is a measure of rvater clarity, and is inversely related to the
abundance of algae. Water clarity typically determines recreational-use impairment.
A11 three

of the parametel's can bc used to determinc a Trophic State Index (TSI). Hor.vever, water

transparency is typically uscd to develop the TSI5p (Trophic State Index based on Secchi disc
transparency) because people's perceptiorls of water clarity are often directly related to recreationaluse impairment. Water quality trophic status catcgories include oligotrophic (i.e., excellent water

quality), mesotrophic (i.e., good rvater quality), eutrophic (i.e., poor water quality), and
hypereutrophic (i.e., very poor water quality). Water quality characteristics of lakes in the various
trophic status categories are listed below with their respective TSI ranges:

1.

[20 < TSI5D < 38] clear, low productive lakes, rvith total phosphorus
concentrations less than or equal to 10 pg/L, chlorophyll a concentrations ofless than or equal to
2 pglL, and Secchi disc transparencies greater than or equal to 4.6 meters (15 feet).

2.

[38 < TSI5D < 50] intermediately productive lakes, rvith total phosphorus
concentrations between 10 and 25 pglL, chlorophyll a concentrations between2 and 8 pgll, and
Secchi disc transparencies between 2 and4.6 meters (6 to l5 feet).

3.

Eutrophic - [50 < TSI5p < 62] high productive lakes relative to a neutral level, rvith 25 to
57 y,glL total phosphorus, chlorophyll a concentrations between 8 and261tg/L, and Secchi disc
measurements betrveen 0.85 and 2 meters (2.7 to 6 feet).

Oligotrophic

Mesotrophic
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4.

Hypereutrophic - [62 < TSI3D < 80] extremely productive lakes which are highly eutrophic and
unstable (i.e., their water quality can fluctuate on daily and seasonal basis, experience periodic
anoxia and fish kills, possibly produce toxic substances, etc.) with total phosphorus
concentrations greater than 57 ;.rgll., chlorophyll a concentrations of greater than 26 '4glL, and
Secchi disc transparencies less than 0.85 meters (2.7 feet).

Lake Owasso Gharacteristics
Lake Basin Characteristics
Lake Orvasso is located on the border between the cities of Roseville and Shoreview. The normal
water surface elevation is 886.6 feet

MSL. At this elevation, the lake volume is approximately

4,099 acre-feet with a water surface area of approximately 375 acres and a mean depth of 10.9 feet.
The maximum depth is 37 feet.
The outlet from Lake Orvasso is located on the northwest side of the lake and flows under North
Owasso Boulevard, discharging into a rvetland area on the southnest side of Lake Wabasso. The

outlet structure of Lake Owasso consists of a concrete box structure with 3-eight-foot plate weirs,
upstream of two reinforced concrete arch pipcs. Discharge from Lake Owasso occurs when water
levels are above 886.6 feet MSL; however, historical lake levels indicate ice build-up does

limit

the

discharge from Lake Owasso during the winter months. This rvas confirmed by personal

communication with the City of Shoreview Department of Public Works (l/18/2008).

Watershed Characteristics
Lake Owasso's 3,060-acre rvatershcd, including the surface area of the lake, is rvithin the cities

of

Roseville and Shoreview. Runoff from the immediate watershed enters Lake Owasso through
overland flow and at several sewcr outfalls around the lake.
For this study, the Lake Owasso rvatershed was divided into five major "drainage districts"
comprised of numerous smaller subrvatershed area. Figure 1 shorvs the Lake Orvasso drainage

districts, subwatersheds, drainage patterns, and2007 monitoring (in-lake water quality, sediment
cores, and rvatershed runoff monitoring stations) locations. Each drainage district is briefly

described belorv:

o

Direct Drainage District- This drainage district is approximately 729 acres (including the
surface area of Lake Owasso), which represents 24 percent of the Lake Owasso watershed. A
road reconstruction project along Owasso Heights Road (subwatershed Dschg50 - see Figure
1) included installation of an underground storm water storage vault. Under normal
conditions, runoff will be purnped to the West Drainage District and pass through Charlie
Pond. Flood flows will be allowed to discharge from the existing outlet into Lake Orvasso.
For calibration, it was assumed that subwatershed Dschg50 discharged directly to Lake

)\

.1 "
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Owasso, as the new system was not functioning during the surnmer of 2007. Modeling

of

future conditions rvill reflect this change.

r

South Drainage District-This 1581 acre drainage area represents approximately 52 percent
of the Lake Owasso u,atershed. Runoff from this district is conveyed to the Central Park
. r,;
Ponds and discharges to Lake Owasso through the west Central Park Pond via a structure
under County Road C. Other larger water bodies in the district include Willow Pond, Frog

_,'.

Pond, Bennett Lake, and Westwood Village Pond.

r

West Drainage District-This drainage area covers approximately 360 acres, or 12 percent,
of the Lake Orvasso rvatershed. There is one land-locked subwatershed (LO_W 3) in this i -n
' '' " '
district. Florvs from this district pass through Charlie Pond before discharging to i-ut"
Orvasso. Other larger water bodies in this district include Lake Judy and Lake Emily.

o

East Drainage District-This 213-acre drainage district represents about 7 percent of the
Lake Owasso rvatershed. Runoff from this district is discharged to the bay south of Lake
Owasso before flowing under the railroad tracks and discharging to the lake.

r

.,

,

..,
'

,

Land-Locked Drainage District- This drainage district covers approximately 178 acres fl,i,1
lJ
which represents about 6 percent of the Lake Orvasso watershed. This drainag. u..u *u,
historically land-locked although a pump was installed in subwatershed LO_LL_2a in the
mid-1990's that pumps high waters to subwatershed LO_LL_3, where it eventually
discharges into the bay south of Lake Orvasso. Subwatcrshed LO_LL_S is still cunently land
locked and was assumed to contribute no florvs to Lake Ou,asso.

Current and future land use for the Lake Owasso rvatershed is sumrnarized in Figure

2. Lorv density

residential land use has been identified as the major land use within the watershed (55%) followed by
open water and wetlands (mostly Lakc Owasso and its wetland fringe). Figure 3 summarizes the

breakdown of land uses categories in thc Lake Owasso rvatershed, for both existing and future

conditions. There are no significant changes expected in the future Lake Owasso watershed land use.
According to the Ramsey County Soil Survey, the underlying soils in the Lake Owasso
are predominantly classified as hydrologic soil group (HSG) B, with moderate

watersheds

",,+_d.r; I
infiltration rates. The ','' ,r, ,.,'r'
,

soils along the eastern side of the lake are classified as HSG A, characterizedby high

'

infiltration

rates. Soils around wetland areas rvithin the watershed typically have low to very low infiltration
capacity. The infiltration capacity of soils affects the amount of direct runoff resulting from rainfall.
Soils rvith a higher infiltration rate have a lower runoff potential. Conversely, soils with low

infiltration rates produce high runoff volumes and high peak runoff rates. Figure 4 shorvs the
distribution of the HSGs throughout the Lake Owasso watershed.

-1'1i-)'
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Lake Owasso Watershed
Existing (2006) Land Use
Total Walershed Area = 3060 Acres

Commercial
Highway
Railroad
1"/"

I

\/

/

Park
7%

a

High-Density
Hesidenlial

!

'n

tnsriturionat

Natural/
Open Space:
76/"

Medium-Density
Hesldential
3%

Low-Density Hesidential
55o/o

Lake Owasso Watershed
Full Development Land Use
Total Watershed Area = 3060 Acres

Waler/ Wetland

Fesidential

15V"

4% lnstitutionat
5"/.

Office/

lnduslrial
2%

Natural/Open Space
70/"

Medium-Density
Besidential
4"/"

Lour-Density Besidential

54/"

Figure 3
Lake Owasso Watershed
Existing (2006) and Ful! Development
Land Use Summary

1t222008
PrWpls\23 MN\62\2362g+eWo*pitestlanaUse\Lakeowasso-LU-Summary-2OO7.xls:
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Water Quality Problem Assessment
Lake Owasso Water Quality
Figure 5 shows the total phosphorus concentration, Secchi disc transparency, and chlorophyll a
concentration monitoring results for Lake Orvasso in2007 for each of the monitoring sites in the lake

(site 5403 in the southern portion of the lake; site 5401 (the historical monitoring location) in the
northern portion of the lake

-

See

Figure 1 for location). These data were collected by Ramsey

County. The values for total phosphorus and chlorophyll-a concentrations represent the surface
concentrations (average of measurements from 0-2 m in depth). The 2007 water year rvas used as the

water quality rnodel calibration year for Lake Owasso and a discussion of the 2007 results for these
parameters follows. Figure 6 shows the historic (1973

-

2007) summer averages of these parameters

for Lake Owasso.
Phosphorus
The 2007 spring total phosphorus concentration was 26 ,p.glL at monitoring site 5401 while in the
southwest corner of the lake, at site 5403, the total phosphofl.ls concentration was 33

pgil. This

places the lake at the low end of the eutrophic status category. Trophic state is determined by
summer average values, as outlined by the MPCA standards and criteria. The peak phosphorus

concentration at site 5401 during the summer was 38 ptglLby mid-June. The peak summer
phosphorus concentration at site 5403 was 62,p,glL by the beginning of July.

The 2007 surnmer averagc phosphorus concentration at site 5401 of 30 pg/L meets the GLWMO
water quality goal (a5 V,glL) as rvell as the MPCA deep lake water quality criterion

e0 pg/L). At

site

5403, the surnmer-average total phosphorus concentration (52 pg/L) does not meet the GLWMO goal

or the MPCA criterion. The total phosphorus data collected from Lake Owasso during 2007 were
generally within the eutrophic (i.e., nutrient-rich) category during the summer.

Chlorophyll

a

The 2007 spring chlorophyll a concentration at monitoring site 5401 was 2 pg/L and at site 5403,

it

was 4 pg/L, placing the lake in the mesotrophic status category. However, as phosphorus
concentrations increase over the course of the sumrner, chlorophyll a concentrations rose sharply in
June to peak in the beginning of July for both sites 5401 and 5403 (peak concentrations of 23 ,p.g/L

and

l6 pg/L, respectively).

This places Lake Owasso in the eutropic category. There was a second

t2
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peak in chlorophyll-a concentration (18 1t"glL) at monitoring site 5403 in the beginning of September
that was higher than the peak in early-July.
The 2007 sulnmer-average chlorophyll-a concentrations at both sites 5401 and 5403 (16 pgll, and
12 p,glL) meet the GLWMO goal of 20

pg/L. However, the chlorophyll-a concentration at site

5401

does not meet the MPCA deep lake water quality criterion Oa p,glL). The chlorophyll a data

collected from Lake Owasso during 2007 were generally within the eutrophic category throughout
the summer, indicating that Lake Owasso is likely to experience nuisance conditions of algal growth.

Secchi Disc
The 2007 spring Secchi disc transparency was 2.1 meters for the both rnonitoring sites on Lake
Owasso, placing lake on the border of the mesotrophic-eutrophic status category. As summer

continued, Secchi disc transparency gradually decreased. At site 5401, transparency reached a
minimum of 1.2 meters in early July. At site 5403, transparency was at its minimum in early August

with a Secchi depth of 0.9 meters. These readings place Lake Owasso into the eutrophic category.
The 2007 summer-average Secchi depth for both sites 5401 and 5403 ( 1.6 meters and 1 .8 meters,
respectively) just meet the GLWMO water quality goal (1.6 rneters) but both do not exceed the

GLWMO established action level (2.45 meters), which mandates the GLWMO to perform intensive
water quality monitoring to begin to address this observed decrease in water quality. Summer
averages at both monitoring sites meet the MPCA deep lake criterion (1.4 meters). The Secchi disc
data collected from Lake Owasso during 2007 were within the eutrophic category throughout the

summer months.
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Trend Analysis
A trend analysis is often performed for lake studies when suffrcient data are available. The analysis
helps identify

if

changes in measured rvater quality indices are statistically significant;

it is a way to

determine whether apparent trends constitute a real decline or improvernent in lake water quality.
The trend analysis for Lake Owasso was run using the past 10 years of water quality data (1998

through 2007). Although there was only a slightly significant trend (80th percentile) with regards to
increases in total phosphorus concentrations in the lake, there was a significant upward trend (95'h

percentile) for chlorophyll-a concentration as well as a significant (90th percentile) decrease in water

clarity (secchi depth).

A visual comparison of the historical the sumlner average values for the various rvater quality
pararneters indicate that there has been a decline in water quality in Lake Orvasso, with current rvater

quality levels being similar to those seen in the early 1990's before the period of improved water
quality during the mid-1990's.

Aquatic Communities
Phytoplankton
The phytoplankton communities, also called algae, in lakes form the base of the food web and affect
recreational-use of the lake. An inadequate phytoplankton population limits the lake's zooplankton

population and can, thereby, lirnit the fish production in a lake. Conversely, excess phytoplankton
can alter the structurc of the zooplankton corlmunity and interfere rvith sight-based fish predation,
thereby also having an adverse effect on the lake's fishery. In addition, excess phytoplankton
reduces water clarity; reduced water clarity can in itself make recreational-usage of a lake less
desirable.
Ramsey County has been monitoring the various types and concentrations of phytoplankton

communities in Lake Or.vasso throughout the summers for the past two decades. This data provides a

look at historic trends in the phytoplankton levels throughout the summer as well as over the years.
Phytoplankton data through the summer of 2005 was obtained from Ramsey County. Brief revierv

of

this historical data indicates that chlorophyta, or green algae, are very scarce in Lake Orvasso and
cyanophyta, or blue-green algae, are typically the dominant phytoplankton species present in Lake

Owasso. Unlike green algae, which serve as a food source, blue-green algae are considered

a

nuisance species as they are generally inedible, float on the surface in expansive algal bloorns, can be

toxic, and can interfere with recreational uses of the lake.

16
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Zooplankton
Zooplankton-rnicroscopic crustaceans-are vital to the health of a lake ecosystem because they feed
upon the phytoplankton and are food themselves for many fish species. Protection of the lake's

zooplankton community through proper water quality management practices protects the lake's

fishery. Zooplankton are also important to lake water quality. The zooplankton community is
generally comprised of three groups: Cladocera, Copepoda, and Rotifera. Cladocera have the largest
impact on lake water clarity as they grazeprimarily on algae and can increase transparency

if

they

are present in abundance. Dapltnia spp. are arnong the larger Cladocera species and are considered

especially desirable in lakes because of their ability to consume large quantities of algae.
Ramsey County has been monitoring the various types and concentrations of zooplankton

communities in Lake Orvasso throughout the summers for the past two decades. In addition, the size
distribution of Daphnia spp. was also monitored. These data provide a look at historic trends in the
zooplankton levels throughout the sumrrler as well as over the years. Data through the summer

of

2006 has been obtained from Ramsey County, processed to estimate zooplankton feeding rates, and
the resuits have been preliminarily revierved by Dr. Joseph Shapiro, University of Minnesota
Emeritus Professor of Limnology. A memo surnmarizing these preliminary results can be found
attached to the end of this technical memorandurn.

Macrophytes
An aquatic plant survey of Lake Owasso rvas conducted by Ramsey County in late-May of 2007

.

Curlyleaf pondweed (Potoutogeton crispus), lvhich can significantly contribute to the phosphorus
load within a lake, was present in Lake Orvasso during the spring of 2007 (See Figure

7).

The non-

native species Euraisan watermilfoil (Myriophyllum spicaturr) was also present in Lake Owasso.
According to the MDNR, Eurasian ivatermilfoil was first identified in Lake Owasso in 2000.
Ramsey-Washington Metro Watershed District (RWMWD) also conducted a mactrophyte survey

of

Lake Orvasso in fall of 2005. This survey also indicated that Euraisan rvatermilfoil (Myriophyllunt
spicatunt) was present in Lake Orvasso. Other macrophyte surveys \^/ere conducted by Ramsey

County in 1985, 1986 and again in 1990. These surveys confirm that Curlyleaf pondrveed was
present in Lake Owasso as far back as 1986.
Macrophytes in Lake Owasso have been both chemically and mechanically controlled for several
decades, although chemical treatment is the predominant control method. Treatments typically occur

in late-May or early-June and target all macrophyte species, not just specific nuisance species such as
Curlyleaf pond weed or Eurasian watermilfoil. Although the MNDR cur:rently limits treatment to l5

t7
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percent of a lake's littoral (shallow) area, the aquatic plant control permit for Lake Owasso has
existed longer than this restriction, and allows for the treatment of up to

2l percent of its littoral area,

or about 62 acres.

Fisheries
According to MDNR's most recent (2001) Lake Survey Report for Lake Owasso, bluegill is the most
abundant species present in the Lake. Small pumpkinseed sunfish were also captured in record levels

of abundance. Additionally, black crappie and yellow perch were netted. Growth rates for the
bluegill, pumpkinseed sunfish, and black crappie were found to be slow and yellow perch exhibited
average growth rates.

Muskellunge and walleye are the primary management species in Lake Owasso. These fish are
stocked by the MDNR biennially. Northern pike were found to be present above median levels for

abundance. Growth rates for all the major predator species were found to be good.
Other species sampled in Lake Owasso include black, brown, and yellow bullhead, green and hybrid

sunfish, and largemouth bass.
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Sediment Gore Analysis
Ten sediment cores were collected from Lake Owasso during the spring of 2007 (see Figure

I for

sediment core locations). Based on the average rnobile-phosphorus content of the lake sediments

collected, the rate of phosphorus recycle from the sediments to overlying lake water is estimated to
be 3.3 mg/m2lday for Lake Owasso. Figure 8 shows the interpolated distribution of the mobile
phosphorus loading rates for Lake Owasso, based on the individual sediment core results.

Table 2 shows how these phosphorus recycle rates compare to the rates calculated for other Metro
Area lakes, using the same methodology, with the average internal phosphorus loading rate
calculated for all of the Metro Area Lakes in being 6.3 mglmzlday. The internal phosphorus loading
rate calculated for Lake Owasso is below this average.

It is important to note that

these rates

represent the maximum potential internal loading rate that the lakes could experience, given the ideal
dissolved oxygen conentrations and mixing conditions. Most of the time, the lakes experience less
phosphorus recycle than these sediment core indicated rates would predict (as they assume perfect

internal loading conditions).
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Table

2

Comparison of Lake Owasso lnternal Phosphorus Loading Rates to Those of
Other Metro Area Lakes

Lake

lnternal P Load

lsles (pre-alum, deep hole)*
Harriett (pre-alum, deep hole)*
Calhoun (pre-alum, deep)*
Fish E**
Cedar (pre-alum)*

10.8
10.5
9.3

Fish W**

8.1

Como**
Harriet"*
Como-litoral**
Calhoun (pre-alum, shallow)*"
Parkers""

7.6
6.9
5.7
5,6
3.5
3.3
2.3

Lake Owasso
Phalen"*
McCarrons**
Bryant**
Nokomis**
Minnewashta""
Christmas**

14.1
11.1

2.O

1.5
1.0

0.2
0.0

Sources:
*Huser and Brezonik (2007)

**Pilgrim etal. (2007)
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Baseline Lake Water Quality Status
There are several tools that can be used to evaluate the baseline (pre-European settlement) water

quality in a lake. This study utilizes two different tools to estimate the expected water quality in
Lake Owasso, including the relationship develop by Vighi and Chiaudani (1985) and the Minnesota
Lake Eutrophication Analysis Program (MINLEAP) as developed by Heiskary and Wilson (1990)
programmed

as

as

part of the Wisconsin Departrnent of Natural Resources Wisconsin Lake Modeling

Suite (WiLMS,2005). Additionally, Lake Owasso rvas paft of a diatom reconstruction projects

perfonned by the MPCA (Heiskary and Srvain, 2002) that estimated the historical trophic status and
phosphorus concentrations of the lake.

Vighi and Chiaudani
Vighi and Chiaudani (1985) developed a method to determine the phosphorus concentration in lakes
that are not affected by anthropogenic (human) inputs. Using their method and information about the

lake's mean depth and alkalinity, or conductivity, the phosphorus concentration in a lake resulting

from natural, background phosphorus loadings can be predicted. Vighi and Chiaudani relationship
rvas used to estimate the expected total phosphorus concentrations at each of the monitoring sites as

well as across the lake as a whole.
The Vighi and Chiaudani relationship predicted the Lake Owasso phosphorus concentration from

natural, background loadings to be 19 prg/L based on specific conductivity. The expected total
phosphorus concentration in Lake Owasso based upon the average alkalinity, which is a better

predictor than specific conductivity, over the pcriod of record was 22 pg/L. The predicted presettlement total phosphorus concentrations based upon the lake's specific conductivity and alkalinity
are lower than the 2007 summer average total phosphorus concentration for Lake Owasso (30.3

pg/L) indicating that some improvement in lake water quality may be attainable, through phosphorus
load reductions.

Minnesota Lake Eutrophication Analysis Program (MINLEAP)

MINLEAP is intended to be used as a screening tool for estirnating lake conditions and identifying
"problem" Iakes and has also been used to identify Minnesota lakes which may be in better or worse
condition that they "should be" based upon their location, rvatershed area, and lake basin
morphornetry (Heiskary and Wilson, i990).
Using the long-term surnmer average total phosphorus, chlorophyll-a, and secchi depth, MINLEAP
estimated the expected concentration or depth of each of the above parameters as well as the standard

23

ATTACHMENT C

error associated with the average values. For total phosphorus, the expected concentration was
estimated to be 40 pg/L (with a range of 25 pglL to 55
concentration was estimated to be 14.3

pgil (with

pg/L). The estimated chlorophyll-a

a range

of 5 pgll, to 23.6 pglL). The estimated

secchi depth for Lake Owasso was 1.6 meters (with a range of 0.9 meters to 2.3 meters). For all

water quality parameters, the actual monitoring data falls within the expected ranges for a lake with
conditions sirnilar to Lake Orvasso.
Water Quality Reconstruction from Fossil Diatoms
Diatom reconstructions of historical phosphorus concentrations can provide an opportunity to
examine temporal and spatial trends in eutrophication, helping identify the timing and extent

of

cultural disturbances as well as identifyingpredisturbance conditions (Reavie et al., 1995). In2002,
the MPCA completed a study of diatoms in 55 lakes within Minnesota, including Lake Owasso

(Water Quality Reconstruction frortt Fossil Diatonts: Applicatiotts

for

Trend Assessment, Model

Verification, and Developtnent of Nutrient Criteriafor Lakes in lt4innesota, USA).
The results of the diatom analysis for Lake Orvasso indicates that pre-European settlement, the lake's

totalphosphorus and chloride levels suggested mesotrophic (i.e. 10 < [TP] <25 p"g/L) conditions.
Significant increases in total phosphorus and chloride occurrcd in the 1970's and 1990's, Iikely the
result of development in the watershed and surrounding road netrvork. Data from the rnid to late1990's indicated declining total phosphorus levels, likely reflecting a period of less development and
increased efforts to improve stormwater retention and treatment upstream of the lake. The sediment
and diatom analysis also indicated that sediment accumulation rates increased steadily from i900,

with peaks in 1960 and 1980; some reductions in accumulation rates is evident since that time, again

likely linked to decreasing development and use of stormwater treatment practices.

Lake Owasso Water and Pollutant Loads
Watershed Pollutant Load Modeling
Runoff

Vo

lume Calibration

The computer model P8 (Prograrn for Predicting Polluting Particle Passage through Pits, Puddles and
Ponds, IEP, Inc., 1990) was used to estimate both the stormwater runoff and phosphorus loads

introduced from the entire Lake Owasso watersheds. P8 is a useful diagnostic tool for evaluating and
designing watershed improvements and Best Management Practices (BMPs). However, when
evaluating the results of the modeling, it is important to consider that the results provided by the

model are more accurate in terms of relative differences than in absolute results.
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Because there were 3 runoff monitoring stations located around Lake Owasso during the summer

of

2007 (operated by the Ramsey-Washington Metro Watershed District), the estimated watershed

runoff to Lake Owasso could be calibrated to actual flow data. Figure 9 shows the results of the
runoff volume calibration for the monitoring sites at Galtier Street, County Road C and West Owasso
Boulevard.
To verify that the P8 predicted runoff volumes to Lake Owasso seemed reasonable, and to help
estimate the lake's expected groundwater exchange, a daily water balance model was developed to

predict daily water surface elevations for Lake Owasso. These predicted lake levels were then
compared to the actual lake levels measured by Ramsey County. The water balance incorporates

direct precipitation, evaporation, watershed runoff, discharge based on the Lake Owasso outlet
structure rating curve, and the estimated groundwater exchange. Figure 10 shows the results of the
2006 through2007 water balance for Lake Owasso.

Po|lutant Loading Calibratiort

In addition to runoff flow data, there were also rvater quality samples taken during storm events at
each of the runoff monitoring locations. As a result, a detailed calibration of the particle and

pollutant relationship in P8 was able to be perfomred so that rnodel results would closely mimic the
actual rnonitoring data from each of the sites.

Review of observed water quality rnonitoring data revealed that at each site, several of the events
were not sampled over the entire storur event duration or there were few water quality samples taken
over the duration of the storm event flow (c.g. only one sample collected during the entire event).

Therefore, these events were not used for the pollutant calibration. The monitoring site at County
Road C only had one complete event rvater quality monitoring data available for the entire summer

of

2007, therefore, pollutant loading calibration was limited at this site. Table 3 surnmarizes the total
measured versus predicted poilutant loads for all events at each of the monitoring sites.
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Table

3

Lake Owasso 2007 P8 Pollutant Loading Model Results

Site 1: Galtier Street'

Site

2: County

Road

Cb

Site

3:

West Owasso

Blvd"

rss

rSS (ks)"

TP (kg)"

Measured

460"

1.4

(kg)"
35"

Predicted

500'

1.3'

150

8.7%

-7.10/o

To

ab
cd-

-

Error

57j%

TP (kg)

TSS (kg)"

TP (kg)"

0.3

203

0.5"

1.0"

90"

0.4"

60.5%"

20%

230o/o

5 storm events from 2007
1 storm event from 2007

8 storm events from 2007

Total load from all storm events

There is a significant amount of treatment in the Lake Owasso watershed as there are numerous small
lakes, ponds, and wetlands throughout the area that remove total suspended solids and phosphorus

from runoff. Figure 11 summarizes the total phosphorus removal efficiency by treatment device.
This figure indicates that much of the Lake Owasso watershed experiences at least 40 percent
removal of total phosphorus from runoff. The areas rvhere there is typically limited phosphorus
removal are primarily located in the direct and east drainage districts around Lake Owasso.
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Notes.'
Personal Communications with the City of Shoreview Department ot Public Works indicates that ice build-up around the outlei structure during the winter months limits
discharge from Lake Owasso during this period. The water balance assumes that during the months of December - March, the discharge trom Lake Owasso is equal
to 0 (zero) cfs.

-

N4DNFlWaterBalanceprogram wasusedtoestimategroundwaterexchangeduringseveralperiods(7/11/2006-1013012006141512007-512312007i61112007-913012007).
These periods were selected based on the season and Iake water surface elevation as compared lo the outlet elevation, to address the uncertainties in the lake rating
curve as the result of winter ice build-up. During the period ol December through March, groundwater exchtrge was assumed to be negligible.
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ln-Lake Water Quality Modeling

While the P8 model is a useful tool for evaluating runoff volumes and pollutant concentrations from
a watershed, another method is needed to predict the in-lake phosphorus concentrations that are

likely to result from the various phosphorus loads to the lake. The in-lake modeling methodology
used for this study is two-fold: First, the spring total phosphorus concentration is estimated with

a

steady-state, annual empirical lake model. Second, a spreadsheet mass balance model based on

Dillon and Rigler (1974) is used that starts with the estimated spring concentration (frorn the
empirical model) and routes external and internal phosphorous ioads through the lakes over many
time steps throughout the growing season (June through Septernber), calibrating the loads to the
observed TP concentrations.

Lake Owasso 2007 Load Summary
For the existing land use conditions in the Lake Owasso rvatershed, rnodeling simulations indicate an

amual total phosphorus load to Lake Orvasso from the immediate watershed during the water year
(using May 1,2006 through

April 30,2007) of

118 lbs, and a watershed stormwater runoff volume

of

574 acre-feet. The amual water and phosphorus loads are equivalent to 2.6 inches of surface runoff
per acre and 0.044 lblacre, respectively (assurning a rvatershed area of 2685 acres, excluding the
surface area of Lake Owasso (375 acres)).

Although these water and phosphorus loads may seern low, it is important to note that during the
summer of 2007, there was no discharge recorded from the south drainage district to Lake Owasso

(which accounts for slightly more than half of the total watershed area) until the end of August. P8
modeling for 2006 and2007 also indicates that there were periods of no discharge fi'om the south
drainage district as well. Additionally, there is a significant amount of treatment in the various lakes,
ponds, and wetlands throughout the rvatershed, resulting in an overall phosphorus load to Lake
Owasso that is less than the phosphorus load from the watersheds alone.

Analysis of the Lake Orvasso phosphorus budget for 2007 suggests that under existing conditions, the
watershed loading is a small portion of the total phosphorus load to the lake, contributing only

l9 percent ofthe lake annual phosphorus load

and 40 percent

ofthe annual rvater load

(see

Figure 12), excluding groundwater impacts. In addition to watershed loading, there are other
extemal sources of phosphorus and water loading to Lake Owasso, including atmospheric deposition
and direct precipitation, and at times, groundwater inflows.
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Based on the in-lake water quality model predictions, the net intemal phosphorus loading in Lake
Owasso for 2007 was estimated to be 418

lbs. This internal loading comprises

67 percent of the

annual phosphorus loading to Lake Owasso, and is most likely related to the release of phosphorus

from thE dicback of Curlyleaf pondweed (and other macrophytes that died as the result of the
herbicide application in June of 2007) and the release of phosphorus from the lake's bottom
sediments. The sediment core analysis indicates that intemal loading from the lake's bottom
sediments is possible and review of the in-lake water quality data by sample depth also shows that for

much of the summer, the hypolimnion of Lake Owasso becomes anoxic and phosphorus
concentrations are significantly higher that at the surface. Figures 13 and 14 show the distribution

of

phosphorus sources to Lake Owasso in the summer of 2007 for basin 5403 and 5401, respectively.
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Lake Owasso AnnualWater Budget (1433 acre-ft)
Model Calibration Year (5/1/2006 - 413012007)

Watershed Runoff
574 acre-ft
40%

Direct Precipitation
859 acre-ft
600/"

Lake Owasso Annual Phosphorus Budget (626 lbs)
Model Calibration Year (51112006 - 413012007)
Watershed Runoff

118lbs
19/"

lnternal Load

Atmospheric Deposition
90lbs

418lbs

14o/"

67o/o

Figure 12
Lake Owasso AnnualWater &

Phosphorus Loads
Model Calibration Year (51112006 - 4l3Ol2O07)

Draft
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Conclusions to Date
. phytoplankton communities are typically
,

dominated by blue-green algae species

quite small. As grazing rates
Zoopla*ters in Lake Owasso, including Daphnia species, are
zooplankton is
are proportional to the cube of body lengths, the gtazing of algae by
consequentlY low.

.

during the
The Lake owasso outlet and discharge appear to be impacted by ice conditions
winter months.

.

2007
Watershed runoff has limited impacts on water quality in Lake Owasso during

o

Significant removal in watershed lakes, ponds, and wetlands

o

from
Significant runoff storage in the watershed resulting in periods of no discharge
some Ponds and watersheds

.

Internal loading plays a major role in the Lake Owasso phosphorus budget'

o

Macrophyte management and natural die-back of Curlyleaf pondweed appear to
impact lake water quality by increase total phosphorus concentrations

o

Phosphorus release from anoxic sediments
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Continued Tasks
. Evaluation of Future Land Use Scenarios for 2007 Conditions

'

Estimation of Critical Management Conditions. Critical management conditions typically are
related to various climatic conditions (i.e. wet, dry, and average conditions).

.

Evaluation of Critical Management Conditions for existing and future oand use conditions

'

Evaluation of BMPs to address significant P-Loads (both internal and external)

-

using 2007

and critical management (existing and future LU) scenarios.

Focus on BMPs that

will

address the following:

.

Curlyleafpondweed/othermacrophyte treatment

.

Anoxic sediment phosphorus release

.

Watershed loads

.

Further discussion of RWMWD shoreland restoration analysis

'

Managernent of phytoplankton and zooplankton
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MEMO

To: Hal

Runke, Barr Engineering Co.

From: Joseph Shapiro
Date: January 21,2008
Subject: Lake Owasso Zooplankton Grazing Rates

As noted previously, there doesn't seem to be a great relationship between chlorophyll
and grazing intensity when the two are plotted against each other (see following graph
and tables). However, when both are plotted vs year, several years, i985, 1990, and 1994
in the spring data, do show an inverse relation; and in the later data,1987,1993 and 2006
show the same. I don't think these are accidental. However, the zooplankton data you sent
to me show that the zooplankters, including Daphnia, are really small. As grazing rate is
proportional to the cube of body length, I am not surprised by the lack of more relations.
Whether the lack of larger grazing zooplankters results from destruction of refuges by
eliminating macrophytes is moot. The lake is large enough that most daphnids would be
distant from such refuges, and would probably instead migrate downwards at night to try
to avoid predation by the fish. To my mind, I suspect the fish population, which I
remember as comprising innumerable small zooplanktivores, is a much greater influence
in maintaining small-bodied zooplankters. This winter may, because of the heavy snow,
result in many of the planktivorous fish dying under the ice, leading to increased
transparency in 2008, as the grazers respond by become larger, or possibly as D. pulex
shows up, as it often does in winter-kill lakes. The data show that the highest
transparencies in L. Owasso often are linked to low chlorophyll values ( i.e. the
transparency is more a function of chlorophyll rather than being controlled by suspended
silt, or by water color,so the lake may look better next spring and summer.

I

suspect that the Secchi Disc program has a lot of data on the lake, and comparing these
with snowfall records may be illuminating.
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Earty Summer (May or June) Secchi Depth Maximum Valu
DaPhnia
Secchi

Date

Chta

Depth

6/1 1/1985

2.7

il24fi86

2.4

5n41987

3

5/1€tr1988

3.4
4.5

512411989

5/411990
5/29/1991

4.5

5t26t1992
5t24{1993

5.4
5

ilzJ1994

6.9

4.1

6/19/199s

5

5/28/1996

4.1

5/16i/1997

4.2

6/9/1998

6/41999

4.1
4.1

512g2A0A
st2N2AO1

2.9

3

512912002

6

s|112003
513/2004

4.1

5i23l2006

4.1

4.4

Grazing

5.37 O.489 3,95 14.609
2.95 9.166
3.03 3.547
1.63 3.476
5.?7 1.138 *
5.75 7.539
2.90 13.44{t
3.80 11 .529
0.55 13.875
2.65 1.237 1.25 2.44
1.15 3,860
3.99 1.270
4.75 4.265
9.2 0.919
4.7 4.536
0.9 0.818
1.95 0.535
1.75 10.398
5.18 4.734

Late Summer {August or Sept) Chl a Maximum Values
Daphnia
Secchi
Grazing
Chla
1.2il:'$
8/16/1985 0.8 20.03
2.599
1.2 18.67
s/u 1986

Date Depth
8t2811987
1988
811Si/1989
az?J1gg}
9/4/1991
a2411992
8/19/1993
8/15i 1994
9/7/1995
e/15i 1996
8i2711997
8/1?J1998
8/31/1999
8/11i

il7n\aa

1.3
1.1
1.1
1.1
0.8
1.3
I
1.5
.3
.2
1.2
2.7
2.7
1
1

2.2

&/16i/2001 .6
8{1d2AO2 1.2
e/5129.03 .s
1

1

sr1d2004 0.9
s/18i12006 0.6

16.30

8.297

2s.63

o.729

19.63
26.47

0.096

10.50
16.40
19.60
14.55

0.951

15.35
23.85
17.95
5.05
4.60
7.44

0.249

12.05
14.70
15.e0

0.311

30.55

0.341

60.s1

o.472-

-

o.00O,Fd

6.762
4.539

-

o.574td
1.175
1.018

0.019
0.600

0.t63
3.616

-
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8.0 Recommendations
Many in-lake improvement options and site-specific structural BMPs rvere evaluated as to their
feasibility and cost-effectiveness in the course of this UAA. Ultimately. the recommended approach
for improving the Lake Owasso water quality involves adaptive rnanagelnent. or a rnanagement
approach that involves monitoring the outcomes of implernented projects. and based on the results.

modit'ies or improves on the way the systern is managed. Several BMPs were evaluated that may

significantly improve the rvater quality in Lake Owasso. While the main goals of the recommended
BMPs are to reduce phosphorus concentrations and increase water clarity" an added benefit of the
increases in water clarity may be the enhancement of native macrophyte

community. The

recommended BMPs include those that should be irnplemented first. either in the lake or within the
watershed, to begin addressing the loads to Lake Or.vasso. A second tier of ''Future BMPs" are

identified as possible pro-iects to be implemented once the irnpact of the first BMPs implemented can
be evaluated.

ln addition to the implementation of BMPs to improve water quality in Lake Owasso. there were
potential sources of phosphorus to the lake identified that are not fully understood at this time, such
as the internal

loading in the Central Park

-

East and West wetlands and the Charlie Pond system.

Modeling has demonstrated that reductions in these loads can result in a significant improvement in
Lake Orvasso's rvater quality. To better understand these s,v"stems, and to help develop appropriate
management plans to reduce Ioading to Lake Owasso, additional monitoring and studies are
recommended before any specific BMPs are implemented.

The follorving sections sumlnarize the recommended monitoring and studies for Lake Or.vasso and its
rvatersheds, as well as the structural. in-lake. and nonstructural BMPs recommended for Lake
Orvasso.

8.1

Additional Monitoring & Study Recommendations

8.1.1 Water Quality Monitoring in Central
Charlie Pond System

Park

-

East and West Wetlands and

It was determined from the 2007 and 2008 runoff monitoring efforts and the Lake Owasso watershed
rvater quality rnodeling that some of the rvetlands within the Lake Owasso r,l'atershed experience
some internal phosphorus loading that contributes to the overall total phosphorus loading to Lake
Or,vasso.

Barr Engineering

Company
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To better understand the water quality in these ponds, and wetlands through the summer. rvater

quality monitoring for an additional summer is recommended. This water quality rnonitoring should
occur in the deepest portions of the Central Park

-

East rvetland, the Central Park

- West rvetland,

and the Charlie Pond system. Sampling should begin in early-May and continue through the end

of

September. Samples should be collected every tlvo weeks
The water quality monitoring should focus on collecting grab samples (to be analyzed for total

phosphorus. dissolved phosphorus, chlorophyll a, and total suspended solids). Additionally,
dissolved oxygen. temperature. and pH profiles in the deepest locations in each of these wetlands
should also be collected.
The estimated cost for this additional monitoring is expected to range from $7.000 to $9,500

including field work. laboratory analysis, and a brief technical memorandum discussing the
laboratory results. See Appendix N for a more detailed breakdown of the cost estimates.

8.1.2 Fisheries lmpact Study on Water Quality
Carp, along with other benthivorous (bottorn-feeding) fish, can have a direct influence on the
phosphorus concentration in a lake or water body (LaMarra, 1975). They can also cause
resuspension of sediments in shallow ponds and lakes, causing reduced water clarity and poor aquatic

plant growth. as well as high phosphorus concentrations (Cooke et al.. 1993).

MDNR fisheries surveys for Lake Owasso (2001) and Bennett Lake (2006) indicate that carp are
present in low numbers in both lakes. A 2006 MDNR population assessment also supports that carp
are present in Lake Owasso. From the 2007 Lake Owasso user survey, 42 percent of respondents

indicated that the fishery in Lake Owasso includes a large rough fish population, including carp.

Additionally. carp were observed in the Central Park

-

West (County Road C) rvetland in both the

spring and summer of 2008.
Carp activity may contribute to the estimated internal phosphorus load within the Central Park

-

West (County Road C) wetland. Additionally, carp activity within Lake Owasso may also be source

of phosphorus to the lake. To better understand the carp activit;" in the system and the potential
contribution of carp to the phosphorus loads to Lake Or,vasso, a study is recommended to better
understand the fishery, focusing mainly on carp and other benthivorous fish.

The results of this study should provide a better understanding of carp populations in the system,

including Lake Owasso. Bennett Lake. and the Central Park

-

West (County Road C) and Central

Barr Engineering Company
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Park

- East wetlands. Because these water bodies are directly-connected

to each other rvith very

little change in elevation between the water bodies, carp populations likely move between the water
bodies. Therefore, potential items to be considered when scoping this study should include:

I

Quantifying carp population in all four water bodies

o

Typically, netting significantly underestimates cary populations in MDNR fishery
surveys (e.g. Lake Owasso and Bennett Lake fishery surveys).

o

Netting is typically difficult in shallow areas and may not be able to be done in the
Central Park

o
.

-

West and Central Park

-

East wetlands.

Electrofishing may be an option in the wetlands although backpack electrofishing
may be limited by depth of wetland and by substrate on the bottom of the wetland.
However, access with a boat equipped with electrofishing equipment may also be
Iimited.

Tracking carp movernent between the water bodies in the system. throughout the course of a
year (Dr. Peter Sorenson from the University of Minnesota has done similar tracking of carp

in several west rnetro area lakes)

'

Identification of the key carp sparvning locations within the system

o
r

Understanding of how other Lake Owasso fish populations rray use the Central Park
- West rvetland (spawning. feeding, etc.)

Collection of water quality grab samples in the Central Park

-

West wetland during the study

period to estimate potential impacts of carp activity on water quality (total phosphorus and

total suspended solids) (See discussion Section

8. I .1 )

Because of the need for more detailed investigation into the scope of this project as well as the

potential variability in the scope. estimated costs for this study have not been developed. However,
potential partnerships rvith the University of Minnesota and the MDNR rnay be possible as there is

significant interest in carp management in lakes, and there is currently research being conducted to
better understand this invasive fish.

If the study of the fishery concludes that the activity of carp in the system is having a significant
irnpact on the water quality of Lake Owasso and the Lake Owasso-Central Park West wetland

-

Bennett Lake system indicates that carp management may be an option. a typical management

strategy would include the cornbination of the tbllowing key steps: elirnination of reinfestation,
suppressment of recruitment, and removal of adult carp (Sorenson, 2009). Removal and management

of carp rvould require permitting and guidance frorn the MDNR.

Barr Engineering

Company
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Supressment of recruitment involves preventing the eggs from hatching or preventing the young from

surviving. This can be achieved by preventing adult carp frorn spawnittg in nursery areas along with
removalof adult carp. A single f'emale carp can lay up to 2 million eggs during spawning (Sorensen.
2009). Elimination of reinfestation rneans "blocking" the movement of carp between u.aterbodies.
Both the suppressn'lent of recruitment and the elimination of reinfestation can be achieved through
the use

offish barriers. Physical barriers

and electric barriers have been used to control the

movement of carp between water bodies. More recently, sonic barriers (using bubble curtains) are
being studied and implemented to control carp rnovement.

Many electric f'ish barriers have been installed to control the movement of carp between water
bodies. Although these barriers can be fully effective at preventing the movement of carp. their
success is linked to the maintenance of the electrical current. As a result, autornatic back-up
generators are required to maintain the electric field during power outages. AIso, a dropping fine
screen is recommended should there be complete power failure. Electric barriers require a budget for

monthly operation and maintenance costs, as they need to be constantly supplied with electricity.
Current cost estimates for installations of electric fish barriers on two lakes in southem Minnesota
ranged from $250,000 to $300.000. This cost includes equipment and installation but does not

include the estimated monthly operation and maintenance costs.
The final step in carp management includes the harvesting of adult carp in the lakes, Carp harvesting
has been performed on many lakes in the

Twin Cities rnetropolitan area. It is important to note that

carp harvesting, and its potential impact on the long term management of carp populations, may not
alrvays be an option for a lake (Sorensen, 2009). A study of the carp within tlre Lake O'wasso system

should provide a better understanding of the carp population as well as the potential to manage this
species.

8.1.3 Sediment

Core Collection and Analysis

Release of phosphorus from sediments within water bodies within the Lake Owasso watershed may

contribute to the estimated internal phosphorus load from the rvatershed. Collection and analysis
sediment cores

will help

of

better understand the mobile phosphorus associated with the sediments in

these waterbodies and their potential contribution to the phosphorus loads to Lake Owasso. Along

rvith nrobile phosphorus, the sediment cores rvill be analyzed for organic phosphorus and total iron.

Additionally. the water quality monitoring proposed for these water bodies (see Section 8.1.1) will
help deterrnine reasons for the phosphorus release from sediment (e.g., ls the release the result

of

anoxic conditions along the sedirnents? Is the release of phosphorus as the result of pH conditions?).
Barr Engineering Company
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The collection

of l0 sediment cores is proposed fbr anytime after ice out (April).

Cores would be

collected in the following water bodies (# of cores proposed):
Central Park

East (Dale Street) wetland

Central

West (County Road C) wetland (4)

Park -

(I

)

Bennett Lake (2)

Charlie Pond System (3)
The estimated cost for the sediment cores collection and analysis is $7,900. See Appendix N for

a

more detailed breakdown of the cost estimate.

8.1.4 Water Quality Monitoring in Lake Owasso - Shallow

Area

Although the deep areas of the lake strongly stratify, mixing and sediment resuspension are likely
occurring in the shallow areas

as the result

of wind and motorboat activity. It is unclear rvhat the

potential rnixing in the shallow areas of the lake has on the overall rvater quality observed in Lake

Owasso. Therefore. additional monitoring in the shallow area of the lake is recommended to help
understand the water quality and mixing dynamics in the shallow areas of Lake Owasso, Sampling

should begin in May and continue through the end of September. Sarnpling should occur monthly (a

minimum of 5 sarnples collected through the summer) should include the collection of samples at

I

meter depth increments, at a minimum sampling al the surface and along the bottom sediments.

Monitoring should include analysis of the following parameters: total phosphorus, total dissolved
phosphorus, Secchi depth, chlorophyll rr, dissolved oxygen. temperature, pH, and specific

conductivity.
This recommendation assumes that Ramsey County
shallow monitoring site, and that monitoring at Site

ivill collect the water quality samples at the
5401 (he north. deep basin) rvill be perfonned

as

part of Ramsey County's regular lake monitoring program. The estimated cost for water quality

rronitoring at a second site in Lake Owasso for one year, including field collection, laboratory
analysis, and a brief technical memorandurn discussing the laboratory results is expected to range

from $1.800 to $2,800. See Appendix N for a more detailed breakdorvn of the cost estimate.

8.2

Structural BMP Recommendations

Several structural BMPs rvere evaluated as part of the feasibility analysis" including the

implementation of NURP water quality treatment ponds, the irnplementation of regional infiltration
BMPs as well as the development of extended detention in the bay on the southside of Lake Owasso.
However, of the structural BMPs evaluated, the implementation of infiltration BMPs throughout the
Barr Engineering Company
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watershed appears to provide the most benefit to Lake Owasso water quality. as discussed in the

fbllowing section.

8.2.1 lnfiltration

BMPs lncorporated in the Watershed

The watershed and in-lake water quality rnodeling of Lake Owasso has dernonstrated that infiltration

of stormrvater runoff throughout the watershed can reduce the total phosphorus load to the lake and
improve the overall rvater quality in Lake Orvasso. Several potential sites for more regional

infiltration BMPs rvere evaluated as part of the feasibility study. Though no single project would
result in a dramatic improvement in rvater quality in Lake Orvasso. the curnulative impact

of

infiltration BMPs distributed throughout the rvatershed can improve the overall lake water quality.
No specific infiltration projects are recommended at this time; however, we recommend that the

GLWMO and the Cities of Roseville and Shoreview continue to promote the use of infiltration BMPs
as opportunities associated rvith redevelopment and road reconstruction arise and rvhere site

conditions are conducive to infiltration.An excellent example of incorporating infiltration BMPs
along with road reconstruction and other infrastructure improvements projects isthe lltoodbridge
Street Neighborhood Road Reconstruction Project in the City of Shoreview. This project, to be

completed during the summer of 2009. incorporates the use of pervious pavement on several streets

in the Lake Owasso watershed on the eastside of tl're lake. including Woodbridge Street, Owasso
Lane East, Jerrold Avenue. Edgewater Avenue, and Soo Street. As designed. the proposed

stormrvater management for the project
event and

will elirninate

will infiltrate stormivater runoff for storms up to the l0-year

a direct stormwater discharge to Lake Or.vasso. This project

will provide

runotTvolume reduction and phosphorus load reduction in a portion of the watershed where runoff is
currently untreated.

8.3

ln-Lake BMP Recommendations

Several in-lake BMPs were evaluated as part of the feasibility study including the management

Curlyleaf pondrveed in Lake Owasso

as

of

well as a whole-lake alum treatment to minimize release of

phosphorus from the lake's bottom sediments. Because the treatment of Curlyleaf pondrveed is
estimated to have the most significant impact on Lake Owasso's lvater quality. it is the primary

recommended in-lake water quality BMP.

8.3.1 Herbicide Treatment of Curlyleaf Pondweed
Curlyleaf pondweed can be managed by treatment with herbicide. Because Curlyleaf pondweed is
such a significant portion of the phosphorus budget,

it is the recommended management approach for

Barr Engineering Company
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Lake Owasso. Herbicide treatment of Curlyleaf pondweed consists of annual spring herbicide
treatment until this species is removed frorn Lake Owasso. Treatment rvould occur in late-April or

early-May rvhen the water ternperature is approximately 55 to 60" F. Assutning normal plant grorvth
conditions. treatment rvould be completed by the second rveek of May. Curlyleaf pondweed would
be treated rvith the herbicide Endothall at a dose of approximately

I mgi L.

To rerrlove this species

from the lake. treatment u,ould need to continue annually until Curl),leaf pondrveed and viable
turions are eliminated. Treatrnent would be erpected to continue for four years. although sorne spot
trearments could occur after this period to attain

thgU+ifct goal. The i:stimated total cost of the

t-

yearCurlyleaf pondweed management program i&\q19,000,lncluding obtaining the treatment permit
from the MDNR. treatment of the lake, as rvell

as the

monitoring and reporting that is required by the

MDNR. Detailed cost estimates for the Curlyleaf pondrveed treatment in Lake Owasso can be found
in Appendix N.

It is also important to note that the management of Curlyleaf pondweed as described in this section is
different than the rnacrophyte management that currently happens in Lake Owasso. Since this BMPs
rvould reduce the arnount of Curlyleaf pondweed in the spring and result in increased clarity. it is
possible that native macrophytes

will

expand their range. Also, since the MDNR permit would be

specifically for the management of Curlyleaf pondweed. it may not be possible to manage for other
)

,t

,l

)'

macrophytes later in the summer as is cqrrently
done.i'i
n
'
.,
i
rltu'l"
,72^+-/-'ortri
,fi
fii*r /

Tlrr
"J*
"'t(i#^1"' 8.3.1.1 TreatmentPermit

An aquatic plant managerrent control permit must be obtained from the Minnesota Department of
Natural Resources (MDNR) prior to herbicide treatment of Lake Owasso. In addition, since more
than l5 percent of the lake rvould be treated with herbicide. a lefter of variance must be obtained
frorn the MDNR. To maximize the effectiveness of the treatment. lake home owners would be asked

to sign a permission form granting GLWMO permission to treat the area from the property boundary

to 150 feet out. Should any residents not choose to sign the permission tbrm. the area from property
boundaryto l50feetoutwouldnotbetreatedfortheseresidents,buttherestofthelakewould
receive treatrnent.
The estimated cost to attain a letter of variance. treatment permit. and letters of permission to treat

within 150 feet of riparian property boundaries is 56.500. The treatment permit rvould require
monitoring to detennine treatmenl effectiveness. Monitoring details are discussed in the following
sections.

Barr Engineering Company
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.

Average number of all subrnersed species at each sample point and the standard error

.

Observed maximurn depth of vegetation growth.

8.3.1.3

BiomassMonitoring

The MDNR requires, collection of biomass sarnples from 35 sample locations. during each sample
event, to determine treatment effectiveness and the effect of treatment on the native plant

community. Sample locations in the pre-treatment survey would be limited to locations containing
Curlyleaf pondweed. The purpose of lirniting pre-treatment sarnple locations to locations containing
Curlyleaf pondweed would be to insure that the data adequately show treatment effectiveness.
Biomass samples collected during the two post-treatment surveys would be collected from the same
sample locations sampled during the pre-treatment survey. The pre-treatment and post treatment data

would be compared to deternine the reduction in Curlyleaf pondweed biomass and the increase in
native plant biornass follorving treatment.
Samples would be collected using a rake attached to a pole. At each sample point. the rake rvould be

lowered from the boat perpendicular to the bottom and then raised up to the water surface while

slowly being twisted in a clockwise direction. Plant species from each sample would be separated
into species and oven-dried to a constant weight.

8.3.1.4

TurionMonitoring

The MDNR also requires collection of turion samples from 35 sample locations in October to
determine the potential for new Curlyleaf pondweed growth during the subsequent year. Sample
stations would be the 35 biomass sarnple stations. Samples would be processed and the number

of

turions at each sample location would be determined.

8.3.1.5

HerbicideResidueMonitoring

Herbicide residue monitoring would determine herbicide concentration in the rvater column during a

21 day period after treatment. For management of Curlyleaf pondweed. a 48 hour contact tirne
Endothalt at a concentration of

l

of

0 mg/L would be required for effective treatment. Herbicide

residue rnonitoring at one and two days after treatment would measure herbicide concentration in the

water column and determine whether the required contact time had been attained. Herbicide residue

monitoring would also show the degradation rate of the herbicide. Knowing the degradation rate of
the herbicide would be necessary to verify that the herbicide degraded prior to the growth ofnative

vegetation and, hence, did not adversely impact the lake's native community. Endothall is expected
to degrade into carbon dioxide and water within

2l

days after treatment.

Barr Engineering Gompany
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Herbicide residue sarnples would be collected fiom 2 locations within Lake Owasso. The stations
rvould be Iocated at the south end of the lake as well as in the northern portion of the lake near the

outflow. Samples would be cotlected at | ,2,7, I 4" and 21 days after treatment. Sample collection
rvould be at mid-depth.

8.3.1.6

Analysis and Reporting

Monitoring data would be analyzed and reported annually to the MDNR. The analysis and report
would determine the degree of Curlyleaf pondrveed control attained and confirm the positive or
neutral effect of the herbicide treatment on the native plant community. The analysis would include
the preparation of maps showing Curlyleaf pondweed coverage prior to and following each herbicide

treatment. Analysis of the native plant community would include both an analysis of individual
species and a community wide analysis. Specific analyses to be performed inch,rde frequency

of

occurrence and density (low, average, high) of individual species, diversity of the plant community.

floristic quality index of the plant comrnunity (would determine the average quality of the plants
cornprising the community). percent open area" and percent similarity of the plant cornmunities
betrveen saurple events rvithin each year and betrveen years. Plant biomass would be compared
between sample events to evaluate the decline in Curlyleaf pondrveed and to evaluate the response

of

the native planl community to the treatment. Turion numbers would be evaluated to confirm an

anticipated decrease in turions from the reatments. Herbicide residual monitoring data would be
analyzed to confirm the correct application

ofthe herbicide and to evaluate the herbicide degradation

rate to confirm that the herbicide caused no harm to the native plant community. The data analysis
and report would be submitted to the Minnesota DNR annually to confinn compliance with permit
requirements.

8.3.1.7

Monitoring Gost Estimate

The estimated cost to complete the monitoring progrdm, including aquatic plant. biomass, turion. and

herbicide residu6, is $183,700. The aquatic plant monitoring cost assumes the MDNR rvould require
an aquatic plant survey

of

150 sample points and biomass and turion samplin-e at 35 sample points.

If the MDNR would require either more or ferver sample points, the cost would change accordingly.

8.3.2

Future ln-Lake BMP: Alum Treatment

The recommended BMP to address internal loads in Lake Owasso is the management of Curlyleaf

pondweed. The Curlyleaf pondweed management plan,

if

implemented, u,ill occur over a four-year

period. However. if rvater quality in Lake Orvasso has not irnproved after the management of
Curlyleaf pondweed to the desired levels (or does not meet the GLWMO goals and the MPCA deep
Barr Engineering Company
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Help Save Birds: All Day, EveryATTACHMENT
Day! C
Did you know that you can save birds at your home or office?
Bird threat #1: During the day, birds can strike buildings when they see their environment reflected in the windows and mirrored exteriors of
buildings, or perceive transparent glass on buildings and walkways as clear passage. Birds also strike windows when they see interior plants and
trees and try to take refuge in them.
Bird threat #2: During the night, during spring and fall bird migrations when inclement weather events coincide, birds can be attracted to
lighted buildings resulting in building collisions, entrapment, energy expenditure, and exhaustion. If they survive until daybreak, birds find
themselves trapped in a maze of reflective buildings and collide with the windows and reflective walls trying to escape.
Bird threat #3: During the day and night, cats can kill birds when they’re roaming freely outside.

Here’s what you can do:
Cover outside of windows with a pattern of
any shape following these pattern rules:
vertical stripes should be at least ¼ inch wide
with a maximum spacing of 4 inches, and
horizontal stripes should be at least ¼ inch
wide with a maximum spacing of 2 inches.
Spacing should be smaller for hummingbirds.
When using patterns other than stripes, closer
spacing of elements is recommended. Patterns
should contrast enough with their background
to be seen clearly by birds. Make glass visible to
birds on the first two to three stories or the
height of the surrounding vegetation. At the
very least, treat known problem windows.
If you feed birds,
once you have treated your glass
using the window pattern rules,
be sure to place your bird feeder
3 feet or less from your windows
(e.g. suction cup design).

If the lights are on when
you’re leaving for the
evening, turn off office
lights, especially in
windowed offices.
If you have cats, try to keep them
indoors. Otherwise, leash them
when they’re outside, or keep
them in outdoor screened cat
porches. Unfortunately,
there’s no way to save
birds from cats. Even
bells on collars have
proven ineffective.
Plus, given the many
safety threats to cats while
outside(disease, parasites, toxins,
predators, etc.), both cats and
birds are safer when cats are kept
from roaming freely outside.

If you use spot lighting or outdoor
lighting, eliminate these lights or
turn them off at a specific time
each night (e.g. 10pm) during
the bird migration seasons, which
vary by location (e.g., mid-March
through May and mid-August through October).
.If you have indoor plants,
trees and shrubs, move them away
from windows far enough that they
can not be seen from outside by
birds at window level.
Use blinds, shades or screens. If you don’t have
blinds, shades or outer insect screens for
your windows, consider purchasing
them. Outer insect screens are a
great collision avoidance mechanisms,
even without blinds and shades. If
screens are not present, partially closed shades and
blinds can reduce reflections and let birds know the
window is not clear airspace.

Distributed by the Council for the Conservation of Migratory Birds: http://www.fws.gov/birds/management/bird-conservation-partnership-and-initiatives/council-for-the-conservation-of-migratory-birds.php
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Background and Purpose
In accordance with section 7(a)(2) of the Endangered Species Act (ESA), federal agencies must consult
with the U.S. Fish and Wildlife Service (FWS) on any action that may affect species listed as endangered
or threatened to ensure they do not jeopardize the species’ continued existence. We intend for this
voluntary guidance to help FWS, action agencies, and applicants carry out efficient and effective 7(a)(2)
consultations and to plan and implement actions that would conserve the species.
The suggestions and alternatives provided in this document are subject to continual improvement and
modification. Agencies may use any approach or methodology that ensures compliance with ESA
Section 7 and implementing regulations at 50 Code of Federal Regulations Part 402. We encourage and
expect deviation from these recommendations whenever appropriate to respond to distinct or differing
conditions within an action area. We note that any use of mandatory language in this guidance refers to
lawful obligations present in statute or regulation. This guidance does not bind agency personnel and
does not create any new mandatory procedure or requirement for the public.

Current Versions of this Guidance
Check to make sure that you have the most recent version by comparing the version number on the title
page, above, to the guidance version number at the website,
https://www.fws.gov/midwest/endangered/insects/rpbb/ProjectProponent.html.

Range, Status, and Conservation of the Rusty Patched Bumble Bee
The rusty patched bumble bee (Bombus affinis) occurs in the Eastern and Midwestern United States and
southern Canada. The species occurred broadly across the eastern United States, upper Midwest, and
southern Quebec and Ontario. Since about 2007, however, the species’ distribution has declined across
its range in the U.S. (Fig. 1). Similar declines have occurred in Canada where it was listed as Endangered
on Schedule 1 of the Species at Risk Act in 2012 [U.S. Fish and Wildlife Service (USFWS) 2016].

1
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Figure 1.Rusty patched bumble bee High Potential Zones (HPZ). We increased the sizes of the HPZ polygons to enhance visibility.
Service maintains an up-to-date range map and distribution data for the rusty patched bumble bee at
https://www.fws.gov/midwest/endangered/insects/rpbb/rpbbmap.html.

The
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In its assessment of the species’ status, USFWS (2016) found that to increase the likelihood that the rusty
patched bumble may avoid extinction, it will be necessary to do the following:
1. Prevent further declines by protecting remaining populations and the habitat needed to support
them (this is paramount);
2. Increase the number of healthy populations and ensure they are distributed across an array of
environmental gradients;
3. Improve its abundance across the range of ecological settings with which it was associated
historically; and,
4. Restore multiple, healthy populations to preserve adaptive capacity.

Section 7 of the Endangered Species Act and the Rusty Patched Bumble
Bee
Screening and Evaluation of Federal Agency Actions – A Stepwise Approach
Below we clarify steps that agencies and their representatives may take to meet ESA section 7(a)(2)
requirements relative to the rusty patched bumble bee. We invite agencies to use any alternative
methodologies that meet these same ends.

Step 1. Define the Action Area
Determine whether the action area overlaps with a High Potential Zone (HPZ). 1 The action area is not
only the immediate area involved in the action, but also all areas to be affected directly or indirectly (50
CFR § 402.02). It is not always limited to the “footprint” of the action, but encompasses the biotic,
chemical, and physical impacts to the environment resulting directly or indirectly from the action.

Step 2. Determine whether the rusty patched bumble bee is likely to be present in the action area.
Below we provide two options for completing this step. Option 1 involves the use of the USFWS IPaC
website (https://ecos.fws.gov/ipac/). Action agencies may use any alternative approach that accurately
determines whether the species may be present in the action area.
Option 1 – Use the FWS Information for Planning and Conservation Website
Screening at the County or State Level
Agencies may first want to determine if a listed species is present in one or more counties or states that
their actions may be affect. To obtain a list of endangered species that are likely to be present in a county
or state, use the FWS Information for Planning and Conservation website (IPaC,
https://ecos.fws.gov/ipac/).
If the rusty patched bumble bee is not on the list of endangered species you generate in IPaC for the
county or state that overlaps with the action area, the species is not likely to be present. Consultation

1

We describe the habitat connectivity model used to define High Potential Zones on the RPBB website
(https://www.fws.gov/midwest/Endangered/insects/rpbb/rpbbmap.html).
3
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under section 7(a)(2) is only required for federal actions that may affect listed species. In this event, we
would advise the action agency to document this finding for its administrative record (Fig. 3). 2
Screen a Precisely Defined Action Area
As an alternative or as a follow-up to screening at the state or county level, you may define the action area
in IPaC more precisely. If your IPaC query indicates that the rusty patched bumble bee is likely to occur
in the action area, the action agency may contact the FWS field office to obtain what information is
available regarding the location, extent, and quality of the species’ habitat in the action area (see Step 3).
If the species is not on the list of species generated for the action area by IPaC, it is not likely to be
present in the action area and we would advise the action agency to document this finding for its
administrative record (Fig. 2). Consultation under section 7(a)(2) is only required for federal actions that
may affect listed species.

2

Each Federal agency shall review its actions at the earliest possible time to determine whether any
action may affect listed species or critical habitat. (50 CFR 402.14).
4
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Figure 2. Consultation flow chart with specific reference to the rusty patched bumble bee.
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Option 2 – Work directly with the FWS field office.
When agencies want to determine simply whether the rusty patched bumble bee is in a state or county,
they should use IPaC. Agencies may also use IPaC to screen an action area based on its precise
boundaries, as described above. Agencies may sometimes prefer to work directly with FWS field offices
or may have other established methods for screening projects that do not yet include the use of IPaC. In
those cases, agencies may work directly with the FWS field office to determine whether their action area
may overlap with the current distribution of the rusty patched bumble bee.
Surveys
If the action area overlaps with an HPZ, the agency may assume that the species is present in suitable
habitat (Fig. 3) and proceed to Step 4 or it may complete a survey for the species. (See the section, Rusty
Patched Bumble Bee Habitat, below for a description of what constitutes habitat for the species.) The
results of a survey, if they are negative and are carried out in accordance with FWS-recommended survey
protocols, could support an agency determination that the species is unlikely to occur in the action area.
The action agency may conclude for any documented reason that the species is not present in the action
area if the administrative record contains the basis for its conclusion. Alternatively, for example, an
agency may document that their action area does not contain habitat for the species even when it overlaps
with one or more HPZ (Fig. 3).

6
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Figure 3. Example of a hypothetical High Potential Zone (HPZ) that contains areas with and without rusty patched bumble bee (RPBB)
habitat. The species is only likely to be exposed to stressors associated with the action in the portion of the HPZ that contains the species’
habitat.

7
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We provide survey methods in “Survey Protocol and Monitoring Framework for Rusty Patched Bumble
Bee (B. affinis)” (protocol, https://www.fws.gov/midwest/Endangered/insects/rpbb/surveys.html).
Among other things, the protocol includes four approximately equally spaced surveys conducted during
the sampling season (early June to mid-August) and with sufficient rigor 3 to support a determination that
the species is not likely present in the area surveyed. Conduct surveys within a year before the project
initiation for negative survey results to remain valid for the duration of the project unless new information
(e.g., new positive surveys) suggests that the species is likely to be present in the action area. In that case,
action agencies and the FWS field office should work together to ensure that the best available
information is considered.

Step 3 - Review the Action for Potential Direct or Indirect Effects
If the rusty patched bumble bee occurs in the action area, the action agency should determine whether its
action may affect the species. This is a two-step analysis to address: 1) will the species be exposed to one
or more stressors associated with the action; and, 2) how will the species respond to the relevant stressors.
FWS is available to assist with this process.
The FWS National Conservation Training Center also provides online resources to help with this type of
assessment https://nctc.fws.gov/courses/csp/csp3153/resources/index.html). In addition, the following
information on the rusty patched bumble bee’s key habitat features will help assess the potential for
effects to the species.
Rusty Patched Bumble Bee Habitat, Ecology, and Life Cycle
To maintain abundant and healthy colonies, the rusty patched bumble bee requires access to a diverse
array of plant species that collectively provide pollen and nectar throughout the species’ long active
season, from April through September (MacFarlane et al. 1994, p. 5). Floral resources close to the nest
“might be especially important during the establishment phase of a colony, when only few workers are
available for foraging” (Herrmann et al. 2007). Later in the season abundance and diverse floral
resources help to maximize queen production (Bukovinszky et al. 2017, p. 316) and to ensure that gynes
(new queens) get the resources they need to overwinter successfully.
Bumble bees are generalist foragers and gather pollen and nectar from a wide variety of flowering plants
(Xerces 2013, pp. 27-28). The rusty patched bumble bee is a short-tongued species (Medler 1962, p. 214),
which are generally more efficient at handling flowers with short or no corollas (Harder 1983). The
rusty-patched bumble bee is also a confirmed nectar robber, occasionally cutting longer corollas tubes
with their mandibles and accessing the nectar without tripping the flower’s reproductive parts.
Species experts have identified several plant species that are likely important nectar sources for the rusty
patched bumble bee (see https://www.fws.gov/midwest/endangered/insects/rpbb/plants.html). Nectar
supports egg production in queens and is collected and fed to larvae by workers (USFWS 2016, p. 15).
Limitations in pollen, however, may more often limit population growth than shortages of nectar (Colla
Sufficient effort would consist of four approximately equally spaced sampling periods during the sampling season
(early June to mid-August); one-person hour of search time per three acres of suitable habitat using non-lethal
netting techniques. The survey protocol provides further details on methods, techniques, and best practices
(https://www.fws.gov/midwest/Endangered/insects/rpbb/surveys.html) and is subject to continual improvement and
modification.
3
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2016, p. 413; Plowright and Laverty 1984, p. 187). Bumble bees rely on some plant species for pollen
and others for nectar, even during single foraging bouts (Plowright and Laverty 1984, p. 187) and the
number of queens that a colony can produce is related directly to the amount of pollen that is available
(Burns 2004, p. 150).
Bumble bee species typically foraging within a few hundred meters of their nest and maximum foraging
distance may be about one kilometer (Knight et al. 2005, p. 1816; Wolf and Moritz 2008, p. 422;
Dramstad 1996, pp. 163-182; Osborne et al. 1999, pp. 524-526; Rao and Strange 2012, pp. 909-911). In
addition to open habitats, the species utilizes woodland spring ephemerals whose flowering period
coincides with the species’ early spring emergence (Colla and Dumesh 2010, p. 45-46).
Rusty Patched Bumble Bee Habitat
To facilitate section 7 analyses, we divide rusty patched bumble bee habitat conceptually into nesting and
wintering habitats and into a variety of foraging habitat types based on the timing of pollen and nectar
availability in each (Table 1). The locations of pollen and nectar sources for the rusty patched bumble
bee may vary throughout the growing season. In an HPZ that contains both forest and grassland, for
example, the species may forage primarily in forest in the spring and in grassland habitats in the summer
and fall. We assume that the rusty patched bumble bee nests in upland grasslands and shrublands that
contain forage during the summer and fall and as far as 30 meters into the edges of adjacent forest and
woodland (Table 1). We also assume that the species winters exclusively in upland forest and woodland.
Palustrine wetlands – vegetated wetlands traditionally called by such names as marsh, swamp, bog, and
fen (Federal Geographic Data Committee 2013) – provide nectar and pollen, but are not suitable for
nesting or overwintering (Table 1).
Table 1. Seasonal uses of habitat types by the rusty patched bumble bee (RPBB). Natural or seminatural vegetation that includes favored forage species (Table 1) typifies RPBB habitat. The species
also uses flower gardens and other areas that contain nectar or pollen resources and are within
foraging distance of RPBB habitats. USFWS assumes that the RPBB is present in nesting habitat
between March 16 and October 14 and in wintering habitat from October 15 to March 15.
Habitat Function
Habitat Category

Upland Grassland & Shrubland

Nesting

Wintering

X

Upland Forest & Woodland

Foraging
Spring

Summer/Fall

X

X

Examples/Notes

native tallgrass prairie, including remnants and
restored/reconstructed native prairie; savanna; pine
and oak barrens

X

X

X

X

X

This includes 30-meter edges of forest and woodland
habitats that are adjacent to nesting and summer/fall
foraging habitat.

Palustrine wetlands, excluding
ponds

X

X

marsh, swamp, bog, fen, and wet meadow; forested
wetlands (e.g., Silver Maple - Floodplain Forest)

Some vegetation that is not
natural or semi-natural – flower
gardens and similar areas (e.g.,
plant nurseries)

X

X

Examples of cultural vegetation that provides floral
resources; accessed by RPBB from nearby natural and
semi-natural areas where they may nest or overwinter

Upland Forest & Woodland
Edges

X

Maple-Basswood Forest; Oak-Hickory Forest

9
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Natural or semi-natural vegetation typifies rusty patched bumble bee habitats, with the exception that the
species may also forage in nearby alfalfa (Medicago sativa) or sunflower (Helianthus annuus) fields,
gardens, landscapes, and similar areas (e.g., native plant nurseries) that provide forage. Reconstruction of
natural habitats holds significant potential to benefit the rusty patched bumble bee. The rusty patched
bumble bee use reconstructed prairies (Tonietto et al. 2017, p. 711). If suitable species are present (see
Table 1), reconstructed prairies may become important habitat for the species and other bees as soon as 23 years after seeding (Griffin et al. 2017, p. 650).
We use the term “natural or semi-natural vegetation” to characterize rusty patched bumble bee habitat and
have adapted the following description from the National Vegetation Classification Standard [Federal
Geographic Data Committee (FGDC) 2008, p. 9]:
Vegetation where ecological processes primarily determine species and site
characteristics; that is, vegetation comprised of a largely spontaneously growing set of
plant species. Human activities influence these characteristics to varying degrees (e.g.,
logging, livestock grazing, fire), but do not eliminate or dominate the spontaneous
processes. Wherever doubt exists as to the naturalness of a vegetation type (e.g., old
fields, various forest plantations), it is classified as part of the natural/semi-natural
vegetation. Semi-natural vegetation typically encompasses vegetation types where the
species composition and/or vegetation growth forms have been altered through
anthropogenic disturbances such that no clear natural analogue is known, but they are a
largely spontaneous set of plants shaped by ecological processes. Includes areas planted
to restore native plant communities.
Areas that are not Rusty Patched Bumble Bee Habitat
The rusty patched bumble bee is not likely to be present in cultivated cropland, lawns, open water, or
unvegetated areas with the exception that the species may forage in alfalfa or sunflower fields when these
species are in flower and would provide pollen or nectar.
Behavioral Assumptions
To analyze some activities, it may be useful to understand the seasonal patterns of rusty patched bumble
bee activity and the weather conditions that affect its behavior. During the active season, the rusty
patched bumble bee is active under a broad range of conditions, but remains below ground when
conditions are too cold or rainy. We do not know the precise lower threshold temperature for activity in
the rusty patched bumble bee, but a study of four other bumble bee species found minimum calculated air
temperature for activities ranged from 3.6 to 12.6°C. Therefore, it is reasonable to assume that rusty
patched bumble bees could be active between dawn and dusk at temperatures as low as 3°C (37°F).
Bumble bees do not typically fly when conditions are foggy, rainy, or drizzling. Sunny days with low
wind speeds (less than 8 mph) may be optimal, but they will fly during sub-optimal conditions.
The rusty patched bumble bee may only be active above ground between about March 15 and October 15.
In the mid-Atlantic states, bumble bee records extended from about March 21 to about October 17 when
average high temperatures in York, Pennsylvania – the approximate geographical center of the records –

10
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were 12°C (54°F) and 19°C (66°F, respectively). 4 Cessation of flight in the fall “appears to be timed with
the passing of native fall flowers and often precedes the first frost and leaf fall” (Schweitzer et al. 2012).
Evaluating the Species’ Response to Project-Related Stressors
The USFWS recommends a two-step process to determine whether an action may affect a species and
how that action will affect the species: 1) determine whether the species will be exposed to one or more
stressors associated with the action; and, 2) determine how the species will respond to the stressors. A
stressor is any physical, chemical, or biological alteration (i.e., increase, decrease, or introduction) of the
environment (or resource) that can lead to a response from the individual. Stressors can act directly on an
individual, or indirectly through impacts to resources.
Assessing the Species’ Likely Response to Stressors

USFWS has identified several factors that pose a risk to the rusty patched bumble bee and that agencies
and their representatives should consider when evaluating potential stressors associated with federal
actions. See the Appendix for a brief summary and USFWS (2016) for additional details.
Will the Species Be Exposed to Project-Related Stressors?

In some cases, the species will simply not be exposed to stressors generated by the project or will not
react to those stressors. HPZs typically contain some areas that are not suitable for the species. When
this is the case, the action agency should document this finding for its administrative record. When
making this determination, we caution action agencies to define carefully the full extent of the action area
to ensure they consider any effects of the action that may extend outside of the immediate project
footprint.
Assuming Presence and Interpreting Species Records
When an action area overlaps with an HPZ, FWS recommends that an agency conduct a survey to clarify
further the status of the species in the action area (see Surveys, above). Alternatively, it may choose not
to conduct surveys and to assume instead that the rusty patched bumble bee is present in any suitable
habitat where the action area overlaps with the HPZ (Fig. 3). When action agencies assume that the
species is present, they should review the following information to summarize the status of the species in
the action area and to assess the effects of the proposed action:
●
●

The nature, extent, and quality of habitat types present (see Table 1 and Rusty Patched
Bumble Bee Habitat Assessment Form & Guide (Xerces Society 2017); and,
Details of species records, such as the sex and caste of the bee(s) recorded (Table 2), the methods
used to survey the area for the rusty patched bumble bee, and the extent of the area that was
surveyed. Contact the FWS field office for this information.

4

Droege, S. 2008. Mid Atlantic native bee phenology: The weekly phenology of bees of the Mid-Atlantic
states: MD, VA, WV, DC, PA, DE. A slideshow. USGS, Patuxent, MD. Available:
http://www.slideshare.net/sdroege/midatlantic-native-bee-phenology.
11
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Table 2. Rusty patched bumble bee records include at least four combinations of sex and caste, each
of which may provide certain assumptions as part of section 7 effects analyses. See USFWS (2018) for
information on how to identify the species and to distinguish each life stage.
Sex

Caste

Behavioral and Ecological Assumptions for Section 7 Analyses

Female

queen
(foundress)

A queen recorded in the spring, if mated the previous year, was in the process of establishing a new colony. Mated
queens detected before mid-July are foundresses.

Female

worker

A record of a worker indicates that there was a colony likely within one km of the detection point. Although
worker foraging distances may extend out to 3 km in some species and circumstances (Lepais et al. 2010), studies
typically exhibit foraging distances of less than 1 km from nests (Knight et al. 2005, p. 1816; Wolf and Moritz
2008, p. 422; Dramstad 1996, pp. 163-182; Osborne et al. 1999, pp. 524-526; Rao and Strange 2012, pp. 909-911).

Male

male

Males typically occur further from their natal nests than workers - up to about 10 km (Kraus et al. 2009, p. 249).
We assume that a male record indicates that there was at least one colony of the species within 10 km of the record
location.

Female

queen
(gyne)

Queens observed after mid-July overwinter to become foundress queens in the spring. Lepais et al. (2010) found
that queens of two bumble bee species were able to disperse at least 3 and 5 km, respectively; median dispersal
distances were 1265 m and 1820 m.

The rusty patched bumble bee may be present anywhere within High Potential Zones where there is
suitable habitat, but the timing and nature of its presence and activities in these areas is dependent on
habitat type (Table 1). See the section, Rusty Patched Bumble Bee Habitat, Ecology, and Life Cycle,
above, for a description of suitable habitat.
Potential for Direct Effects from Soil Disturbance – Nest Density Assumptions
When site-specific information for the rusty patched bumble bee is insufficient to estimate abundance, it
may be useful to apply nest density estimates derived for a close relative, the buff-tailed bumble bee, to
develop useful assumptions. These assumptions will help to analyze effects of federal actions in a
structured and transparent manner. Workers have used genetic analyses of tissue samples collected from
wild workers to estimate nest density of several bumble bee species since about 2003. The rusty patched
bumble bee has not been the subject of any of the studies, but the closely related buff-tailed bumble bee
has (Chapman et al 2003 (as cited in Charman et al. 2010); Darvill et al. 2004; Dreier et al. 2014; Knight
et al. 2005; Kraus et al. 2009; Wolf et al. 2012; Wood et al. 2015).
Due to the uncertainty with applying estimates derived for another species that is relatively common, we
propose using a range of assumed nest densities as opposed to a single estimate (Table 3; see Table 1 for
an overview of nesting habitat). This may increase the odds that we account for the capture the local
status of the rusty patched bumble bee. The species is now rare at continental and regional scales, but
was abundant and widespread historically (USFWS 2016, p. 4) and may still be present in some localities
at densities similar to relatively common species. By basing our analyses on a range of assumed nest
densities, we may capture the possibility that the species is either uncommon or relatively abundant in the
action area.
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Table 3. Quartiles for ten nest density estimates for the buff-tailed bumble bee (B. terrestris)
(Chapman et al 2003 (as cited in Charman et al. 2010); Darvill et al. 2004; Dreier et al. 2014; Knight et
al. 2005; Kraus et al. 2009; Wolf et al. 2012; Wood et al. 2015). As a basis for analyzing the effects of
actions on the rusty patched bumble bee, we will assume that their nests may occur in nesting habitat
at any of the three densities shown.
Quartile

Nest Density Category

Nest Density(Nests/km2)

Low

14

Medium

34

High

45

First/25th Percentile
Median/50th Percentile
Third/75th Percentile

The estimated nest density found for one rare bumble bee species – the precipitously declining great
yellow bumblebee (B. distinguendus) – was 19/km2 in coastal grasslands and may indicate that our
proposed assumptions for the rusty patched bumble bee are reasonable for an endangered species. As
with the studies conducted on the buff-tailed bumble bee, the estimated nest density for the great yellow
bumble bee was for the studied landscape and may have been higher in the specific areas that were
suitable for nesting. Its nests "remain thinly distributed even in current strongholds" (Charman et al.
2010, p. 2661). Like the rusty patched bumblebee, it relies "on the continued presence of flower-rich,
unimproved grassland that provides floral resources throughout the colony cycle (June to September) and
contains, or is close to, suitable sites for nesting, mating and hibernation." (Charman et al. 2010, p. 2671).
The nest density most appropriate for evaluating a project may depend on the nature of the effects that a
project is likely to cause. When assumptions of this nature are made within the context of section 7
consultation due to a the lack of empirical information, we must give the benefit of the doubt to the
species and therefore, either the Low or High levels of nest density may be the most appropriate. For
example, when assessing the likelihood that soil disturbance during the nesting period will affect nests,
we would give the benefit of the doubt to the species by basing analyses on the highest reasonable level of
nest density.
Using Empirical Data to Estimate Site-Specific Nest Density
Agencies may use the methods summarized above to estimate nest density for the buff-tailed bumble bee
in an action area. This would require capture of rusty patched bumble bees, removal of a leg tip, and
genetic analyses. Action agencies who are interested in carrying out such a study should contact the
USFWS.
Soil Disturbance in Nesting Habitat
The effects of soil disturbance that affects more than 0.1 hectare (0.25 acre) of nesting habitat within an
HPZ when the species is present may not be discountable, based on the assumption that rusty patched
bumble bee nests may be present in nesting habitat at a density as high as 45/km2. That is, one nest for
every 2.2 ha (5.4 acres) of nesting habitat. We define soil disturbance as scraping, compacting, plowing,
tilling, excavating, and any similar activity, sufficient in intensity to kill or harm rusty patched bumble
bees that are overwintering or in nests in the affected areas. Soil disturbance in nesting habitat that is
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greater in extent than 0.1 ha (0.25 acre) would result in a greater than 5% chance 5 that a nest would be
destroyed (e.g., see Fig. 4) – a level that would exceed what we would consider to be discountable when
the impact would result in take of the species.

A density of 45 nests/km2 is equal to 0.45 nests/ha. The probability that soil disturbance to 0.1 ha would affect a
rusty patched bumble bee nest, therefore, would be 0.045, assuming that nests are distributed uniformly.

5
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Figure 4. A hypothetical High Potential zone likely to contain one rusty patched bumble bee nest, based on an assumed nest density. In each
example, 5% of the area will be exposed to soil disturbance sufficient in intensity to harm or kill nesting rusty patched bumble bees. This soil
disturbance could occur in a series of separate patches (left) or as one contiguous area (right). In each case, the amount of surface area
subject to soil disturbance would be sufficient to warrant a determination that the action is likely to affect adversely the species based on this
guidance.
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Direct effects to the species would only occur when the individuals are present in the affected area, but
the agencies should also consider the potential for indirect effects to the species during seasonal absences
from some habitats (see Table 1). Moreover, soil disturbance to nesting habitat may be likely to cause
adverse effects even if the likelihood of directly affecting a nest is less than 5%. This may be the case, for
example, when an action may destroy or degrade an area of especially high floral diversity. This must be
determined on a case-by-case basis.
To evaluate the likelihood that an action would destroy one or more nests, we would assume that nests
occur systematically across nesting habitat (Fig. 4).
Density and Distribution of Wintering Queens
If the federal action will result in soil disturbance in overwintering habitat when queens are present
(October 15 – March 15), we also need a way to estimate the likelihood that one or more queens will be
affected directly. We think that rusty patched bumble bee queens are likely to overwinter in upland forest
and woodland (Table 1). They may construct their overwintering chambers immediately below the soillitter interface in loose soil as has been observed for the closely related buff-tailed bumble bee and other
species (B. Herrick, University of Wisconsin-Madison Landscape Arboretum, pers. comm. 2016; Alford
1969, p. 156).
To develop estimates of queen production for an HPZ we will use queen production data available from
the yellow-banded bumble bee (B. terricola), another declining bumble bee species that is also closely
related to the rusty patched bumble bee. These data include four lab-raised nests (Benjamin Sadd, Illinois
State University, personal communication, 2018) and 32 field-reared nests studied by Owen et al. (1980).
We may estimate Low, Medium, and High levels of queen production based on the 25th, 50th, and 75th
percentiles from their studies – these are 0, 4, and 10 queens per nest, respectively. We decided to set the
Low level at one queen per nest because it will be more useful for section 7 purposes than if we were to
assume zero queen production. Using the Low, Medium, and High assumptions for both nest density and
queen production, you may structure your analysis as is shown in Table 4 to arrive at a range of estimates
of queen production in an HPZ for your analysis.
Table 4. Recommended Low, Medium, and High-level assumptions for queen production per nest,
combined with Low-Medium-High nest density estimates (Table 3) to estimate a potential range of
queen production per square kilometer (km) in an HPZ. ‘x’ = the number of square km of nesting
habitat in the HPZ. To derive similar estimates for an action area, define x as the square kilometers
of nesting habitat in the action area.

Estimated No. Nests in HPZ
Low (14 nest/km2)
Medium (34 nests/km2)
High (45 nests/km2)

Assumed Queen Production per Nest
Low (1/nest)
Medium (4/nest)
14x
56x
34x
136x
45x
180x

High (10/nest)
140x
340x
450x

To model the number of overwintering queens present in an HPZ and to facilitate analyses, we
recommend assuming that all queens produced in the HPZ remain there to overwinter and that the queens
occur uniformly within the overwintering habitat. You may then calculate the assumed density of
overwintering queens by dividing estimated queen production by the extent of overwintering habitat in
16

4/15/2021 10:26 AM

IPaC v5.57.1

Page 21

ATTACHMENT
Minnesota-Wisconsin Ecological Services Field Office - Publication Date: March 11, 2019
General Project Design Guidelines - Rusty Patched Bumble Bee and 1 more species

C

the HPZ. This will allow an estimate of the likelihood that an overwintering queen is likely to be harmed
or killed, based this model and the extent of soil disturbance that will occur in overwintering habitat when
the species is present (October 15 – March 15).
When agencies and the Service make assumptions of this nature due a lack of site-specific empirical
information, we must give the benefit of the doubt to the species. Depending on the nature of the
anticipated effects, the Low or High level of queen production may be most appropriate. For example,
when assessing a project that will include soil disturbance during the wintering period, give the benefit of
the doubt to the species by basing analyses on the highest reasonable level of queen density.
Rusty Patched Bumble Bee - Potential Stressors
In addition to the potential for direct effects to the species, agencies must also determine whether indirect
effects the species could occur and, if so, whether they are likely to be adverse. They must base this
determination on the best available information on the nature and extent of habitats in the action area. For
any action that will affect an HPZ, the action agency can work with FWS to assess whether – and how –
the action is likely to affect key habitat features and how it may related to important risk factors. Those
factors and their related stressors are described only briefly below and in the Appendix. For a detailed
review of the major stressors that agencies should consider when evaluating the effects of proposed
federal activities on the rusty patched bumble bee, see the section Risk Factors in the Rusty Patched
Bumble Bee (Bombus affinis) Species Status Assessment (USFWS 2016). For additional information
regarding these stressors and measures to avoid or reduce relevant adverse effects, see the Rusty Patched
Bumble Bee Conservation Guidelines (USFWS 2018).
Predicting the Species’ Response to Habitat-Related Stressors

Bumble bees do not store substantial amounts of pollen and nectar in their nests and, thus, must have
continuous access to flowers with available pollen and nectar during their entire active season (Williams
et al. 2012). The greatest impact of habitat loss on bees is the loss of floral resources or a reduction in
their diversity. Loss of floral resources and a reduction in their diversity has occurred primarily through
conversion of lands to agriculture and urbanization, but also because of other factors that have altered
habitats, such as suppression of wildfires. Conversion of natural habitat that is rich in floral abundance
and diversity to farmlands, urban and suburban development, and other land uses are the primary causes
of the loss of bumble bee habitat (Goulson et al. 2015, p. 2). Ongoing urbanization also contributes to the
loss and fragmentation of natural habitats. Urban gardens that provide floral resources for bees are
critical to their persistence in and around cities, especially if they contain important native plant species
(Goulson et al. 2010, p. 1207; Goulson et al. 2015).
Effects of the Action on the Species - Evaluating the Species Response to Stressors
After identifying the stressors that the rusty patched bumble bee will be exposed to, the action agency
should determine the species’ likely response to each relevant stressor – that is, the likely effects of the
action on the species. This analysis of effects is the primary responsibility of the action agency, but FWS
field office personnel may assist with this analysis.

Step 4 - Incorporate Measures to Avoid or Minimize Effects to the Rusty Patched Bumble Bee
When the rusty patched bumble bee is likely to respond negatively to one or more stressors associated
with the action, the action agency may implement measures to avoid or minimize the adverse effects.
Please refer to the Rusty Patched Bumble Bee Conservation Guidelines (see
17
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https://www.fws.gov/midwest/endangered/insects/rpbb/pdf/ConservationGuidanceRPBBv1_27Feb2018.p
df.)

Figure 5. Rusty patched bumble bee phenology.

Conservation Measures
Section 7(a)(1) of the ESA directs each federal agency to carry out programs for the conservation of
threatened and endangered species in consultation with the Service. When the Service develops a
recovery plan and a recovery implementation strategy for the species, these documents will provide a
primary reference for agencies to implement actions that will help it fulfill its section 7(a)(1) mandate.
Until then, we would recommend that actions address the major conservation needs of the species, as
described in the Species Status Assessment (USFWS 2016, p. 74):
1. Prevent further declines by protecting remaining populations and the habitat needed to support
them (this is paramount);
2. Increase the number of healthy populations and ensure they are distributed across an array of
environmental gradients;
3. Improve its abundance across the range of ecological settings with which it was associated
historically; and,
4. Restore multiple, healthy populations in each of its ecoregions.
Conservation Management Guidelines that may help action agencies to fulfill this mandate are available
on the Service’s website - https://www.fws.gov/midwest/endangered/insects/rpbb/index.html. Action
agencies may also use these measures to remove or reduce adverse effects.
When Adverse Effects Are Likely
Agencies should enter into formal consultation with FWS if a project’s conservation measures do not
decrease sufficiently the likelihood of adverse effects. If the Service anticipates that the action will result
in the incidental take of the species and is not likely to jeopardize the species’ continued existence, it will
include an incidental take statement (ITS) with the biological opinion. The ITS will include terms and
conditions that the agency must follow to ensure that any take is not a violation of the ESA’s section 9
prohibitions.
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When Adverse Effects are not likely to Occur
When an action may affect the rusty patched bumble bee, but is not likely to affect adversely the species,
the action agency may request concurrence on that determination from the FWS. Consultation would
conclude with the written concurrence of the FWS [50 CFR 402.13(a)].
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Appendix – Partial list of potential stressors and potential responses associated with important rusty
patched bumble bee risk factors.
We based the Potential Responses in part on studies of other bumble bee species with similar life history traits - generalist foragers that collect
pollen from the same food sources. For more details on some of the following risk factors, see USFWS 2016.
Risk Factor

Potential Stressor(s)

Potential mode(s) of
exposure

Potential Response(s)

Reference(s)

Pathogens and
Parasites

Introduction, expansion, or
increased abundance of
honeybees or commercial
bumble bees that carry
pathogens

Collection and
consumption of infected
pollen

Larval mortality; queen sterility; deformed wings, abdomen
distension in queens and inability to mate; reduced body fat and
increased mortality of overwintering queens

USFWS 2016, p.
40-43

Consumption of
contaminated nectar or
collection of
contaminated pollen

Decreased brain function; reduced feeding; decreased queen
production; decrease male production; decreased worker
production; increased worker mortality; decreased colony weight;
decrease foraging efficiency (pollen delivery to nest); diminished
defensive behavior; decreased worker weight; decreased egg
production; decreased larval production; delayed nest building;
impaired ovary development; increased susceptibility to parasite
infection in queens

Feltham et al. 2014;
Larson et. al 2013,
p. 1; USFWS 2016,
p. 43; p. 90-93

Direct contact/absorption

Contact mortality; Sub-lethal effects – e.g., reduced or no male
production; egg infertility; reduced queen production

Consumption of
contaminated nectar

Decreased queen production; decreased worker production; lower
colony density; decreased colony weight

USFWS 2016, p. 90;
Rundlöf et al. 2015,
p. 79

Reduced availability of
nectar and pollen

Nutritional stress that leads to increased susceptibility to
pathogens

Brown et al. 2000,
p. 421; USFWS
2016, p. 42

Increased transmission
and prevalence of
parasites due to reduced
genetic diversity.

See responses to collection and consumption of infected pollen,
above.

USFWS 2016, p. 42

Insecticide applications
Insecticides

Insecticide – Seed treatments
Fungicides

Fungicide use

23

4/15/2021 10:26 AM

IPaC v5.57.1

Page 28

Minnesota-Wisconsin Ecological Services Field Office - Publication Date: March 11, 2019
General Project Design Guidelines - Rusty Patched Bumble Bee and 1 more species

ATTACHMENT C

Risk Factor

Potential Stressor(s)

Potential mode(s) of
exposure

Potential Response(s)

Reference(s)

Herbicides

Herbicide Use

Reduced availability of
nectar and pollen

Nutritional stress that leads to increased susceptibility to
pathogens

Brown et al. 2000,
p. 421; USFWS
2016, p. 42

Loss of bunchgrasses and other
vegetation that supports suitable
nesting habitat

Limited or no nesting
sites in proximity to
spring foraging areas

Avoidance of area; deterioration in body condition and reduced
reproductive output due to need to find appropriate nesting habitat
elsewhere

Actions that directly or
indirectly reduce or eliminate
nectar plant density or diversity;
examples include plowing,
growing season fire; mowing;
herbicide application

Inability to find suitable
amounts of nectar and
pollen.

Avoidance of area; potential deterioration of body condition and
reduced or no reproductive output for affected queens; increased
mortality of immature life stages already present in nests; reduced
overwinter survival of queens

Loss or
Alteration of
Vegetation or
Leaf Litter

Immediate death or harm of individuals present in nests or
overwintering sites (queens);

Direct disturbance
Soil Disturbance
or Compaction

Competition for
Resources from
Commercial
Honeybees

Compaction of soils by heavy
equipment

Loss of potential nesting
sites

Construction matting or other
temporary covering of soil
surfaces

Temporary loss of
potential nesting sites

Reduced availability of nectar and pollen
Disease transmission

Avoidance of area; deterioration in body condition and reduced
reproductive output due to need to find appropriate nesting habitat
elsewhere

Negative effects on the reproductive success; Nutritional stress
that leads to increased susceptibility to pathogens

See Pathogens and Parasites, above
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Rusty Patched Bumble Bee Conservation

C

Habitat Assessment Form and Guide
Purpose
The rusty patched bumble bee (Bombus affinis) is listed as an endangered species by the U.S. Fish and Wildlife Service. This
species has specific habitat requirements, including high quality foraging resources, nesting sites, overwintering sites, and
protection from pesticides, introduced diseases, and other disturbances. This tool is meant to help educate conservation
planners and landowners, prioritize conservation actions, and quantify habitat or land management improvements for the rusty
patched bumble bee on a single site. As existing conditions and degree of habitat management at any given site are different the
goal of this tool is not to compare one site with another. Rather, it is intended to help incorporate conservation efforts for the
rusty patched bumble bee into a landscape management plan and then identify specific actions for habitat improvement and/
or management practices to help protect the rusty patched bumble bee from potential threats. As with any tool of this nature,
the evaluation and scoring practice is a subjective process, and the usefulness of the tool is dependent upon the consistency and
skills of the evaluator. While the goal is to implement changes that will result in improved habitat, there may not always be a
viable treatment for individual variables. The scoring goals outlined in the instructions are general guidelines, but the capacity
to reach or exceed these goals varies widely in different landscapes and may be refined by conservation planners for a more
regionally specific pollinator habitat assessment guide. This guide was developed with the purpose of assessing sites where the
rusty patched bumble bee has been recently detected, but can also be employed by anyone seeking to improve their land for
bumble bees.

Instructions
• This rusty patched bumble bee habitat assessment guide

is designed for natural areas on public and private lands.
If you are working in a farm landscape, please consider
using our Pollinator Habitat Assessment Form and Guide:
Farms and Agricultural Landscapes (available as a free
download at: www.xerces.org/habitat-assessment-guides/;
Note: this assessment form is not specific to the rusty
patched bumble bee).

• The accompanying photos and notes will help you identify
and assess some specific habitat features.

• An assessment would ideally be done twice, once

during the habitat evaluation process (before project
implementation) and once after any changes have been
implemented.

• Each item in the assessment should be given a score of 0

if not present or the appropriate value from the “Score”
column.

• If you are conducting an assessment for the USFWS,
obtain the 10 x 10 km grid ID and sighting ID directly

from the Service (contact your local field office:
https://www.fws.gov/midwest/es/fld_off.html). Use the 10
x 10 km grid cell to address question 1a.

• If this is not an official USFWS assessment, address

question 1a using an online mapping program with a
satellite view. Assess the habitat within a 5 km radius of
your location.

• Prior to conducting an assessment, print aerial photos to
help with site and landscape questions.

• Add up the scores to calculate a subtotal for each
subsection.

• Next, add up subsection subtotals to get a total for each

section. Transfer these figures into the summary table on
page 3 to generate the overall score for each assessment.

• Ideally, landowners/managers should strive to achieve an

overall score of at least 100, and an improvement of at least
40 points. If this is not possible for your region or land
management plan, talk to your area biologist, regional
ecologist, or planner for guidance.

A southern Wisconsin planting of diverse native prairie forbs that provides floral resources throughout the growing season.
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Obtain the Grid ID and RPBB sighting ID from the USFWS. If this is not an official assessment leave blank.

Owner/ Operator:

Planner:

10 km x 10 km Grid ID:

Associated RPBB sighting ID:

Survey locality/address:
Dates

Existing condition assessment:
Assessment after implementation:

Define and describe the project area (attach annotated maps; include Ecological Classification System information, if known):

Total Score for Habitat Assessment
The figures entered into this summary table will be calculated during completion of the assessment.
BEFORE

AFTER

Section 1: Regional and Landscape Features (max score 20)
Section 2: Site Features (max score 35)
Section 3: Foraging Habitat (max score 50)
Section 4: Nesting and Overwintering Habitat (max score 30)
Section 5a: Pesticide Practices (max score 40)
Section 5b: Management Practices (max score 40)
OVERALL SCORE

4
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Section 1: Regional and Landscape Features

The characteristics of regional and landscape features have a significant impact on the rusty patched bumble bee
and its ability to successfully find a mate and reproduce. The landscape characteristics at this scale may not be
changeable, but will help determine the scale at which local habitat management matters.
1a. Percentage of the grid cell that is natural habitat. This land use cover includes prairie, shrub lands, woodlands,
grasslands, riparian habitat, wetlands, and non-invasive weedy areas. It does NOT include lawn grass, cropland, or
overgrazed pasture. Using the 10 x 10 km grid cells provided by the USFWS, or area within a 5 km radius of your
location, analyze the proportion of the habitat that is natural. See photos below for guidance (blue area is at the
scale of 10 x 10 km).
Max score of 10.
SELECT ONLY ONE

Score
10

20%–30%

7

5%–20%

3

<5%

0

Section 1: Regional and Landscape Features

>30%

Existing Condition

Subtotal (1a)

(1a)

The photos below illustrate the different percent covers.
>30%

20%–30%

5%–20%

<5%

Go to top of page 6
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Section 1: Regional and Landscape Features continued
1b. The assessment area is defined by the unit of land on which management can be implemented to improve habitat
for the rusty patched bumble bee. With that in mind, what is the dominant vegetation within ½ mile of assessment area
including the assessment area itself. Max score of 10.
Score

Native plants

10

Mix of native and naturalized (non-invasive) plants

7

Naturalized flowering species (e.g., alfalfa)

5

Mix of native, naturalized, and weedy/invasive species

3

Invasive flowering weeds, crops and/or sod-forming grasses

0

Before

After

Treatment to increase score (no treatment if off-site)

(1a)

SELECT ONLY ONE

(1b)

Subtotal (1b)

Regional and Landscape Features Total

(1a + 1b)

Section 2: Site Features
On-site natural areas and other features have a significant influence on bumble bee abundance and diversity.
2a. Percentage of site that is in natural or semi-natural habitat.
Max score of 10.

Section 2: Site Features

SELECT ONLY ONE

Score

>75%

10

50%–75%

7

25%–49%

5

10%–24%

3

<10%

0

Before

After

Treatment to increase score

(2a)

Subtotal (2a)

2b. Additional site features that are present.
Max score of 25.
SCORE ALL OPTIONS THAT APPLY

Score

Permanent meadows or open areas with diverse native
wildflowers allowed to bloom

10

Pasture or hayed land with >30% non-invasive, bee-friendly
forage legumes (e.g., red clover, alfalfa, etc.) allowed to bloom

5

Wooded or wetland areas with diverse flowering trees, shrubs,
and/or wildflowers (e.g., maples, basswood, willows, wild plum,
spring blooming woodland ephemerals)

5

Buffers: 2 points for every 20% of area within 25' of water
features that is flowered, 1 point for every 20% of area that is
grass, 0 points for no buffers

0–5

Before

Subtotal (2b)

Site Features Total
6
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Section 3: Foraging Habitat

High flower abundance and season long bloom positively influence bee abundance and diversity.
3a. Percentage of vegetative cover that is comprised of forbs, flowering shrubs, or pollinator-friendly trees on site. This
does not include invasive or noxious species (e.g., Canada thistle, spotted knapweed, purple loosestrife, crown vetch, buckthorn,
etc.). Max score of 10.
SELECT ONLY ONE

Score

>50% cover

10

30%–50% cover

7

20%–30% cover

5

10%–20% cover

3

<10% cover

1

Before

After

Treatment to increase score

(3a)

Subtotal (3a)
The photos below illustrate some categories. See page 12 for lists of preferred pollinator plants and other information.

Section 3: Foraging Habitat

>50%

30%–50%

a

20%–30%

b

<10%

c

d

Go to top of page 8
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Section 3: Foraging Habitat continued
3b. Number of species of forbs, flowering shrubs, or pollinator-friendly trees on site that bloom in spring and support
bees. This includes fruit trees and some flowering weeds like dandelions, but does not include invasive or noxious species (see
https://plants.usda.gov/java/noxiousDriver for examples).
Max score of 10.
Score

10+ species

10

5–9 species

5

1–4 species

3

0 species

0

Before

After

(3b)

Subtotal (3b)

Section 3: Foraging Habitat

Treatment to increase score

(3a)

SELECT ONLY ONE

3c. Number of species of forbs, flowering shrubs, or pollinator-friendly trees on site that bloom in summer and support
bees. This includes some flowering non-native plants, such as red clover, but does not include invasive or noxious species (see
https://plants.usda.gov/java/noxiousDriver for examples).
Max score of 10.
SELECT ONLY ONE

Score

18+ species

10

10–17 species

7

1–9 species

3

0 species

0

Before

After

Treatment to increase score

(3c)

Subtotal (3c)

3d. Number of species of forbs, flowering shrubs, or pollinator-friendly trees on site that bloom in fall and support bees.
This includes some flowering non-native plants, such as red clover, but does not include invasive or noxious species (see https://
plants.usda.gov/java/noxiousDriver for examples).
Max score of 10.
SELECT ONLY ONE

Score

10+ species

10

5–9 species

7

1–4 species

5

0 species

0

Before

Subtotal (3d)

After

Treatment to increase score

(3d)

Go to top of page 9
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Section 3: Foraging Habitat continued
3e. Rusty patched bumble bee superfoods. The rusty patched bumble bee has been observed most commonly on the
following plants. How many of these plants are present on site? Note that some of these species may not be appropriate
for every region/site.
Wild bergamot (Monarda fistulosa), prairie clover (Dalea spp.), hyssop (Agastache spp.), goldenrod (Solidago spp.), joe pye weed (Eutrochium spp.),
coneflowers (Echinacea spp.), native thistles (Cirsium spp.), asters (Symphyotrichum spp.), leadplant (Amorpha canescens), jewelweed (Impatiens
capensis), mountain mint (Pycanthemum spp.), native spiraea (Spiraea spp.), and wild cranberry (Vaccinum spp.).

SELECT ONLY ONE (how many species of bumble bee
superfoods are present on site?)

Score

9–13 species

7

5–8 species

5

1–4 species

2

0 species

0

Before

After

(3a-d)

Section 3: Foraging Habitat

Max score of 7.
Treatment

(3e)

Subtotal (3e)

3f. In addition to plants that are known to be attractive to the rusty patched bumble bee, the following plants are known
to help build bumble bee immune systems. How many of these plants are present on site? Note that some of these
species may not be appropriate for every region/site.
Wild bergamot (Monarda fistulosa), sunflowers (Helianthus spp.), white turtlehead (Chelone glabra), penstemon (Penstemon spp.), and wild blueberry/
cranberry (Vaccinium sp.).
Max score of 3.
SCORE THIS OPTION

Score

Score 1 point, up to 3 for each species present

Before

After

Treatment

0–3
Subtotal (3f)

Foraging Habitat Total

(3f)
(3a + 3b + 3c + 3d + 3e + 3f)

The rusty patched bumble bee (Bombus affinis) nectars on monarda.
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Section 4: Nesting and Overwintering Habitat

Bumble bee colony success is often limited by the availability of suitable nesting and overwintering sites. Diverse
habitat features will increase the likelihood of nesting and overwintering success.
4. Bumble bee nesting preferences vary by species and local habitat conditions. Generally, bumble bees nest under
ground, often in abandoned rodent nests. They are also known to nest in dry cavities above ground, such as in rock walls
or under clump-forming bunch grasses. The nests are often found under woody plants, tall grasses, or hidden among
vegetation or plant materials, and can be difficult to detect. Bumble bees often overwinter underneath leaf litter, in the
duff layer of forests, or under loose soils.
Max score of 30.

Section 4: Bumble Bee Nesting and Overwintering Habitat

SCORE ALL OPTIONS THAT APPLY

Score

Areas of undisturbed (for example, ungrazed) native bunch
grasses (clump-forming)

>20% = 5
~20% = 3
<5% = 1

Areas with loose soil with evidence of rodent activity (holes,
surface tunnels, etc.) (compacted or hard packed bare ground
does not count toward the total)

>20% = 5
~20% = 3
<5% = 1

1 point for every 10% of area that is unmowed, ungrazed, and
not subject to controlled burning

0–10

Areas of site with woody cover, or other sheltered areas where
bumble bees could build their nest or overwinter (downed
wood, rock walls, brush piles, forest duff layer, etc.)

>20% = 5
~20% = 3
<5% = 1

Leaf litter left on site in the fall and through the spring (for
overwintering queens)

Before

After

Treatment to increase score

5

Nesting and Overwintering Habitat Total
The photos below illustrate some typical nesting and overwintering habitat.

a

b

c

d
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Section 5: Management and Pesticide Practices

Management practices in and adjacent to habitat areas have a significant influence on bumble bee populations.
5a. Pesticide use, including pollinator-toxic insecticides. Max score of 40.

Section 5: Management and Pesticide Practices

SCORE ALL OPTIONS THAT APPLY

Score

Invasive weed control, if any, carried out with targeted herbicide applications,
rather than broadcast (also score 5 if herbicides are not used)

5

No use of insecticides on site and no suspected use on adjacent lands (If yes, score
points and continue to 5b)

35

No use of fungicides on site (5 pts). The only fungicides used on site are part of an
IPM program that specifically addresses pollinator protection, and each use has a
documented need to manage an economic or public health pest (2 pts)

0-5

If any insecticides are used on site they are part of an IPM program that specifically
addresses pollinator protection, and are for the management of economic or
public health pests (e.g., emerald ash borer or disease transmitting mosquitoes).
Also score points if no insecticides are used on site.

8

Pollinator habitat on site is adequately buffered from insecticide applications
including:
• Min. 125' buffer from any neonicotinoid use on and/or adjacent to site
(including seed treatment) (2 pts)
• No aerial (helicopter/airplane) applications on and/or adjacent to site (2 pts)
• Min. 60' spatial buffer from any airblast applications of other (nonneonicotinoid) insecticides on and/or adjacent to site (1 pt)
• Min. 40' spatial buffer from any non-airblast ground applications of insecticides
on and/or adjacent to site (1 pt)
• Vegetative buffers, even if they do not meet the distance minimums listed
above, include the use of larger-stature non-pollinator attractive vegetation
(e.g., coniferous hedge rather than mowed grass) (2 pts)

Score
points
for each
bullet
point
met

If insecticides are used spray drift is carefully controlled and spray equipment is
calibrated annually, as per state regulations. Also score points if no insecticides
are used on site.

2

Before

After

Treatment to increase score

Pesticide Practices Total
5b. Land management techniques used on the site or in adjacent area. These questions pertain to ongoing site management
as opposed to site preparation. Note 'n/a' if option is not applicable to the site.
Max score of 40.
SCORE ALL OPTIONS THAT APPLY (M = Management Matches Description, S =
Somewhat Matches, N = No Match, N/A = Doesn't apply

Score

If mowing or haying occurs, then entire disturbed area is limited to 1⁄3 of habitat
per year. Haying or mowing is done patchily, at reduced speeds (<8 mph),
with high mower height (12–16"), and in late summer (after peak bloom).

M = 10
S=5
N=0
N/A

If site is grazed, then conservation grazing plan is in place and includes prescribed
grazing practices that encourage wildflower diversity/abundance, such as low
intensity grazing, or short duration grazing with long recovery periods.

M = 10
S=5
N=0
N/A

If burning occurs, then entire disturbed area is limited to 1⁄3 of habitat per year, and
a patchy burn approach is used leaving numerous skips and unburned patches. A
3–10 year burn rotation period is used, and the time of year when burning occurs
is varied. Rare invertebrate species and their specific needs are considered.

M = 10
S=5
N=0
N/A

Managed bees (both honey bees, and commercial bumble bees) are known
to both compete with native bumble bees, and have been shown to transmit
diseases to wild bumble bees. When the rusty patched bumble bee is near, it is
best to avoid the use of managed bees, and honey bees. If honey bees are used
they should be kept at low densities. (no managed bees = M, <0.5 Honey bee hive/
acre = S, >0.5 Honey bee hive/acre and/or commercial bumble bees present = N).

M = 10
S=5
N=0

Before

After

Treatment to increase score

Management Practices Total
11
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Habitat Assessment Reference Materials
General Pollinator Conservation
Protecting Habitat From Pesticide Contamination
This guidance document was designed to help land managers
safeguard pollinator habitat from harmful pesticide contamination.
It includes information on selecting habitat sites, as well as ways to
maintain clean habitat by limiting and carefully managing pesticide
use.
h t t p : / / w w w. x e r c e s . o r g / w p - c o n t e n t / u p l o a d s / 2 0 1 6 / 1 0 /
ProtectingHabitatFromPesticideContamination_oct2016-02.pdf
Pollinator Conservation Resource Center
The Pollinator Conservation Resource Center includes regional
information on plants for pollinator habitat enhancement,
habitat conservation guides, nest management instructions, bee
identification and monitoring resources, and directories of native
pollinator plant nurseries.
www.xerces.org/pollinator-resource-center/
Attracting Native Pollinators
A complete guide to the fascinating lives of these vital creatures. The
book includes detailed profiles of over 30 commonly encountered
bee genera and more than 50 pages of fully-illustrated plant lists that
enable you to choose the best plants for your region.
http://xerces.org/announcing-the-publication-of-attracting-nativepollinators/
Upper Midwest Citizen Science Monitoring Guide: Native Bees
Developed by the Xerces Society, this guide provides instructions for
assessing pollinator habitat quality and diversity in the Upper Midwest
by monitoring native bees. It was developed for conservationists,
farmers, land managers, and restoration professionals to document
how native bee communities change over time in pollinator habitats.
http://xerces.org/wp-content/uploads/2016/05/
UpperMidwestBeeCSMG_May2016_web.pdf
Pollinator Habitat Installation Guides
These regional guidelines provide in-depth practical guidance on how
to install and maintain foraging and nesting habitat for pollinators
in wildflower meadow plantings or linear rows of native flowering
shrubs. Region-specific seed mixes and plant recommendations are
included in the appendices of each guide.
http://xerces.org/pollinator-conservation/agriculture/pollinatorhabitat-installation-guides/

C

introduced plant lists, with links to more information.
https://plants.usda.gov/java/noxiousDriver
An overview of the potential impacts of honey bees to native bees, plant
communities, and ecosystems in wild landscapes: Recommendations
for land managers
A review of the potential threats that managed bees may pose to
native bees, including the rusty patched bumble bee.
http://www.xerces.org/wp-content/uploads/2016/09/Xerces_
policy_statement_HB_Final.pdf

Bumble Bee Conservation
Conserving Bumble Bees: Guidelines for Creating and Managing
Habitat for America’s Declining Pollinators
A publication to help landowners and managers create, protect, and
restore habitat for bumble bee populations.
www.xerces.org/wp-content/uploads/2012/06/conserving_bb.pdf
Bumble Bee Watch
A collaborative citizen science effort to track and conserve North
America's bumble bees.
www.bumblebeewatch.org
Bumble Bee Pocket Identification Guides
Pocket identification guides are available for the following species:
the rusty patched bumble bee (Bombus affinis), the western bumble
bee (Bombus occidentalis), and the yellowbanded bumble bee
(Bombus terricola).
http://xerces.org/identification-guides/bumble-bee-pocket-id/
Lady Bird Johnson and Xerces Society Plant Database for Bumble Bees
The Xerces Society partnered with the Lady Bird Johnson Wildflower
Center to generate a list of plants that are of special value to bumble
bees.
www.xerces.org/lbj

Pollinators in Natural Areas: A Management Primer
A fact sheet discussing the importance of pollinators in natural
areas, as well as their habitat needs. An extensive list of references
is also provided.
http://www.xerces.org/wp-content/uploads/2008/11/pollinators_
in_natural_areas_xerces_society.pdf
Inside Agroforestry–Windbreaks
An article about using windbreaks to provide pollinator habitat or to
capture pesticide drift.
http://nac.unl.edu/documents/insideagroforestry/vol20issue1.pdf
Introduced, Invasive, and Noxious Plants
Federal and state noxious weed lists, invasive plant lists, and

This mesic prairie provides both forage and nesting habitat with a mix of native
wildflowers and bunch grasses.
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The effects of human disturbance on common loon productivity in northwestern Montana
by Lynn Michelle Kelly
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Abstract:
Productivity and effects of human disturbance on common loons (Gavia immer)was studied from
1986-1991 in the Tobacco-Stillwater and Clearwater-Swan drainages in northwestern Montana. The
adult loon population in these 2 drainages makes up approximately 30% of Montana's population. A
density of 72.2 ha of lake surface area per loon was determined. Seventeen pairs exhibited territorial
behavior and an average of 10 pairs were successful in raising at least one chick. Ninety percent of
nests were located on islands situated in open water, along transitional swamp shorelines or within
marshes. Fifty-two percent (n=23) of nests on islands in open water, 64% (n=l1) of nests along
transitional swamp shorelines and 75% (n=4) of nests within marshes were successful. Successful nests
had a significantly deeper water access than unsuccessful nests. Significant differences in vegetation
surrounding nest sites were observed between the 2 drainages. Nest losses with known causes were
attributed to flooding, wash-out by wave action, and infertility. Suspected causes of nest failures
included human disturbance, dropping water levels and interactions with bald eagles. Reuse of a
physiographic area for nesting occurred 94% (n=32) of the time. Nests were located within 50 m of a
previously used nest bowl 50% of the time. Loons nesting successfully one year reused the area within
50 m of the previous successful nest over 60% of the time. A significant negative relationship was
shown between the number of chicks produced per total nest attempt and the surface area disturbance
ratio. A positive relationship was indicated between the number of fledged juveniles per nest attempt
after protective signs were used and Skaar's disturbance rating. Human related disturbance, which
included boats and shoreline activities accounted for 59% of the observed flushes and kept loons off
their nests an average of 24 minutes per flush. Natural activities taking loons off the nest included
territorial activities, nest building, heat stress and insect harassment. These activities accounted for
40% of the flushes and lasted an average of 8 minutes per flush. Average flushing distances due to
approaching boats for the 4 weeks of incubation were 129,121, 91, 64 m respectively. Floating signs
137 m from nests formed a voluntary closure after which the number of nest departures attributed to
human recreational activity were reduced from 32 to 13. The number of successful nests, number of
chicks, and number of 2-chick broods were significantly increased after the use of protective floating
signs. These data demonstrate that recreational activity on nesting territories was having a significant
negative effect upon loon productivity which can be mitigated with the use of floating signs
surrounding nest sites.
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ABSTRACT
Productivity and effects of human disturbance on common loons CGavia immefl was
studied from 1986-1991 in the Tobacco-Stillwater and Clearwater-Swan drainages in
northwestern Montana. The adult loon population in these 2 drainages makes up
approximately 30% of Montana's population. A density of 72.2 ha of lake surface area per
loon was determined. Seventeen pairs exhibited territorial behavior and an average of 10
pairs were successful in raising at least one chick. Ninety percent of nests were located on
islands situated in open water, along transitional swamp shorelines or within marshes.
Fifty-two percent (n=23) of nests on islands in open water, 64% (n=l I) of nests along
transitional swamp shorelines and 75% (n=4) of nests within marshes were successful.
Successful nests had a significantly deeper water access than unsuccessful nests.
Significant differences in vegetation surrounding nest sites were observed between the 2
drainages. Nest losses with known causes were attributed to flooding, wash-out by wave
action, and infertility. Suspected causes of nest failures included human disturbance,
dropping water levels and interactions with bald eagles. Reuse of a physiographic area for
nesting occurred 94% (n=32) of the time. Nests were located within 50 m of a previously
used nest bowl 50% of the time. Loons nesting successfully one year reused the area
within 50 m of the previous successful nest over 60% of the time. A significant negative
relationship was shown between the number of chicks produced per total nest attempt and
the surface area disturbance ratio. A positive relationship was indicated between the
number of fledged juveniles per nest attempt after protective signs were used and Skaar's
disturbance rating. Human related disturbance, which included boats and shoreline
activities accounted for 59% of the observed flushes and kept loons off their nests an
average of 24 minutes per flush. Natural activities taking loons off the nest included
territorial activities, nest building, heat stress and insect harassment. These activities
accounted for 40% o f the flushes and lasted an average of 8 minutes per flush. Average
flushing distances due to approaching boats for the 4 weeks o f incubation were 129,121,
91, 64 m respectively. Floating signs 137 m from nests formed a voluntary closure after
which the number of nest departures attributed to human recreational activity were reduced
from 32 to 13. The number of successful nests, number of chicks, and number of 2-chick
broods were significantly increased after the use of protective floating signs. These data
demonstrate that recreational activity on nesting territories was having a significant negative
effect upon loon productivity which can be mitigated with the use of floating signs
surrounding nest sites.
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INTRODUCTION

The common loon ('Gavia immef) is most often associated with the Great Lake states,
Canada and Alaska. Few people associate loons with Montana, and most people are
surprised to Ieam that Montana has the only significant loon population in the continental
United States west of the Mississippi River. The loon has become increasingly visible in
Montana and its presence on a territory is seen as an indicator of the pristine quality of the
lakes found in northwest Montana.
Efforts to determine population estimates and breeding status of the common loon in the
northeastern United State began when it became apparent that the use of pesticides was
adversely affecting populations of fish-eating birds. While environmental- pollutants have
negatively affected loons, studies generally indicated that loon populations were declining
due more to housing developments along shorelines of nesting lakes and increased human
recreational activities than to losses associated with pesticides (Mclntrye, 1989; Reum,
1976).
Regional efforts to assess common loon populations have only recently begun.
Historically, the common loon was listed as a breeding species in California, Oregon and
Washington. During the 1930's there was a major decline in the loon's breeding range,
and by the 1950's, the bird had apparently been extirpated as a breeding species in these 3
states. Within the last few years very limited nesting success has been documented in
Washington (Corkran 1988).
Pairs of loons and single birds were sighted in several portions of Idaho; however,
only I nest has been documented on the Idaho-Wyoming border (Fitch and Trost, 1985).
Ten pairs of nesting loons have been identified in Yellowstone National Park (McEneaney
1988). These 11 pairs probably constitute most of the population o f loons in Wyoming.
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British Columbia appears to have a healthy breeding population of several hundred nesting
pairs with numbers increasing (Corkran 1988).
Efforts to determine the status of common loons in Montana began in 1982 when Skaar
(1989) began a survey in northwestern Montana. Average values between 1982-1989
indicated that the summer population consisted of 160 loons and 44 territorial pairs.
However, only an average of 24 pairs successfully raised 1-2 chicks each year.
Successful breeding occurred mostly on lakes associated with glaciated valley floors.
Loons did not utilize lakes which were less than 5.4 ha in size or above 1491 m in
elevation.
Since the population of loons in Montana is located on the edge of IOon distribution in
North America, recreational development of lakes in this region has the potential to
fragment this population creating "biological islands". These are areas of at least
marginal habitat surrounded by habitats o f unacceptable quality (Picton and Mackie, 1980).
Gene flow between the "islands" is theoretically essential to the long term survival o f the
species. If excessive fragmentation due to loss of habitat continues between the Pacific
Northwest and the Canadian provinces of British Columbia and Alberta, subpopulations of
common loons in Montana could become vulnerable to local extinction.
The regulatory status of the common loon in Montana varies with the government
agency involved. The U.S. Forest Service in Region I listed the loon as a "sensitive
species" in September 1986. Region 6 o f the U. S. Fish and Wildlife Service has not
classified the loon as threatened or endangered, nor is the loon a candidate species for
either of these classifications. The Montana Department o f Fish, Wildlife and Parks has
classified and protected the loon as a nongame species.
Skaar's (1986) work on common loons in Montana provided important information
regarding general population size and habitat requirements. However, when the U. S.
Forest Service designated the loon a "sensitive species", more specific information within
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major river drainages was necessary to more adequately manage these birds; thus, the
specific goals of this study were to:
1) Establish a population data-base for lakes within the Clearwater-Swan and TobaccoStill water River drainages.
2) Determine patterns of lake use as related to individual territorial requirements.
3) Identify the nest sites and nursery areas within the territories of loons in the study area.
4) Identify sources of disturbance and their affects on nesting and brood rearing success.
5) Analyze the habitat composition of nest sites and the degree to which these areas were
reused from year to year.
6) Document nest chronology, nest success, chick development, and fledging success.
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STUDY AREA

Clearwater-Swan Drainage
Two study areas were located in northwestern Montana (Fig.I). The first area included
11 lakes located between the towns of Condon and Seeley Lake in the Swan valley (Fig. 2).
The Swan valley lies between the Mission Mountains on the west and the Swan
Mountains on the east. Both ranges are composed of Precambrian sedimentary formations
which rose up as great slabs and then tilted down and eastward. All of the study area lakes
originated due to glacial action (Alt and Hyndman 1986). There is a small divide between
Lindbergh and Clearwater lakes. The water flowing south of the divide forms the
Clearwater River while the drainages flowing north form the Swan River.

^

Eight of the lakes are located along the Clearwater River drainage. These lakes include
Clearwater, Rainy, Alva, Inez, Seeley and Salmon. Placid Lake is in the Owl Creek
drainage and and Marshall Lake is in the Marshall Creek drainage. Both of these streams
flow into the Clearwater River.
Lindbergh, Holland and Loon Lakes are all in the Swan River drainage. Holland Lake
is drained by Holland Creek, a tributary of the Swan River. Physical characteristics of all
11 lakes are presented in Table I. General locations of each loon territory in this drainage
are indicated in Figure 2.
Upland vegetation consists of mixed coniferous forests. Riparian areas along the 2
river drainages are dominated by thick stands of willow fSalix spp.).The climate o f the
Swan Valley is characterized by cool, wet springs and warm summers. Mean annual
precipitation ranges between 102 -1 5 2 cm. Precipitation for April, May and June in 1986
was 2.0, 6.2, 7.1 cm, respectively, and for the same months in 1987 was 1.9, 5.1 and 6.0
cm. Ice-out occurred in a northward progression beginning at Salmon Lake at the south
end. Lakes typically became ice free between 1-15 April.
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Figure I. Map of northwestern Montana indicating the location o f the Tobacco-Stillwater
and Clearwater-Swan River drainage study areas.
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Figure 2. Map of the Clearwater-Swan River drainage study area.
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Table I. Physical characteristics of study lakes in the Clearwater-Swan River drainage.
Surface
Shoreline
M axim um
M ean
length (m)
a rea (ha)
depth (m)
L ake
depth (m)
I

10.4

1392

1.8

1.2

Holland

173.6

8608

47.2

18.2

Lindbergh

324.2

36.6

Clearwater

43.5

16604
**

12.2

20.8
*

Marshall

33.4

3017

16.8

*

Rainy

30.9

2551

9.5

Alva

121.6

6642

29.0

6.8
*

Inez

109.8

6995

21.0

Seeley

415.9

13899

41.0

11.3
*

Placid

483.0

10820

27.4

18.3

Salmon

242.0

15530

21.3

10.0

Loon

* Not available
** Not measured
Tobacco-Stillwater Drainage
The second study area, located in the Stillwater-Tobacco River valley between the
towns of Whitefish and Eureka, included 12 lakes (Fig. 3). This valley lies west of the
Whitefish Range and east of the Salish Mountains. The valley floor was the route of the
great Rocky Mountain trench glacier which extended as far south as the Mission and
southern Swan valleys (Alt and Hyndman 1986). Thus, all the study lakes have a glacial
origin. There is a slight divide at Stryker, Montana. Most of the water south of the divide
flows into the Stillwater River while the drainages north of the divide eventually join the
Tobacco River.
Tally, Lower Stillwater, Upper Stillwater, Fish, Bull and Fishbull lakes are all part of
the Stillwater River drainage. Upper Whitefish Lake is drained by Swift Creek which flows
into Whitefish Lake. The Whitefish River flows out of Whitefish Lake and into the
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Flathead River drainage. Dickey, Murphy and Marl Lakes are all within the Tobacco River
drainage which flows into the Kootenai River and Lake Koocanusa. The physical
characteristics of all 12 lakes are presented in Table 2. General locations of each loon
territory in this drainage are indicated in Figure 3.
Upland areas are covered with mixed coniferous forests. Riparian areas support thick
stands of willow CSalix spp.) and alder CAlnus spp.).
The climate of the Tobacco Valley is characterized by cold wet springs and warm
summers. Mean annual precipitation ranges between 102- 152 cm. Precipitation for
April, May and June of 1986 was 2.5,5.6, 7.1 cm respectively. Precipitation for these 3
months in 1987 was 2.6, 1.7,7.7 cm respectively. Ice-out in this drainage usually
occurred between 1-15 April. Murphy was one of the first lakes to thaw, while Dickey and
other smaller lakes typically thawed at least 2 weeks later.

Table 2. Physical characteristics of study lakes in the Tobacco-Stillwater River drainage.
M ean
M axim um
Surface
Shoreline
depth (m)
dep th (m)
length (m)
L ake
area (ha)
501.0

13509

150.1

76.3

Upper Whitefish

32.9

2657

10.4

4.6

Lower Stillwater

100.5

6565

15.9.

6.1

Upper Stillwater

243.2

16609

22.6

9.2

Dog

39.3

4292

7.6

3.1

Fish

12.8

3008

10.7

Bull

40.8

5480

21.4

4.6
*

5.9

1386

6.1

2.1

Dickey

240.8

7775

22.6

17.9

Murphy

57.7

3293

7.9

Loon

14.7

2185

7.6

4.6
*

Marl

41.6

2692

32.6

15.3

Tally

Fishbull

* Not available

*V
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Figure 3. Map of the Tobacco-Stillwater River drainage study area.
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METHODS
Field observations in 1986 began with weekend work from mid-May to Memorial Day
and continued full time until early September. In 1987, data were collected on weekends
between 1-15 May, full time between 13 June and the end of August, and again on
weekends through 20 September. In 1988-91, data were gathered on weekends from 15
April until 7 June; and full time until 17 June. In 1989-92 weekend observations were
confined mainly to the Clearwater-Swan drainage due to constraints imposed by time and
distance. U. S. Forest Service personnel, in a cooperative effort with my study, monitored
the study lakes in the Tobacco-Stillwater drainage. In 1986-87 distances between lakes
within the two drainages resulted in approximately 20,000 miles o f travel. Weekend travel
between 1988-1991 averaged 300 miles.
Determination of Nest Locations. Measurements and Success
Nests were located by scanning shorelines and islands using a Bushnell 15-60 X
spotting scope. Special attention was given to areas o f emergent vegetation. Nest locations
were recorded on prepared maps of each lake. Nest measurements were taken as described
by Sutcliffe (1980). The degree to which nest sites were reused was determined as
described by Strong (1987). A nest was considered to be successful if at least I chick
hatched out of it.
Determination o f Incubation Initiation
Dates of incubation initiation were determined by estimating age o f chicks (Olson and
Marshall, 1952) and backdating from date of hatch. Researchers have found varied lengths
o f incubation ranging from 26-31 days (McIntyre, 1975). Since Yonge (1981) reported
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that loons actually incubate any I egg for only 26 days, I used an incubation period of 2628 days.
Determination o f Lake Use
During the first summer, I obtained preliminary data on lake locations and presence or
absence o f loons. The second summer I narrowed my attentions to the lakes with pairs of
loons, especially pairs with chicks. Lake use was determined by mapping the locations of
resident loons on each lake. Adults and chicks were recorded as separate entries. Locations
indicated on maps were combined into 2-week periods. Areas of use were then calculated
using a computerized digitizer and the Jandel Scientific Graphics program. Total territory
size was determined by combining all 2-week observations for each year onto I map. Maps
for 1986, 1987 and 1988 were then combined to calculate the cumulative breeding territory.
Determination of Human Disturbance
Several strategies were used for determining human disturbance. The first, employed
during both summers, was to observe the loons for either I or 4-hr.periods, during which
time I mapped locations of loons and all water craft, and noted loon vocalizations and
behavior at 5 minute intervals.
The second strategy involved determining disturbance of nesting loons. Observations
occurred on weekends between I M ay-15 June and each lake was monitored on Saturday
(day I) and Sunday (day 2). Six lakes in the Seeley-Swan drainage which normally receive
moderate to heavy fishing pressure were selected as "disturbed" lakes. One lake, in the
same drainage, with no access and no game fish, was selected as a control lake. On each
lake I observed the loons during 2 or 4-hr. time periods and at 5 minute intervals, recorded
behavior, postures of the incubating bird, and vocalizations. The amount of time the loon
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spent off the nest (for any reason) was determined with the use of a Micronta Digital LCD
stopwatch.
The critical disturbance distance was determined using a range finder with a 914 m
capability. At the beginning of each observation period I used the range finder to measure
the distance between myself and the incubating bird. A compass reading between myself
and the bird was also taken at this time. If the loon lowered its head or left the nest because
o f an approaching boat, the range finder and compass were used to determine the distance
and location of the watercraft. This data was used in the Law of Cosines (McKee, 1969) to
determine the distance between the boat and the nesting bird.
Three methods were used to give an indication of the degree to which a lake was being
affected by human activities. Two involved calculating ratios developed by Vermeer
(1973). The ratios were calculated by assigning 10 points for each resort or government
campground, 5 points for unmaintained public access sites and I point for each home or
cabin around the lake. These points were totaled and divided by surface area
(hectares/acres) or shoreline length (meters) and then used in regression analysis with chick
production and fledging data. The surface area disturbance ratio gives general comparisons
between lakes regarding human activities which occur on the lake. The shoreline disturb
ance ratio was included because slow moving boats trolling near the shoreline and shoreline
development impact nesting loons more directly than boats in the middle of the lake.
The third method was developed by Skaar (1989). This method included a priority
rating which enables managers to quantitatively determine which lakes should have priority
management considerations. I used 3 categories from his system: shoreline disturbance,
fishing pressure and public access rated on a scale of I to 3 with a I indicating minimum
levels of disturbance. Ratings for each lake were added together for a total Skaar disturb
ance rating and used in regression analysis with chick production and fledging d a ta .
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Determination of Shoreline Composition
Shoreline composition was determined by canoeing the perimeter of each study lake in
August. Shoreline was classified into the following groups: Bare (no shoreline vegetation);
Debris (logs or other obstacles along the shoreline); Grass (forbs and terrestrial grasses);
Understory (vegetation less than 3 m tall); Overstory (vegetation greater than 3 m tall);
Emergents ( sedges, rushes, cattails or other emergent plants). The percentage of the
shoreline covered by each of these classifications was computed using a digitizing board and
the Jandel Scientific Graphics program.
Placement of Protective Floating Signs
Protective floating signs were constructed by personnel in the U.S. Forest Service and
Montana Department of Fish, Wildlife and Parks using the diagrams in Figures 6-7. These
signs were placed 137 m (150 yds) in a semi-circle around loon nests as soon as the nests
were located. They were removed approximately 2 weeks after hatching.
Statistical Analysis
Statistical analyzes were undertaken using the MSUSTAT Statistical Analysis Package,
Microcomputer Version 4.10 which was developed by Dr. Richard E. Lund, Montana State
University, Bozeman, Mt. 59717. The acceptable level of statistical significance is 0.10.
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RESULTS AND DISCUSSION
Nest Chronology
Arrival on territories occurred immediately after ice-out which agrees with observations
o f others (McIntyre 1975, Sutcliffe 1980). All pairs had established territories by 22 April.
Earliest and latest arrivals were 2 April-22 April, respectively, with over 68% of the loons
arriving between 14 April-21 April.
The earliest that incubation was initiated was between 26-29 April with the latest
between 21-26 May. This late nesting attempt appeared to be a response to disturbance by
logging activities on the shoreline of the small lake used by this pair.
Fifty-three percent of 45 nesting pairs were incubating by 7 May during 1986-1990. A
significant difference was observed between drainages since 69% (18 of 26) of the nesting
pairs in the Clearwater-Swan drainage were incubating by 7 May while only 27% (5 of 19)
in the Tobacco-Stillwater were incubating by that date (Chi-square = 8.091; df=l,
P=0.04). Most of the nesting pairs (73%, 14 of 19) in the Tobacco-Stillwater initiated
incubation between 8-20 May.
Yonge (1981) and Heimberger et al. (1983) found that early nesting efforts tended to be
more successful. In this study, all nests initiated between 26 A pril-1 May were successful
(5 of 5) while 83% (20 of 24) initiated between 26 April-7 May and 71% (15 of 21)
initiated between 8 May-26 May were successful. Loons in the Tobacco-Stillwater drainage
experienced a lower rate of reproductive success in terms of the number of territorial,
nesting, and successfully nesting pairs. Since a significant number of pairs in this drainage
nested after 8 May, a larger number of nests may have been predisposed to failure.
Only 2 renest attempts were confirmed. Two others were suspected based upon late
hatch dates and extended periods when only a single bird was observed on a territory
before a late hatch. However renesting was difficult to discern because observations were
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made only on weekends and a brief nest attempt made during the week would have been
overlooked. Various authors (Olson and Marshall 1952; Sutcliffe 1980; McIntyre 1975;
Evers 1990) have indicated that renesting usually occurs within 2 weeks o f the original
nesting attempt. This is in agreement with my observations where the original nest on
Salmon Lake was abandoned after 8 May and the bird was observed renesting on 22 May.
In 1991, the pair on Murphy Lake renested within I week of loss o f the first nest. It has
also been observed that loons are more likely to renest if the nest is lost early in the
incubation period. Since oyer half of the pairs were incubating by 7 May, a failed nest
attempt during the first week of May could be followed by a renesting attempt around 15
May. If all nests initiated after 15 May were renests, then renesting attempts could have
been as high as 13% (6 o f 45) with a success rate o f 83% (5 of 6).
The earliest hatch date observed was 24 May while the latest was 2 July and probably
represented a renesting effort. Sixty-eight percent (24 of 35) of chicks hatched between 24
May and 7 June while 97% hatched by 14 June.
Population Characteristics
Six years of observations suggest an adult loon population in the 2 drainages o f 48
birds or approximately 30% of the population reported for Montana (Skaar 1989).
Individually, the Tobacco-Stillwater and Clearwater-Swan drainages accounted for 17%
and 13% of the state population, respectively. A density of I adult loon per 72.2 ha of lake
surface area was determined for the entire study area. The Tobacco-Stillwater and
Clearwater-S wan drainages had densities of 51.2 and 99.4 ha per loon, respectively.
Seventeen individual territories averaged 70.4 ha (range, 3.5-146.5 ha). Lakes less
than 125 ha (n=9) and greater than 240 ha (n=8) had territories averaging 36.0 ha (range,
3.5-98.1 ha) and 109.1 ha (range 47.1-146.5 ha) respectively. Territories on these small
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and large lakes encompassed, on average, 75% (range, 54-92%) and 33% (19-61%) o f the
total surface area, respectively.
For the purpose o f the discussion on productivity, the following definitions will be
used: A territorial pair refers to a pair of loons observed defending a territory between 15
April - 1 July. Nesting pairs refers to a pair which was observed incubating, or a nest site
which was discovered upon searching the shoreline of the territory. A successful pair
hatched at least ,one chick. Nest attempts refer to original nesting attempts plus any
additional renesting the pair may have attempted.
Nest Success
Nest success was measured by comparing successful pairs to total pairs, territorial
pairs, nesting pairs and nest attempts (Table 3). Corresponding proportions are
summarized in Table 4.
When successful pairs were compared with territorial pairs in the 2 drainages,
significantly fewer territorial pairs successfully nested in the Tobacco-Stillwater drainage
(P=0.0863; d f = I; Chi- square = 2.941). W hen successful pairs were compared to
nesting pairs for the 2 drainages, the Tobacco-Stillwater drainage also had fewer nesting
pairs which produced chicks. These results probably are the result o f repeated nest
failures on four territories within the Tobacco-Stillwater drainage. Two territories in this
drainage. Dog and Mid-Upper Stillwater, have been occupied since 1986, but have failed to
produce chicks. Two other territories, Lower Stillwater and South Upper Stillwater, have
experienced only limited success despite the use of floating signs to reduce human
disturbance since 1990. Other factors such as flooding have been a problem with these
nests. Although there were fewer territorial pairs in the Clearwater-Swan (Table 3), a
higher proportion was consistently successful (Table 4). Extensive mitigative measures to
reduce human disturbance have occurred in this drainage since 1989.
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Table 3. Summary of adult loons for the Tobacco-Stillwater (TS) and Clearwater-Swan
(CS) drainages 1986-1991.

Year

Total
adults
TS
CS

Total
pairs
TS
CS

Territorial
pairs
TS
CS

1986

25

20

11

8

11

7

6

5

3

5

1987

30

16

12

8

9

7

7

5

6

4

1988

26

20

13

9

10

7

8

6

3

3

1989

24

18

12

8

8

7

6

5

4

4

1990

25

26

12

12

12

8

10

7

6

5

1991

31

26

13

11

10

8

9

8

6

7

Ave *

27

21

12

9

10

7

8

6

5

5

Nesting
pairs
TS
CS

Successful
pairs
TS
CS

* Rounded to the nearest whole number.
Table 4. Comparison of successful pairs to total pairs, territorial pairs, nesting pairs and
nest attempts as an indication of nest success in T obacco- S till water (TS) and
________ Clearwater-Swan (CS) drainages 1986-1991._____________________________

Successful pairs per
Year

Total
pairs

Territorial
pairs
CS
TS

Nesting
pairs
TS
CS

Nest
attempts
TS
CS

TS

CS

1986

0.27

0.63

0.27

0.71

0.50

1.00

0.50

1.00

1987

0.50

0.50

0.67

0.57

0.86

0.80

0.75

0.80

1988

0.23

0.33

0.30

0.43

0.38

0.50

0.38

0.43

1989

0.33

0.50

0.50

0.57

0.67

0.80

0.67

0.80

1990

0.50

0.42

0.50

0.63

0.60

0.71

0.55

0.71

1991

0.46

0.64

0.60

0.88

0.67

0.88

0.60

0.78

Average:

0.38

0.50

0.47

0.63

0.61

0.78

0.58

0.75

Combined
0.44
0.55
0.70
0.67
average:________________________________________________________________

Loons in the Clearwater-Swan drainage were reproductively more successful in each of
the 4 categories (Table 4). When data for the 2 drainages were combined, 55% of the
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territorial pairs in this study were successful compared to 54% for all o f northwest Montana
(Skaar 1989), and others which ranged from 30% in the Eastern Upper Peninsula in
Michigan (Evers 1990) to 50% in Maine (Christenson 1981). Combined data also indicated
that 70% o f the nesting pairs were successful, a higher success rate than the 55% reported
by Skaar (1989) for all of northwestern Montana. Data from other states indicate a range
from 50% in Minnesota (Titus and VanDruff 1981) to 80% in Wisconsin (Zimmer 1982).
Chick production
The presence of chicks was usually ascertained by the 7th day after hatching, but
mortality was very likely to have occurred during the first week. Therefore, the number of
chicks in these data (Table 5) represent the minimum number hatched.
I compared the number of chicks to the total number of adults, territorial pairs, nesting
pairs and successful pairs (Table 5). Due to the weekend observation schedule, breeding
attempts which began and ended during the week were missed. As a result, some breeding
pairs may have been designated only as territorial pairs.
Table 5. Chick production in the Tobacco-Stillwater (TS) and Clearwater-Swan (CS)
_________ drainages between 1986-1991.___________________________________________
C hicks per

Y ear

T otal
a d u lts
CS
TS

1986

0.20

0.30

0.45

0.86

0.83

1.20

0.83

1.20

1.67

1.20

1987

0.30

0.31

1.11

0.71

1.43

1.00

1.25

1.00

1.67

1.25

1988

0.19

0.20

0.50

0.57

0.63

0.67

0.63

0.57

1.67

1.30

1989

0.33

0.39

1.00

1.00

1.30

1.40

1.33

1.40

2.00

1.75

1990

0.36

0.23

0.75

0.75

0.90

0.86

0.82

0.86

1.50

1.20

1991

0.39

0.38

1.20

1.25

1.33

1.25

1.20

1.11

2.00

1.43

Average:

0.30

0.30

0.84

0.86

1.07

1.06

1.01

1.02

1.75

1.36

Combined
average:

0.30

T erritorial
pair
TS
CS

0.85

N est
pair
TS
CS

1.07

N est
a tte m p t
TS
CS

1.02

• Successful
pairs
TS
CS

1.56
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The average number o f chicks produced per adults (0.30) was identical for the
Clearwater-Swan and the Tobacco-Stillwater and similar to Skaar's data for northwestern
Montana which indicated 0.25 chicks per adult (Skaar 1989). Other studies reported
slightly lower values ranging from 0.22 (Sutcliffe 1975) to 0.27 (Yonge 1981).
Chicks per territorial pair provides a comparison with the potential production if all the
birds defending territories had produced 2 young. Results for the 2 drainages were similar
and were /higher than the 0.69 reported by Skaar (1989) for northwestern Montana.
Skaar's results may be influenced by the fact that he only had 2 years data for the number
o f territorial pairs, much of which was collected in mid-July when the territorial urge of
nonbreeding or unsuccessful pairs had waned. My data was similar to that obtained by
both Rimmer (1988) and Christenson (1981) while Titus and VanDruff (1981) reported
0.42.
The number of chicks produced per nesting pair or nest attempt was essentially equal
(1.07) for the Tobacco-Stillwater and Clearwater-Swan. Skaar's data indicate that there
were 1.11 chicks per nesting pair for northwestern Montana. Olson and Marshall (1952)
reported 0.50 in Minnesota and Rimmer (1988) reported 1.22 chicks per nesting pair in
Vermont. Sutcliffe (1980) indicated that a loon population could be sustained or increased
at production levels of 0.50 - 0.79 chicks per nesting pair. If this is true, the populations in
these 2 drainages should be increasing.
There were 1.37 and 1.75 chicks produced per successful pair in the Clearwater-Swan
and Tobacco-Stillwater drainages, respectively, which resulted in an overall production of
1.56 compared to 1.39 from northwestern Montana (Skaar 1989). A greater number of 2chick broods may be the explanation for the higher number of chicks per successful pair in
the Tobacco-Stillwater despite fewer numbers o f nesting and successful pairs (Table 3).
Data from other states revealed that the number of chicks per successful pair ranged from
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1.05 in Minnesota (Olson and Marshall 1952) to 1.58 in New Hampshire (McCoy 1988)
and 1.60 in Maine (Christenson 1981).
Fledging
Juveniles were considered to be fledged if they were present in mid-August. At this
time, most were 10-11 weeks old and beginning to fly. The number o f fledged juveniles
was compared to the same parameters as the number of chicks produced (Table 6). These
data reflected mortality since June when the chicks were first observed.
Table 6. Fledging success in the Tobacco-Stillwater (TS) and Clearwater-Swan (CS)
_________drainages between 1986-1991._______________ _______________________
Fledged juveniles per'

Y ear

Total
a d u lts
TS
CS

T erritorial
p air
TS
CS

N est
p air
TS
CS

N est
attem p t
TS
CS

Successful
pairs
CS
TS

1986

0.20

0.30

0.45

0.86

0.83

1.20

0.83

1.20

1.67

1.20

1987

0.30

0.31

1.00

0.71

1.29

1.00

1.13

1.00

1.50

1.25

1988

0.19

0.20

0.50

0.57

0.63

0.67

0.63

0.57

1.67

1.33

1989

0.29

0.33

0.88

0.86

1.17

1.20

1.17

1.20

1.75

1.50

1990

0.24

0.23

0.50

0.75

0.60

0.86

0.55

0.86

1.00.

1.20

1991

0.39

0.27

1.20

0.88

1.33

0.88

1.20

0.78

2.00

1.00

Average:

0.27

0.27

0.76

0.77

0.98

0.97

0.92

0.94

1.60

1.25

Combined
0.27
0.77
0.98
0.93
1.43
average:_______________________________________________________________

The number of juveniles fledged per adult (0.27) was similar in the 2 study drainages.
These data compare favorably with those reported by Titus and VanDruff (1981), Yonge
(1981), Sutcliffe (1980) and Reiser (1988) which ranged from 0.15 to 0.28 juveniles
fledged per adult.
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Values for juveniles fledged per territorial pair (0.77) on the Tobacco-Stillwater and
Clearwater-Swan drainages were considerably higher than those reported by McIntyre
(1975), 0.27-0.31, in Minnesota. Sutcliffe (1980) reported values o f 0.44-0.58 as did
Yonge (1981) and Titus and VanDruff (1981). McCoy (1988) in New Hampshire and
Sawyer (1979) in Maine reported comparable numbers of 0.71 and 0.65 fledged per adult
respectively while Trivelpiece et al. (1979) reported the highest values o f 0.83 and 0.84 in
New York.
The average number of fledged juveniles per nesting pair for both drainages (0.98) was
higher than the 0.50 reported by Olson and Marshall (1952) and Sutcliffe (1980). McCoy
(1988) of New Hampshire recorded 0.79 and Rimmer's (1988) Vermont data indicated the
highest value, 0.92, in the literature. It is possible that some territorial pairs nested but
were not observed doing so. As a result, the number of nesting pairs may be
underestimated, resulting in the high mean value of 0.98 for my study areas.
The number of fledged juveniles per successful pair averaged 1.43 for both drainages.
Other reported values ranged from 0.84 in Maine (Christenson 1981) to 1.26 in New
Hampshire (Sutcliffe 1980).
Chick Survival
The number o f chicks fledged was essentially the same for both drainages (Chi square
= 0.2396E-02; d f= l, P=0.9610) (Table 7). Survival rates were very high as revealed by
the overall averages of 90.8% and 92.7%. However, the percent survival dropped
somewhat in 1989 corresponding to a simultaneous increase in bald eagles in both
drainages (Flath pers. commun.). Adult and subadult eagles were observed swooping in
after 1-4 day old chicks, and these birds were suspected to have killed at least 5 chicks 4
weeks old or less. In I case, campers observed the eagle's attack on a family unit with a 2chick brood. After the attack, I chick remained. This is the only case where eagles were
actually observed preying upon loon chicks. Eagles have coexisted with loons on several of
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the study lakes for the duration of the study. Though eagle predation o f chicks was
suspected in 1988-1989, 1990 was the first year that loons were observed being negatively
impacted by their presence.
Table 7. Total number of chicks produced and fledged in the Tobacco-S till water (TS) and
________ Clearwater-Swan (CS) drainages between 1986-1991._______________
N um ber of chicks
N um ber of chicks
Percent
produced
fledged
survival
Y ear
TS
CS
TS
CS
TS
CS
1986

5

6

5

6

100

100

1987

10

5

9

5

90

100

1988

5

4

5

4

100

100

1989

8

7

7

6

88

86

1990

9

6

6

6

67

100

1991

12

10

12

7

100

70

Average:
Combined
average:

8.2
7.3

6.3

7.3
6.5

5.6

90.8

92.7
91.8

Nest Sites
Strong (1987) emphasized the importance o f locating and protecting nesting and nursery
area habitats from development and disturbance. Many Montana lakes are experiencing
rapid development. A discussion of nest site characteristics may enable others to identify
and protect the more secure sites for use by existing pairs or future recruits to a lake.
A total of 50 nests were observed between 1986-1990. Twenty-seven were successful.
Four nests, 2 of which were successful, could not be located to ascertain island type and
other site specific analysis due to washout or receding water levels which occurred after
incubation. Four other nests were on artificial platforms. These were not included in the
analysis since they were not natural sites. Forty-six successful and unsuccessful nest
locations are summarized in Table 8.
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Table 8. Summary o f combined data for successful and unsuccessful nest location (n=46)
between 1986-1990.
Successful
Unsuccessful
Total
Nest
nest site
nest site
Location
Peat island

15

11

26

Solid island

7

5

12

Artificial platform

2

2

4

Mainland

I

3

4

Nest Island Locations
Thirty-eight of 42 nests were on islands. Sixty-one percent (23 o f 38) of the nests
were located on islands in open water while 29% were found along a transitional swamp
shoreline and 10% were within a marsh.
Nesting islands in open water were 1-275 m from the mainland. Fifty-two percent (12
of 23) had a foundation of peat and would sink under the weight of the observer. The k
remaining were "solid" islands which had a rock or gravel foundation. Vegetation on solid
islands varied from grasses to conifers while vegetation on peat islands usually consisted of
sedges. Twelve of the 23 nests located on an island in open water were successful.
Transitional swamp shoreline was identified as a maze of very small peat islands
surrounded by water ranging in depths from 10-107 cm during high flows o f May and
June. By late June or July, the islands either were connected to the mainland or were
surrounded by water less then 10 cm. Identification of a swamp shoreline required close
inspection during the spring since this habitat appeared as mainland when viewed from the
opposite side of the lake. Riparian vegetation such as willow (Salix spp.), alder (Alnus
spp.), red-osier dogwood CComus stolonifera) and sedges (Carex sp.) usually surrounded
and sheltered nest sites. This plant community forms a dense thicket which discourages
travel and may limit access by some predators. Seven of 11 nests located along a swamp
shoreline were successful.
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Marsh nest sites were associated with extensive backwater areas, 30.5 m to more than
137 m from the main body of the lake. The loons accessed the lake using channels ranging
from 51 cm to 6.1 m wide. All islands used for nesting within a marsh were peat masses
which were generally larger than the peat islands used in the transitional swamp shoreline.
Cattails and various aquatic or semi-aquatic forbs constituted most o f the vegetation
surrounding the nests. Three of 4 nests located within a marsh were successful.
Other researchers have reported that loons nest in a variety of locations ranging from
sedge mats, floating muskeg, brush in water and logs to banks of earth, gravel bars, mud
flats, and rock ledges (Munro 1945; Olson and Marshall 1952; Skaar 1989). The
importance of islands to nest success of the common loon has been emphasized in
numerous studies (Olson and Marshall 1952; Sutcliffe 1980; Strong 1985). In Mclntrye's
(1975) study, 50% of all nesting occurred on islands. When artificial nesting platforms
were added to lakes lacking islands, 88% o f all nests were on islands. Olson and
Marshall (1952) found that 93% of 54 nests were on islands while, Vermeer (1973) found
96% of 26 nests on islands. Yonge (1981) noted that since young loons were produced
from sites other than islands, islands were not a territorial requirement but undoubtedly
enhanced the potential of an area as a territory.
Twenty-two of 38 islands supported nests which were successful (at least one egg
hatched). Fifteen of 26 sedge islands and 7 of 12 solid islands supported successful nests,
a 58% success rate for both. McIntyre (1975) indicated that increased success on solid
islands should occur when compared to sedge mats, perhaps due to greater security from
predation. My data did not support this hypothesis.
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Sizes of Nesting Islands
O f 32 islands measured, 19 were 11 m2 or smaller. The mean size o f islands was
219.3 m2 while the median was 9.0 m2. Considering the large number of small islands, the
median more accurately portrays nesting island size.
Differences in island size existed between the 2 study areas. Fifteen of 18 nest islands
in the Clearwater-Swan were 5.5 m2 or less while only 4 of 14 islands in the TobaccoStillwater were 11 m2 or less. Mean sizes o f nesting islands were 71.8 m2 and 394 m2
for the Clearwater-Swan and Tobacco-Stillwater, respectively. Corresponding median
values for the 2 areas were 2.9 m2 and 69 m2 respectively.
The size difference in nest islands between study areas was a result o f use of 2
different types of natural islands by loons. Twenty-two of 32 measured island sites were
sedge/peat masses, either solidly anchored or floating muskeg. The habitat type for 12 of
the 22 sedgepeat masses was the transitional swamp shoreline or marshes as described
above. Islands in these habitats were small, ranging from 0.7-27.0 m2 with a median size
o f 2.3 m2. Ten of the masses of floating muskeg were located in open water sites in
shallow backbays and were generally larger than sedge islands along swamp shorelines or
in marshes. These islands ranged in size from 1.7-469.0 m2 with a median size of 10 m2.
Sixteen of 18 nests in the Clearwater-Swan drainage and 6 of 14 in the Tobacco-Stillwater
drainage were located on sedgepeat islands. The median and mean sizes of sedge islands in
the Tobacco-Stillwater drainage were generally much larger than those in the ClearwaterSwan drainage.
Ten of 32 islands were solid islands as described above. There were distinct
differences between the two drainages regarding use of these islands. Both drainages had
approximately the same number of solid islands. Two of 18 nests in the Clearwater-Swan
and 8 of 14 nests in the Tobacco-Stillwater were on solid islands, respectively. These
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islands were much larger than the sedge islands, ranging in size from 30.3-1335.0 m2 with
a median o f 452.5 m2.
Vermeer (1973) did not find a statistically significant preference by loons for islands
smaller than 0.8 ha (2 acres), but he noted that 19 o f 25 nests were on islands less than 0.8
ha. Reum (1976), Olson and Marshall (1952), and Sutcliffe (1980) all reported a
preference for small islands for nest sites. My data agreed with these results.
No clear-cut preference was shown for sedge or solid islands. On the 5 nesting lakes
where both types occurred, loons on 3 (Salmon, Upper Stillwater, and Fishbull) nested on
both types o f islands sometime during the study. On Lake Alva a sedge island was used as
a nest site during 4 nesting seasons despite the presence o f a large solid island which was
further from a public boat ramp. Loon lake (Trego), a small private lake, has a solid island
which, in past years was the traditional nest site. However, a reduced water level
apparently made this island unacceptable to the loons because it became too accessible to
the mainland. An artificial nest platform, placed on the lake in 1988, was used by loons
but no chicks hatched. In 1989, loons hatched 2 chicks from the artificial platform. In
1990, depth of the lake increased, and the pair successfully hatched chicks from the solid
island, despite the availability of the artificial platform. In 1991, the artificial nest platform
was selected as the nest site and 2 chicks hatched from this site.
Loons probably used islands of either type opportunistically. Vermeer (1973) found 4
of 26 nest sites on muskeg while 22 were on firmer substrates like sand, clay or rock
boulders. Other factors such as wind and wave protection, location in a shallow
backwater, productivity o f the lake and lack o f human disturbance probably dictate which
type of island will be used.
Large solid islands are sites where human recreational activities often occur. While I did
not observe activity occurring on the larger islands in my study area, I received reports of
its occurrence. Other studies have documented the disruption of nesting loons by
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recreational island use (Titus and VanDruff 1981). Reum (1976) felt that the use of nesting
islands for lunch stops or campsites may be a key factor limiting loon reproduction in the
Knife Lake area of the Superior National Forest in Minnesota. She indicated that although
people did not usually destroy eggs or even locate nests, their presence kept the loons off
the nests. Alvo (1981) suggested that loons were beginning to select marsh nest sites over
favored open water island sites in response to increased human use of the islands. He
postulated that if this is true, the number of sheltered marsh bays may limit the number of
breeding pairs on a lake. Munro (1945) noted that when open water islands were not
present loons usually nested in marshes.
Nest Measurements
There were no significant differences in sizes o f successful and unsuccessful nests
regarding inside and outside nest diameters (Chi square=0.1026E-01, df=l,P=0.9192) or
height and depth (Chi square=0.5333, d f = I, P=O.4653) (Table 9). Sutcliffe (1980) and
McIntyre (1975) also found no relationship between nest measurements and the outcome of
nesting attempts.
Table 9. Mean measurements of common loon nests in northwestern Montana 1986-1989.
Inside
O utside
diam eter (cm) diam eter (cm)
H eight (cm)
D epth (cm)
All Nests

64.7

32.5

15.2

5.1

Successful Nests

62.5

32.3

14.3

5.9

Unsuccessful Nests

66.5

32.6

16.3

4.1

Inner and outer diameters and depths of nests in Montana were greater, but not
significantly, than those reported by McIntrye (1975) for Minnesota loon nests (Chi square
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=0.2075, df=l,P=0.6488). Close agreement can be seen between measurements of
Montana and New Hampshire nests (Table 10).

Table 10. Comparisons of sizes of common loon nests in northwestern Montana,
Minnesota, and New Hampshire.
Average outer
A verage inner
Location/ researcher
diam eter (cm)
diam eter (cm)
N.W. Montana/This Study

64.7

32.5

Minnesota/McIntyre (1975)

57.0

24.6

Minnesota/ Olson/Marshall (1952)

56.4

33.3

New Hampshire/ Sutcliffe (1975)

66.0

32.3

Distance to Water
The distance to water, measured from the outer rim of the nest to the closest open water
on 32 nests, averaged 7.9 cm (range 0-51 cm). Twenty-three (72%) nests had the outer
rim in contact with the water. All nests in my study areas were within 0.5 m from water,
which is a small range when corqpared to other states. Titus and VanDruff (1981) found
that 63.6% of nests in Minnesota were less than 0.5 m from water. Sutcliffe (1980) found
that most New Hampshire nests were within 91 cm of water with an average distance of
39.9 cm. However, several nests were 3 m from water late in the incubation period. Olson
and Marshall (1952) and Vermeer (1973) both indicated that most nests they observed
were as close to the water as possible.
There were only slight differences regarding distance to water between successful and
unsuccessful nests in my study. Successful nests in Montana ranged from 0-31 cm from
water while unsuccessful nests ranged from 0-51 cm. Sutcliffe (1980) noted that loon
nests within 0.3 m of water were significantly more successful than those at greater
distances. However, 75% of successful nests and 67% of unsuccessful nests were
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immediately adjacent to the water's edge which suggests that other factors were responsible
for nest losses.
Depth of W ater at Nest Sites
Depth of water at nest sites was measured at the edge of the island where the nest was
located. Average depth was 25.8 cm (n=30, range 5-120 cm). These data are comparable
to Olson and Marshall (1952) who reported that water depths at the nest edge in
Minnesota averaged 15.4 cm (6 in) and ranged between 0-0.9 m (0-3,ft). A summary of
water depths between nest edge and 3 m out into the lake is presented on Table 11.
Table 11. Comparison of water depths between successful and unsuccessful nests.
Successful
(cm)

Unsuccessful
(cm)

T otal nests
(cm)

Nest Edge

28.2

21.5

25.8

0.3 meter

28.9

38.6

34.9

1.5 meter

88.0

42.6

63.3

3.0 meter

. 89.7

60.4

73.4

Distance from nest

Successful nests had a significantly greater depth than unsuccessful nests (Chi
Square=I 1.37, df=3, P= 0.0099). My study lakes appeared to have a more gradual slope
from shoreline than those reported by Olson and Marshall (1952) where water depths at 3
m (10 feet) ranged between 0.3-6.1 m (1-20 ft) and averaged 1.7 m (5.5 ft).
Olson and Marshall (1952), Vermeer (1973) and McIntyre (1975) indicated that a deep
water access point was very important to loon nesting sites because birds were able to slip
onto and off the nest with as little obvious activity as possible. Using Sutcliffe's data
indicating that 30 cm of water is sufficient depth for a loon to dive, 75% of the nest sites in
my study areas had at least 30 cm of water within I m of the nest.
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Aerial Cover at Nest Sites
Aerial coyer generally consisted of willow or alder understory 1.5 m or less in the
immediate area of the nest. Of 40 nests analyzed for this component, 25 (63%) lacked
aerial cover o f any kind. When present, aerial cover usually consisted o f a single small tree
on one side of the nest. In my study, there appeared to be a slight advantage, though not
significant (Chi square=0.8031, df= l, P=0.3702), to nesting at sites without aerial cover
since 71% of successful nests were without cover compared to 58% o f unsuccessful nests.
In contrast, Olson and Marshall (1952) found preference for some degree o f overhead
cover. They rated overhead cover as dense, medium, sparse or none. Out of 54 nest sites,
11 were rated as having dense cover, 19 had medium, 14 had sparse and 10 had no
overhead cover. Vermeer (1973) found that 22 out of 25 nesting islands were wooded
while only 3 lacked woody (overhead) cover.
Vegetation Surrounding Nest Sites
Immediate vicinities of 39 nest sites were analyzed for general types o f vegetation.
Twelve were bare in early May when selected as nest sites. Twenty-seven (73%) were
surrounded by some type of vegetation during nest site selection. At the onset of
incubation, sedges or grasses surrounded 14 (52%) nests, small trees with or without a
grass/sedge/forb understory were immediately adjacent to 10 (37%) nests and cattails
surrounded 3.

High percentages of nests were located on vegetated sites suggesting a

preference for this type of habitat over bare sites.
There were no significant differences in nest success associated with surrounding
vegetation (Table 12; Chi square = 2.870, df=2, P=0.2387). However, there were highly
significant differences in nest site vegetation between the two drainages within the study
area (Table 13; Chi square = 5.304, df=2, P=0.0707). Two-thirds o f the nests in the
Clearwater were surrounded by taller vegetative types like cattails and small trees. In the
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Tobacco-Stillwater drainage, only one-third were found next to small trees. Cattail habitats
were not utilized in the Tobacco-Stillwater drainage (Table 13). This differential use of
cover types may be a factor in the higher nest success which occurred within the
Clearwater-Swan drainage compared with that in the Tobacco-Sdllwater. Since the
grass/sedge vegetative type is commonly found along the shoreline in both drainages, its
presence probably reflects the selection of a site immediately adjacent to water.
Table 12. Comparison of successful and unsuccessful nests with regard to vegetative
_______ types adjacent to the nest site._________________ :_________________ '
Successful nests U nsuccessful nests
(n=15)
(n=12)
Vegetative type
i
Cattails

20% '

0%

Small trees with sedge/grass/forb understory

33%

50%

Grasses/sedges

47%

50%

Table 13. Comparison of the Clearwater-Swan drainage and the Tobacco-Stillwater
_________ drainage with regard to use of 3 vegetative types._____________
C learw aterTobacco-StilEwater
C om bined
Vegetative type
Swan d rain ag e
drainage
drainages
(n=12)
(n= l5)
(n=27)
0%

11%

42%

33%

37%

33%

67%

52%

Cattails

25%

Small trees with

.

sedge/grass/forb understory
Grasses/sedge

Vermeer (1973) found that the most frequent plant species bordering loon nests in
Alberta, Canada were sedges, willow and balsam poplars. Olson and Marshall (1952)
identified 6 major cover types including sedges and grasses, willow-alder, cattails/bulrush,
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and no cover. Titus and VanDruff (1981) reported that less visible nests in the Boundary
Waters Canoe Area in northeastern Minnesota were significantly more successful than
more visible nests.
Composition o f Nest Materials
AU of the 35 nests examined in my study were composed of submergent vegetation
which the loons had piled on the nest site. Seventeen percent had additional materials such
as grasses or cattails placed on top. Considerable differences existed in the amount of
submergent vegetation used within a particular nest. Two nests located on peat islands on
North Seeley were large structures measuring 92 x 97 x 21 cm and 87 x 87 x 23 cm.
They were composed entirely of submergent vegetation pulled from the lake. In contrast, I
nest on a solid island consisted only of a thin base o f submergent vegetation with cattail
stems pUed on top. Two nests were buUt on artificial platforms using materials which were
provided for nesting. In these cases, the loons did not appear to utilize any material from
the lake.
Loon nests are often composed of materials found in the immediate vicinity of the
nest (McIntyre, 1975). McIntyre (1975) noted that loon nests on her study area were
remarkably similar to one another. Most contained "much wet rotting vegetation" and
were generally composed of clumps of roots, rhizomes, and decayed vegetation. Stems and
sticks added rigidity. She felt that differences in size and bulk o f nests such as those noted
in my study may be explained by the fact that nesting materials are more available on sedge
mats which have an abundance of aquatic vegetation near the nest. Nests on sohd islands
with gravel beaches and shallow access to water typically have fewer materials with which
to build a nest. She also hypothesized that the size of the final nest structure may be
determined by the degree of firmness since a substantial substrate is required to support the
weight of the nest, I or both adults and still keep the eggs from being submerged.
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Sutcliffe (1980) and McIntyre (1975) both noted that loons are opportunistic in
obtaining nest construction materials. Nests were composed of any available material and
loons did not demonstrate a specific vegetative preference. My data from loon nests in
northwestern Montana is in agreement with their findings.
Nest Location as Affected by Wind and Wave Action
Fifty-four percent (25 of 46) of the nests were located at the north end of a lake while
20% were found at the south end. Nests located on the east side, west side and middle of
the lakes represented 15%, 2%, and 9% of the locations, respectively. Successful (n=25)
and unsuccessful nests (n=21) were located at the north end of a lake 60% and 48% of the
time, respectively. The predominance of nests at the north end of a lake may reflect the fact
that the prevailing winds come from a northwesterly direction and wave action on such
nests would be less devastating. However, since nest success was quite similar at various
directional locations on a lake, factors other than wind may be involved (Table 14).
Table 14. Comparison o f successful and unsuccessful nests in relation to directional
locations along lake shorelines.
N orth
South
Nests
E ast
W est
M iddle
Successful nests
(n=25)

60%

20%

12%

0%

8%

Unsuccessful nests
(n=21)

48%

19%

19%

4%

10%

Total nests (n=46)

54%

20%

15%

2%

9%

McIntyre (1975) found that most nests in her study area in Minnesota were located on
the north and/or west sides of a lake. As in Montana, the prevailing winds from the
northwest created strong wave action on the south and east sides of a lake. She indicated
that while prevailing winds shape the shoreline and that while loons place nests to minimize
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flooding, the proximate cause of selection for north and west sides appeared to be choice of
substrate.
Ninety-one percent of nests (39 of 43) in my study area were protected from wave
action by a nearby shoreline, a small point, an island or by its location in a northwest
backbay. Similar findings were reported by Vermeer (1973) and Olson and Marshall
(1952). Sutcliffe (1980) also found that 91% of nests in New Hampshire were sheltered
from an "expansive fetch of wind" and felt that degree of shelter from waves was a major
determining factor in positioning of loon nests.
Wind Direction and Orientation Faced while Incubating
Prevailing winds in northwestern Montana are typically from the north or west. This
was reflected in the fact that 90% (39 of 43) of observations at nest sites recorded winds
coming from these directions. The directional orientation of 23 incubating loons was
observed. Twenty-one consistently faced either south or east while setting on the nest.
Nine birds were observed facing either north or west. The fact that directional orientation
of incubating loons is opposite the prevailing wind direction may be coincidental. Other
researchers have reported that loons tend to face the open water of their nesting lake so the
direction a loon faces while incubating is probably more a function of the nest location on
the lake than the direction of prevailing winds in the area (Yonge, 1981). In this study, 17
of the 23 incubating loons faced the open lake.
Reuse of Nests
Strong et al. (1987) defined reuse as either nesting within the same nest bowl used in a
previous year or nesting within 50 m of a previously used nest. Reuse o f the same
physiographic area (cove, marsh, backwater or island) of a territory was also important to
determine since management plans should attempt to reduce or prevent shoreline
development within these areas. I observed nest sites on 13 breeding territories for 2 or
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more years. This allowed determination o f the amount of reuse of a nest site. Forty-five
nests were located during this time which allowed 32 year to year comparisons. Combined
data revealed that reuse of a physiographic area occurred 94% o f the time indicating a high
fidelity to a particular nesting area. Nest sites were within 50 m of a previously used nest
bowl 50% (16 of 32) of the time while nests located within a previously used nest bowl
occurred in only 4 of 32 comparisons. There were no differences in reuse between the 2
study areas (Table 15).
Table 15. Comparison of reuse of nest sites and physiographic areas used for nesting in
________ the Tobacco-Stillwater drainage and the Clearwater-Swan drainage._________
Reuse off nest w ithin Reuse off old
Reuse of
physiographic a rea
56 m. off previous
nest bowl
D rainage
(n=19)
nest (n=18)
(n=19)
Clearwater/ Swan
(n=17)

94%

47%

12%

Tobacco/ Stillwater
(n=15)

93%

53%

13%

Combined data
(n=32)

94%

50%

13%

In order to determine how success affected reuse, year to year comparisons were
classified into four categories as follows: I) a successful nest was followed the next year
by another successful nest (+/+); 2) a successful nest was followed by an unsuccessful nest
(+/-); 3) An unsuccessful nest was followed by a successful nest (-/+); 4) An unsuccessful
nest was followed by another unsuccessful nest (-/-) (Table 16). Loons nesting
successfully one year renested within 50 m of the previous nest over 60% o f the time.
However, loons which experienced successive nest failures usually did not reuse the area
the following year. These observations agree with Strong et al. (1987) who postulated that
since loons are long-lived birds, experience may supplement instinct with regard to nest site
selection.
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Table 16. Comparison of reuse of nest sites and physiographic areas for 4 categories of
successful and unsuccessful nests.
Reuse of
Reuse o f nest w ithin
Success
Reuse of old
physiographic area 50 m. of previous nest
categories
nest bowl

+/+ (n=12)

100%

58%

0%

+/-

(n=6)

83%

67%

33%

-/+

(n=7)

100%

43%

29%

-/-

(n=7)

86%

29%

14%

Nest Failure
Twenty-two of 48 nests were unsuccessful for a variety of reasons. Thirteen were lost
for unknown reasons while 7 (32%) were flooded by rising water due to heavy and
prolonged precipitation or beaver !Castor canadensis) activity. A mammalian predator and
an infertile egg were each responsible for I nest loss.
Losses due to unknown reasons (n=13) were categorized into suspected causes of
failure which included human disturbance (54%), dropping water levels (8%), interactions
with bald eagles CHaliaeetus leucocephalus') (8%), wash out by wave action (8%) and
unknown losses with no probable or suspected cause (23%). It is possible that nest
failures due to predation in northwestern Montana could be as high as 64% if known
mammalian predation is combined with losses for unknown reasons.
Human disturbance was suspected in 7 o f 13 unknown losses because o f the high
frequency of recreational activity seen in the nest area. It probably affected success
indirectly by influencing vulnerability of eggs to predation. Ravens CCorvus corax) were
probably the predator responsible for most losses as they were present on both study areas
and were frequently seen flying over nesting loons. In I case, a fishing boat forced a loon
from the nest at Lake Alva. Two ravens were flying over the nest as this occurred and I
spiraled towards the nest. The loon was close enough to mount the nest in time to protect
the eggs. Ravens were also seen swooping down over nesting loons on Seeley Lake as if
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trying to intimidate them into leaving the nests. One loon lowered its head as the raven
passed, however, I never observed a loon leaving the nest due to these activities.
Interactions with a pair o f bald eagles was the suspected reason for the loss of I nest
on Salmon Lake. Bald eagles were responsible for keeping 5 different pairs of loons off
their respective nests for at least 25 minutes.
An infertile egg was the reason for nest failure at Loon Lake (Trego). This particular
lake experienced repeated unsuccessful nesting attempts due to dropping water levels which
caused the only island to be accessible to land predators. An artificial nest platform was
placed on the lake for use by the loons but became the site of a Canada goose IBranta
canadensis') nest on 22 April. However, on 2 May the loon was incubating on the
platform. Nesting materials were lost through the wire mesh on the bottom of the platform
throughout May. On 4 June the loon rearranged the nest and continued to incubate I loon
egg and I goose egg until sometime between 5 August and 10 August when she was
observed off the nest. This prolonged incubation lasted approximately 95 days. Sutcliffe
(1975) reported an incident of prolonged incubation of up to 74 days in New Hampshire.
In New Hampshire 57% o f the nests failed. Raccoon IProcyon lotor) predation was
the major reason and was responsible for 37% o f the nest failures (Sutcliffe 1980).
McIntrye (1975) found that predation was responsible for 75% o f the nest failures in
Minnesota but only 46% of failures of nests located on islands. However, losses of nests
located on sedge mats were always the result of predation. The raccoon was also the
principle predator in Minnesota (Mclntrye 1975). She also indicated that while most losses
occurred at night, diurnal loon activity associated with nest relief, not the nest and eggs per
se, may draw attention to the nest, especially from avian predators. This would underscore
the importance o f a deep water access to the nest site.
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Human Disturbance
Several studies have documented that human activities can have negative impacts upon
nesting success and brood survival o f common loons. Titus and VanDruff (1981) noted
that loons were reproductively more successful on lakes where motors were not allowed.
Vermeer (1973) felt that the loon's intolerance to human disturbance may leave fewer or no
young to return to breed on lakes where such disturbances occur. Using disturbance ratios
also utilized in this study, he concluded that loons prefer to nest on lakes where there is a
minimum of human disturbance. Heimberger (1983) reported that loons which initiated
incubation early in the breeding season were more likely to be successful than those which
nested later when the risk of human disturbance was greater. She found that hatching
success declined as the number of cottages within 150 m of the nest increased. However,
once eggs had hatched, chick survival appeared to be independent o f cottage development.
Heimberger further indicated that loons can cope with a relatively low level of recreational
pressure from humans and that some loons nesting on developed lakes had become
habituated to human disturbances. Reum (1976) indicated that the main factor limiting
reproduction appeared to be disturbance o f nest sites by canoeists during spring breeding
season.
In this study I attempted to identify specific human activities which may negatively
impact nesting and rearing success of common loons. I also wanted to determine if
mitigative measures such as posted floating signs forming voluntary closures around nest
sites would effectively reduce human disturbance.
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Disturbance Ratios
There were no significant differences between the Clearwater-Swan and TobaccoStillwater drainages with regard to the surface area disturbance ratio indicating that the lakes
in the 2 drainages had about the same level o f human disturbance. However, when lakes
with a disturbance ratio o f O were excluded to allow exclusive comparisons o f lakes
experiencing recreational development, the Clearwater-Swan had a higher average shoreline
disturbance ratio than the Tobacco-Stillwater (Mann-Whitney test, P=0.2390) (Table 17).
This difference, although not statistically significant, does agree with field observations that
the Clearwater-S wan drainage was more impacted by human activity than the TobaccoStillwater.
Skaar's disturbance ratings are summarized in Table 18. Mann-Whitney tests revealed
that the drainages had similar shoreline disturbance ratings (P=0.9431). Fishing pressure
(P=0.5677) and public access (P=0.3531) also were not significantly different between
the 2 drainages.
Simple regressions compared the 2 disturbance ratios and Skaar's ratings to chick
production, fledging and percent survival before and after the protective signs were used.
In most cases there were'ho significant relationships. However, a significant negative
relationship was revealed between the number of chicks produced per total nest attempt
and the surface area disturbance ratio (r=0.6586; P=O-0104) (Fig.4) indicating that
increasing human disturbance does negatively impact chick production. A positive
relationship (Fig.5) was discovered between the number of fledged juveniles per nest
attempt after use of protective signs and Skaar's disturbance ratings (r=0,405; P= 0.1503).
While not statistically significant, this may indicate that mitigative measures are helping to
overcome the disturbance created by recreational activities. However, protective signs are
removed by mid-July and should not affect fledging success. It is possible that signs do
reduce some mortality which occurs during the first 2 weeks after hatching by limiting the
amount of activity occurring in nursery areas used by newly hatched chicks.
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Table 17. Calculated surface area and shoreline disturbance ratios of study lakes in the Clearwater-Swan and Tobacco-Stillwater

drainages; number government campgrounds/resorts (#G C/R), number of unmaintained public access sites (#U
PAS), number of homes/cabins (#H/C, total disturbance units (Total DU). Disturbance ratio modified after Vermeer
(1973)._____________________________________________________________________________________________
L ake

#G C/R

#U PAS

#H /C

Total
DU

Size
ha (acres)

D istu rb an ce ratio
u n its/ha (acres)

S h o re lin e
length (m)

D istu rb an ce ra tio
unit/length

C learw ater-S w an drainage
L o o n (K C )
H olland
L indbergh
C learw ater
M arshall
R a in y
A lva
Inez
S eeley
Placid
S alm o n

O
2
I
I
I
I
2
2
8
2
3

O
O
O
O
O
O
O
O
O
I
I

O
16
50
O
O
O
O
31
88
69
11

O
36
60
10
10
10
20
51
168
94
46

25.7
428.8
800.0
107.4
82.5
76.3
300.4
271.2
1027.3
1193.0
597.7

(10.4)
(173.6)
(324.2)
(43.5)
(33.4)
(30.9)
(121.6)
(109.8)
(415.9)
(483)
(242)

0.0000 (0.0000)
0.0840
0.0749
0.0931
0.1212
0.1311
0.0666
0.1881
0.1587
0.0788
0.0770

(0.2074)
(0.1851)
(0.2300)
(0.2994)
(0.3240)
(0.1644)
(0.4645)
(0.4039)
(0.1946)
(0.1901)

I
I
2
I
I
O
O
O
3
I
O
O

O
O
I
O
2
I
2
O
O
I
O
2

O
O
19
O
I
I
I
I
9
4
O
I

10
10
44
10
21
6
11
I
39
19

1237.5
81.3
248.3
600.7
97.1
31.6
100.8
14.6
594.8
142.5
36.3
102.8

(501)
(32.9)
(100.5)
(243.2)
(39.3)
(12.8)
(40.8)
(5.9)
(240.8)
(57.7)
(14.7)
(41.6)

0.0081
0.1230
0.1772
0.0166
0.1133
0.1899
0.1091
0.0685
0.0656
0.1333

(0.020)
(0.304)
(0.438)
(0.0411)
(0.5344)
(0.4690)
(0.2700)
(0.1690)
(0.1620)
(0.329)
(0.0000)
(0.2644)

1392
8608
16604
-

0.0000
0.0040
0.0040
-

3017
2551
6642
6995
13899
10820
15530

0.003
0.004
0.003
0.007
0.012
0.009
0.003

13509
2657
6565
16609
4292
3008
5480
1386
7775
3293
2185
2692

0.0007
0.0040
0.0070
0.0006
0.0049
0.0020
0.0020
0.0007
0.0050
0.0060

T o b acco -S tillw a ter d rain ag e
T ally
U p p er W h ite fish L ak e
L o w e r S tillw a te r
U p p er S tillw a te r
D og
F ish
Bull
F ish b u ll
D ickey
M urphy
L oon (T reg o )
M arl

0
11

0.0000
0.0584

0.0000
0.0041
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Table 18. Summary o f the Skaar disturbance rating for individual study lakes in the
_________ Tobacco-Stillwater and Clearwater-Swan drainages.______________________
Fishing
Shoreline
Public lake
disturbance
pressure
access
Total
Clearwater-Swan drainage
Loon (KC)
Rainy
Alva
Seeley
Salmon

I
I
2
3
3

I
2
3
3
I

2
2
3
3
3

4
5
8
9
7

Tobacco-Stillwater drainage
Tally
Lower Stillwater
Upper Stillwater
Fishbull
Murphy
Marl
Loon (Tr)

2
2
2
3
2
3
I

I
2
I
2
3
2
2

3
2
3
I
3
2
I

6
6
6
6
8
7
4

-

Shoreline Disturbance Ratings: (I) <= 15.1% disturbed; (2) 17.3-38.4% disturbed; (3) >=
38.7% disturbed; (Disturbance = percent of shoreline within 200 feet o f a road,
campground, house or boat ramp). Fishing Pressure Ratings: (I) <=82.7 angler
days/yr/km shoreline; (2) 95.1-181.4 angler days/yr/km shoreline; (3) >= 183.7 angler
days/yr/km shoreline. Public Access: (I) No road within 200 feet of lake or no public
access permitted. (2) Road within 200 feet o f lake, public access allowed, no public boat
access site exists. (3) Public boat access site exists.
Data reported by the Minnesota and New York Project Loon Watch programs indicated
no significant differences in loon productivity on lakes divided into 9 human use categories
ranging from no use to heavy motorized boat traffic (McIntyre, 1989). Smith (1981) found
that productivity was essentially identical for Alaskan lakes on a canoe route and lakes
receiving little or no human use. On the Boundary Waters Canoe Area, Titus and Van Druff
(1981) reported that during I year of research productivity on heavily used lakes was the
same as that observed on low-use lakes. However, the following year, the low-use lakes
fledged 80% more young per pair than high-use lakes.
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1.00

SURFACE AREA DISTURBANCE RATIO
Figure 4. The relationship between the number of chicks produced per total nest attempt
and the surface area disturbance ratio.

o

BEFORE PROTECTIVE SIGNING

•

AFTER PROTECTIVE SIGNING

Before

SKAAR DISTURBANCE RATING
Figure 5. The relationship between Skaar's Disturbance Rating and the number o f fledged
juveniles per nest attempt before and after the use o f protective signs.
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Apparent Causes of leaving Nest Sites
Average time off the nest due to natural causes was significantly shorter then for human
related disturbances (Mann-Whitney; P=0.0369) which included boats, shoreline
disturbance and human activity occurring after the loon flushed for unknown reasons
(Table 19). These activities accounted for 59% of the observed flushes from nests and
resulted in loons staying off their nests an average of 24 minutes per flush. Twelve (52%)
o f the 23 boats involved in flushing loons were fishing boats. Three canoes (13%), I
kayak (4%), 4 rowboats (17%) and 3 (13%) unspecified boats made up the balance of the
boats causing temporary abandonment of nests.
Table 19. Reasons for loon nest departures and average time away from the nest in the
Clearwater-Swan drainage in the Lolo National Forest, 1988-89 (n=45).
Percent
A p p aren t cause of flushing
Average time
off nest (min)
Natural causes of leaving the nest
Territoriality

9%

10.6

11%

4.1

Insects/heat stress

7%

10.6

Changing incubators

4%

4.9

Unknown cause/no human
disturbance after entering water

9%

10.0

51%

21.8

Shoreline disturbance

4%

26.3

Unknown cause/human disturbance
occurred after entering water

4%

24.0

Nest building ■

Human related causes for flushing
Boats

On 2 occasions, activity on the shoreline caused the incubating bird to leave the
nest. One of these cases involved people loudly conversing at a boat dock 277 yards
south o f the nest. The other was an unknown disturbance occurring on the mainland
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directly behind the nest. These 2 disturbances occurred near the same nest which was in its
first week of incubation. This loon appeared to be more sensitive to disturbance than it
would have been later in incubation.
Natural activities which resulted in loons leaving the nest included territorial activities,
nest building, heat stress and harassment of the nesting loon by insects. These activities
accounted for 40% o f the flushes from nests which lasted an average o f 8 minutes.
Observed territorial behavior included raised necks, displacement peering, displacement
diving, mutual or individual splash dives, chasing, penguin dances or the utterance of
yodels as described by Rummel and Goetzinger (1975). Actual observance o f an intruder
was made in only I of 4 territorial disruptions. In 2 cases the cause of the territorial
behavior could not be identified. In the fourth case, territorial aggression was directed at a
female ring-necked duck IAythya collaris) that apparently swam too close to the nest site,
Typically, territorial displays from the non-incubating bird would cause the incubating bird
to leave the nest.
Nest building activities occurred when birds pulled vegetative materials out of the lake
and threw it onto the nest. This activity was most commonly observed during the first week
of incubation. Times off the nest were generally very short.
Harassment by insects was evident during observations on hot spring days when
incubating birds vigorously shook or rubbed their heads before leaving the nest and
entering the water. Heat stress was suspected when the birds were seen panting or sitting
with wings slightly opened before entering the water.
Changing incubating duties was observed 4 times. On 2 occasions, the incubating bird
left the nest and the non-incubating bird took over setting on the eggs a short time later.
The loons on Loon Lake on Kraft Creek road were also observed changing incubators
twice. However, in both o f these instances, the non-incubating bird mounted the nest and
moved next to the setting bird. The loon on the nest then slipped off while the second
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moved over onto the nest, turned the eggs and resumed incubation. During this procedure,
the eggs were never left unattended and actual departure from the nest did not occur.
Flushes resulting from unknown causes, in which loons left the nest for apparently no
reason, accounted for 13% o f 45 departures. In 4 of 6 cases no disruption from humans
occurred during the time they were off the nest.
In 1988, the nests on all lakes were unprotected from human activity and 56% of the 32
nest departures occurred because o f boating activities. During that year only 2 chicks
hatched on the Lolo National Forest prompting implementation of voluntary closure areas
around nests on Salmon, Mid-Seeley, North Seeley, and Alva. Placid was not involved
because no National Forest land adjoins the lake. In 1989, signs mounted on floating
platforms were placed approximately 91 m (100 yds) from the nest sites. Mid-Seeley also
had a buoyed rope barrier placed at 48 m from the nest because of the high level of
recreational boating in the vicinity of this nest site. Comparison o f data on nest disturbance
for 1988 and 1989 (Table 20) revealed that the total number of nest departures for all
causes was reduced from 32 to 13 (Mann-Whitney; P=O. 1939). This reduction, while not
statistically significant, indicates the effectiveness of the voluntary closures. While number
of natural causes for leaving a nest remained at about the same level for both years, the
number of flushings resulting from human activity (especially approaching boats) was
reduced significantly (Chi Square = 3.534, d f= l, P=0.0604). Anchored or approaching
boats still caused 38.5% o f 13 nest departures, 3 o f these 5 cases occurred before floating
signs were set. Only 2 disturbances occurred after the signs were in place.
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Table 20. A comparison of the number o f times loons were observed leaving a nest due to
natural activities and human disturbances during 1988 (before voluntary
________ closures) and 1989 (after voluntary closures) on the Clearwater-Swan Drainage.
H um an related
N atural activities ■
activity causing an causing an
incubating loon to • incubating loon to
flush from a nest
L ake
leave the nest
Total
North Seelev:
1988
1989
Total
Mid-Seeley:
1988
1989
Total
Alva:
1988
1989
Total
Salmon:
1988
1989
Total
Loon: (Control lake)
1988
1989
Total
Total 1988:
Total 1989:
Combined to ta l:

8
2
10

3
0
3

11
2
13

6
2
8

I
5
6

7
7
14

7
-k
7

5
*
5

12

**
I
I

**
I
I

**
2
2 ,

0
I

2
3

2
4

22
5
27

10
8
18

32
13
45

12

* Failed to initiate a nest.
** Nest failed.
Percent Time Spent off the Nest
The percent of time spent off the nest in 1988 (before voluntary closures) was reduced
to levels comparable to the control lake in 1989 after floating signs limited human activity
(Table 21). Both daily and weekly averages were presented because weekly averages did
not reveal the severity of some of the daily disturbances. I felt that I extreme disturbance
on any particular day is more likely to result in nest loss than a series of minor
disturbances
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Table 21. Percent time off the nest related to the week of incubation for 1988 (before
voluntary closures) and 1989 (after voluntary closures) on the Clearwater-Swan
drainage.___________________________________________________
W eek I
W eek 2
W eek 3
Lake
W eek 4
Yearly # C hicks
average hatched
North Seelev
1988:
Day I
Day 2
Average
1989:
Day I
Day 2
Average
Mid-Seelev:
1988:
Day I
Day 2
Average
1989:
Day I
Day 2
Average

0%
20%
10%

0%
40%
20%

22%
25%
24%

11%
2%
7%

15.3%

I

0%
0%
0%

27%
14%
20%

0%
0%
0%

nf
nf
nf

6.7%

0

16%
57%
37%

5%
73%
39%

nf
nf
nf

nf
nf
nf

38.0%

0

0%
0%
0%

13%
16%
15%

0%
0%
0%

0%
0%
0%

3.8%

I

Salmon:
1988:*
1989:
Day I
Day 2
Average

nf

nf

nf

nf

0%
0%
0%

0%
8%
4%

0%
0%
0%

0%

Alva:
1988:
Day I
Day 2
Average
1989:**

5%
1%
3%
nf

12%
12%
nf

0%
49%
25%
nf

10%
13%
12%
nf

Loon: (control lake)
1988
Day I
Day 2
Average:
1989
Day I
Day 2
Average

-

0%
0%
12%
0%
6%

-

-

0%
0%
-

0%
0%

-

9%
9%
-

9%
9%

-

0

-

0%

1.0%

2

13.0%

0
0

-

-

12%
12%

5.3%

2

3.8%

2

-

0%
0%

*Nest failed in 1988. 1989 data is comparable to other lakes for that year.
** Failed to initiate nest in 1989 but 1988 data is comparable to other lakes for that year.
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occurring throughout the weekend. Typically an "extreme disturbance" results when a
fishing boat anchors near a loon nest and stays in that spot for an extended period of time.
Loons on the control lake (Loon Lake) spent an average of 5.3% o f their time off the nest
in 1988. Loons on Alva lost-their nest after being off the nest 13% while North Seeley
hatched I chick after being off the nest 15% of the time. The North Seeley pair seemed to
be somewhat habituated to humans which may be a contributing factor to a successful
nesting attempt at this level of disturbance.
' Results from 1989 data show that loons on the control lake were off the nest 3.8% of
the time. All successful nests compared favorably to this ,figure. It's important to note that
all these nests were protected by either floating signs, buoyed ropes or both. A disturbance
during the second week on North Seeley kept the bird off the nest 27% o f the observation
period. This occurred before signs were in place. This was the only protected nest which
was lost due to unknown circumstances.
Flushing Distances
Hushing distance was defined as that distance at which a loon leaves its nest due to an
approaching boat. Average flushing distances for the 4 weeks of incubation were 129,
121,91 and 64 m, respectively (Table 22). These data indicate that loons exhibit increased
fidelity to nests as incubation progresses in that flushing distances appear to be
proportional to the amount of investment the loon has in the eggs. Olson and Marshall
(1952) also noted this among nesting loons in Minnesota.
It is difficult to compare my data with those o f Titus and VanDruff (1981) or Smith
(1981) because they compared flushing distances of high and low use recreational areas.
Loon Lake was not useful as a control lake for flushing distances because there was no
boating pressure on this lake and there was no other "low use" lake available in the
Clearwater-Swan drainage. Although Titus and Van Druff (1981) and Smith (1981) did
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Table 22. Average boat distances (meters) at which departure from nests occurred related
to the week of incubation.
W eek I
W eek 2
W eek 3
W eek 4
North Seelev:
1988
1989
Average
Mid Seelev:
1988
1989
Average

144
. 144

117
123
120

-

254
128
191

HO
128
119

nf
114
114

nf

125
nf
125

68
nf
68

83
nf
83

nf

nf

-

Alva:
1988
1989
Average

nf
-

Salmon:
1988
1989
Average

nf
118
118

nf

-

-

Placid:
1988
1989
Average:
Combined average:

-

129

-

46
nf
46

-

-

-

-

-

-

-

-

121

-

~ 91

-

64
64
64

not specifically report flushing distances in relation to week of incubation, Titus (1979)
reported flushing distances which were much shorter than those I calculated. Birds on
heavily used lakes flushed at 41.6 m and birds on his remote lakes flushed at 23.1 m.
Smith (1981) reported that the mean flushing distance on high use lakes within a canoe
system was 8.5 m with a range of 0-55 m. On the low use control lakes the mean flushing
distance was 112.6 m with a range of 7-273 m. The data for the low use lakes compare
more favorably to the flushing distances I found on lakes in the Clearwater-Swan drainage.
Heimberger (1983) indicated that hatching success declined as the number of cottages .
within 150 m increased. While this is a different type of disturbance, it indicates that loons
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are sensitive to various kinds of disturbances at this distance which is comparable to my
flushing distance for the first week o f incubation.
The calculated flushing distances for 1988 were used as a guideline in 1989 for
placement of floating signs around nest sites. Signs were placed at about 91 m (100 yds)
from the nest. Boats tended to stay some distance from the signs so that incubating loons
actually were more than 9 1 m from boats in the area. Signs were initially placed at 91 m to
minimize the impact on recreational fishing and still protect the nest sites. After combining
the data for 1988 and 1989, the average flushing distances were greater than 91 m during
the first 2 weeks o f incubation indicating that the floating signs should have been placed
further from the nest in order to give adequate protection during the first half of the
incubation period. In future years, 5-6 signs will be placed at 137 m (150 yds) since
compliance with the voluntary closures was high and the loons need more distance at the
beginning of the incubation period.
Results of Voluntary Closures on Reproductive Success
The effect of voluntary closures on reproductive success was quantified by calculating
ratios consisting of reproductive parameters compared to the number o f lake years. This
was necessary because not all of the lakes were involved in mitigative efforts the same
year. Nine lakes chosen for this analysis had at least 2 years of both "pre" and "post" data.
Mann-Whitney tests revealed that the number of successful nests increased significantly
(P=0.0576) after the use of the signs. The same was true for the number o f chicks
produced (P=0.0171), and the number of 2-chick broods (P=0.0341). The number of
chicks produced was obviously influenced by the increased number of 2-chick broods. The
number of 1-chick broods remained at the same level before and after the use of signs.
Signs were put into position after the nest was discovered (after the nest attempt was made)
so the "pre" and "post" data for this parameter are not comparable (Table 23).
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Table 23. Summary of various parameters of reproductive success per lake year before and
________ after the use of voluntary closures around nest sites._______________
R eproductive
Before voluntary closures
A fter volu n tary closures
param eter
num ber .
percent
num ber
percent
Lake year

32

# Successful nests

13

42

16

72

# Chicks produced

17

54

25

115

# Nest attempts

20

67

22

100

# I Chick broods

9

30

7

# 2 Chick broods

4

12

9

22

r

30
43

These data demonstrate that recreational activity on nesting, territories during the nesting
season is having a significant negative effect upon the reproductive success of loons on the
study area. The data also demonstrate that the effects of this recreational activity can be
mitigated with management o f the spring fishing/recreational activities by the use of floating
signs surrounding the nest sites. The increase in the number of 2-chick broods is especially
significant since McIntyre (1975) stated that 2-chick broods represent the maximum
breeding potential of common loons. Yonge (1981) demonstrated that the second egg and
chick are expendable. Thus it appears that the floating signs are providing the security
needed to allow the loon to stay on the nest the extra time necessary to bring off the second
chick.
When the 9 lakes involved in the above analysis were categorized into small (< 250 ha)
and large (>250 ha) lakes the number of 2-chick broods significantly increased on small
lakes after the use of voluntary closures (Chi Square = 5.6, df = I, P= 0.0180) (Table 24).
The numbers of I and 2 chick broods were essentially the same before and after the
voluntary closures on large lakes. There were more I -chick broods found on large lakes
which was a tendency also noted by Jung (1987).
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Table 24. Effects of voluntary closures. (VC) on the production Of I and 2 chick broods on
small and large lakes.
I chick broods
2 chick broods
#broods
# broods
# b roods
# broods
Size
before VC
a fte r VC
before VC
after VC
Small lakes
(<250 ha) (n=5)

4

I

0

7

Large Lakes
(>250 ha) (n=3)

5

6

3

2

Since loons are thought to benefit from longer shorelines, especially associated with
higher shoreline development factors. Chi-square tests were run to see if more 2-chick
broods would be associated with longer shorelines (Table 25). The division of lakes
between categories was similar to that in Table 24 since smaller lakes tend to have shorter
shorelines. Salmon Lake, classified as a small lake (242 ha) in Table 24, was placed in the
long shoreline category (15.3 km) for the purposes of Table 25. Nevertheless, production
o f I and 2-chick broods were exactly the same on lakes with longer shorelines before and
after use of voluntary closures. There were no significant differences between lakes with
short and long shorelines and the number o f I -chick broods. However, there were
significantly more 2-chick broods produced on lakes with shorter shorelines after voluntary
closures were in effect (Chi-square = 4.0; d f= l; P= 0.0455).
Table 25. Effects o f voluntary closures (VC) on the production o f I and 2 chick broods on
lakes with shoreline lengths less than 8 km and greater than 8 km.
2 chick broods
I chick broods
. # broods
# broods
# broods
# broods
Shoreline
after VC
a
fte
r
VC
before
VC
before VC
length
< 8 km (n=4)

3

I

0

6

> 8 km (n=4)

6

6

3

3
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These data indicate that mitigative measures such as voluntary closures created by
floating protective signs will benefit smaller lakes more than larger bodies of water. The
effects of human recreational activities on large lakes are more dispersed than on smaller
lakes. As a result, when time, money and/or personnel are limited, smaller lakes with a
breeding pair will benefit more from these management efforts than larger lakes.
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MANAGEMENT RECOMMENDATIONS
Successful common loon management depends upon: I) identification of and protection
of nesting and nursery areas from shoreline development and other factors (Strong, 1987;
Mclntrye, 1983); 2) identification of and protection o f individual nesting loons using
floating signs on lakes where moderate to high levels of human recreational activities occur.
Loon nests in Montana are often located in bass or pike habitat which may experience
significant early spring disturbance associated with fishing activity. Three to 6 signs
should be placed at approximately 137 m (150 yards) in a semicircle around the nest site.
The number o f signs will be determined by location of the nest site. If the signs are placed
too far out, their effectiveness diminishes as people may not see the signs and inadvertently
enter the nesting area. Despite excellent compliance, signs which close off too large of an
area may be ignored, removed or vandalized.
Once the voluntary closures are in place, public education about the signs and their
purpose will greatly improve public compliance. The most effective way to do this is to
have an individual talking to the public at the public access sites as they are putting boats
into the water. A spotting scope set up at the boat ramp which enables people to see the
nesting loon further enhances public knowledge and compliance with the voluntary
closures. Newspaper articles, radio, TV and educational talks given to various sporting
groups are important components in the public education efforts.
The signs are left in the water for 1-2 weeks after hatching to allow the chicks to
become strong enough to leave the protected nursery area. However, signs can be
removed immediately if the adults move the chicks out of the voluntary closure soon after
hatching. It is important to remove the signs within this period of time because if they are
left in place, they will gradually be ignored by the recreating public. This may encourage
noncompliance during the next nesting season.
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SUMMARY
Arrival on territories occurred immediately after ice-out with over 68% o f the loons
arriving on their territories between 14 April - 21 April. Fifty-three percent of nesting
pairs were incubating by 7 May during 1986-90, although a significant difference was
observed between drainages. Most of the nesting pairs in the Clearwater-Swan drainage
were incubating by 7 May while most in the Tobacco-Still water initiated incubation
between 8-20 May.
AU nests initiated between 26 April - 1 May were successful (n=5) while 83% (n=24)
initiated between 26-7 May and 71% (n=21) initiated between 8 May-26 May were
successful. Loons in the Tobacco-Stillwater drainage experienced a lower rate of
reproductive success in terms of the number of territorial, nesting and successfully nesting
pairs. A significant number of pairs in this drainage nested after 8 May. Sixty-eight
percent (n=35) of chicks hatched between 24 May-7 June whUe 97% hatched by 14 June.
The adult loon population in the two drainages between 1986-1991 was 48 birds or
approximately 30% of the population reported for Montana by Skaar (1989). A density of
72.2 hectares of lake surface area per adult loon was determined for the entire study area.
Seventeen pairs exhibited territorial or pair-bonding behaviors. Fourteen pairs were
either observed incubating or nest sites were discovered upon searching the shoreline o f the
territory.
An average of 10 pairs hatched at least I chick and were considered successful pairs.
Combined data revealed that there were 0.30 chicks and 0.26 juveniles fledged per adult
between 1986-1991.
Chick survival between 1986-91 was very high and averaged 91.8 percent. The
survival rates dropped somewhat between 1989-91 corresponding with a simultaneous
increase of bald eagles in both drainages. Bald eagle predation was observed and
suspected in the disappearance of at least 5 chicks four weeks old or less.
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Thirty-eight of 42 nests were located on islands. Sixty-one percent (23 of 38) o f the
loon nests were located on islands in open water, 29% along a transitional swamp
shoreline and 10% within a marsh. Twelve o f 23 nests on islands in open water, 7 o f 11
island nests along the transitional swamp shoreline and 3 of 4 nests within marshes were
successful.
Sixty-three percent (n=40) of the nests lacked aerial cover of any kind.

Twenty-seven

nests were surrounded by some type of vegetation during the nest site selection. Sedges
and grasses surrounded 52% (n=14) while small trees with or without a grass/sedge/forb
understory were adjacent to 37% of nests. Cattails surrounded 3 nests and 12 were found
on bare sites. There were significant differences in vegetation surrounding nest sites
between the two drainages within the study area. Successful nests had a significantly
greater depth of water than unsuccessful nests between the nest edge and 3.0 m out into the
lake.
Twenty-two nests were unsuccessful. Thirteen were lost for unknown reasons. Seven
were flooded by rising water due to either heavy and prolonged precipitation or beaver
activity, I was lost due to wave action and I,to infertility. Thirteen, which were lost to
unknown reasons, were categorized into suspected causes of failure which included human
disturbance, dropping water levels, interactions with bald eagles and those with no
probable or suspected cause. Human disturbance was suspected in 7 of 13 unknown
losses because of the high frequency of recreational activity seen in the area of the nests. It
is probable that predation was actually the cause of the nest failures, but human presence
forced the incubating bird to leave the nest, exposing the eggs to predators, especially
ravens. It is possible that nest failures due to predation could be as high as 64% if known
mammalian predation is combined with losses for unknown reasons.
Combined data revealed that reuse of a physiographic area occurred 94% of the time
indicating high fidelity to a particular nesting area. Nest sites were within 50 m of a
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previously used nest bowl 50% (16 o f 32) o f the time. Loons nesting successfully one
year reused the area within 50 m of the previous successful nest over 60% of the time.
However, loons which experienced successive nest failures reused the area within 50 m of
the unsuccessful nest only 29% of the time.
Disturbance ratios revealed that there were no significant differences between the
Clearwater-Swan and Tobacco-Stillwater drainages with regard to surface area
disturbances. However, the Clearwater-Swan drainage did have a higher average shoreline
disturbance ratio then the Tobacco-Stillwater. Though not statistically significant this

,

difference does agree with field observations that the Clearwater-S wan drainage was more
impacted by human activity then the Tobacco-Stillwater drainage. A rating developed by
Skaar (1990) was used to determine differences between the 2 drainages with regard to
shoreline disturbance, fishing pressure and public access.
A significant negative relationship was shown between the number o f chicks produced
per total nest attempts and the surface area disturbance ratio indicating that human activity
was negatively affecting chick production. A positive relationship was discovered
between the number of fledged juveniles per nest attempt after protective signs were used
and Skaar’s disturbance ratings suggesting that voluntary closures did help to overcome the
disturbance created by recreational activities. Protective signs removed by mid-June should
not affect fledging success. However, it is possible that signs may reduce some mortality
occurring during the first 2 weeks after hatching by limiting the amount of activity
occurring in the nursery areas.
Human related disturbance included boats, shoreline disturbance and human activity
occurring after the loon had flushed from the nest for unknown reasons. These activities
accounted for 59% of the observed flushes from nests and resulted in loons staying off
their nests an average of 24 minutes per flush.
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Natural activities which resulted in loons leaving the nest included territorial activities,
nest building, heat stress or harassment of the nesting loon by insects. These activities
accounted for 40% o f the flushes from nests which lasted an average o f 8 minutes. In
1988 nests on all lakes were unprotected from human activity and only 2 chicks were
hatched on the Lolo National Forest. After voluntary closure areas were placed around the
nests on Salmon, Mid-Seeley, North Seeley and Alva in 1989, the total number of nest
departures for all causes was reduced from 32 to 13. While the number of natural causes
for leaving a nest remained at about the same level for both years, the number of flushes
resulting'from human activity (especially approaching boats) was reduced significantly.
Average flushing distances for the 4 weeks o f incubation were 129,121,91, 64 meters
respectively. These data clearly indicate that loons exhibit increasing fidelity to nest sites as
incubation progresses. The number of successful nests increased significantly after the use
of the signs. The same was true for the number of chicks produced, and the number o f 2chick broods although the number of I -chick broods remained at the same levels before and
after the use of signs. These data demonstrate that recreational activity on nesting territories
during the nesting season was having a significant negative effect upon the reproductive
success of loons on the study area. The data also demonstrated that the effects of this
recreational activity can be mitigated with management of the spring fishing/recreational
activities by the use o f floating signs surrounding the nest sites.
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Figure 6. Floating sign designed in Alaska (Tankersley, 1988) and used to protect nesting
loons in the Clearwater-Swan drainage.
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Figure 7. Floating buoy sign designed by Dr. John Madsen, D.D.S.. and used to protect
nesting loons in the Clearwaler-Swan drainage.
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Human Impacts to Minnesota Wetlands
CAROL A JOHNSTON

ABSTRACT—Minnesota’s 3.6 million ha o f wetlands have been impacted by a variety o f human activities,
including agricultural drainage, urbanization, water control, and nonpoint source pollution. More than half
o f Minnesota's wetlands have been destroyed since the first European settlers arrived, an average loss o f about
35,600 ha/yr. Drainage for agriculture is the major cause o f wetland loss in Minnesota, particularly in southern
Minnesota and the Red River Valley. In addition to impacting wetlands directly, wetland drainage affects
downstream areas by increasing flood flows, and releasing sediment and nutrients. Urban development and
highway construction affect a smaller proportion o f Minnesota’s wetlands, but substantially alter their physical,
chemical, and biological properties. Hydrology has a major influence on the structure and function ofwetlands,
so changes in the frequency, duration, depth, and timing o f wetland flooding can severely impact wetlands.
While wetlands can assimilate low levels o f sediment and nutrient enrichment, excessive inputs can be
detrimental. Peat harvesting is not currently extensive in Minnesota, but could cause substantial impacts.
Cumulative impact, the incremental impact o f an action when added to other past, present, and reasonably
forseeable future actions, is becoming an area o f increasing concern.

Introduction
M innesota has b e e n b lessed with an abundance o f
wetlands. As of the late 1960s, Minnesota’s 3.6 million ha of
wetlands (1 ) constituted about 9 percent of the nation’s
wetlands (2 ) and 28 percent of its peatlands (3). Wetlands
provide Minnesota with many ecological benefits, such as fish
and wildlife habitat, flood peak reduction, zmd water quality
improvement.
Minnesota’s wetlands, however, have been impacted by a
variety of human activities (Table 1). More than half o f the
state’s wetlands have been destroyed since the first European
settlers arrived (1 ), an average loss o f about 35,600 ha/yr
(Figure 1). While the current wetland loss rate is much lower,
it is still substantial: 2,100 ha/yr (4 ). Not included in these
statistics are the thousands of hectares ofwetlands which still
exist, but have been severely degraded.
Im pacts to M innesota’s wetlands are both direct and
indirect, and can affect wetlands individually and cumula
tively. This paper discusses the extent, seventy, and conse
quences of human impacts to wetlands, using examples from
Minnesota and other states. Types o f impacts discussed
include agriculture, urbanization, hydrologic alteration, non
point source pollution, and peat extraction.

Agricultural Drainage
Drainage for agriculture is the major cause of wetland loss
in Minnesota. In 1982, crops were grown on 4.2 million acres
o f wet soils, those for which excess water is the dominant
agricultural limitation (5 ). This exceeds the total area of
wetland loss in the state (about 3-9 million ha), because the
definition o f wet soils includes areas not wet enough to be
considered wetlands. However, the proportion o f wet soils
cropped (47 percent) approximately equals the proportion of

Carol Johnston, a scientist at the Center fo r Water a n d the
Environment in the Natural Resources Research Institute in Duluth,
is presently on leave working as a research ecologist fo r the USEPA
laboratory in Duluth.

wetlands lost since presettlement. The area of wet soil
cropped in 1982 was 12 percent higher than the area cropped
in 1977 ( 6 ) , indicating that agricultural drainage is a
continuing source of wetland loss. An estimated 112,000 km
of public and private drainage ditches span the state, as
compared with 142,400 km o f rivers and streams (4).
Drainage of wetlands for agriculture has resulted in much
higher wetland loss rates in Minnesota’s major cropland areas.
An estimated 99 percent o f the wetland area in southern
Minnesota and the Red River Valley has been lost, primarily
to agricultural drainage (4 ). In contrast, only 11 percent of the
wetlands area in predominantly forested northern Minnesota
has been lost. The “Prairie Pothole” region o f southwest
Minnesota and the Dakotas, which produces half o f the ducks
in the contiguous United States, has been particularly hard hit.
Wetland drainage rates in this region were 55,850 ha/yr
between 1959 and 1966 (7 ). While current drainage rates are
lower, it is estimated that wetland drainage from 1980 to 1990
will eliminate 20,000 o f the 246,000 ha o f marshes and
shallow ponds remaining in the Prairie Pothole region (4).
Partial drainage o f w etlands reduces the depth and
duration o f surface water without completely destroying the
wetland. Partial drainage is a common practice for lowland
pasture improvement, and also results from drainage system
failure and stream channelization. The partial draining of
wetlands alters their plant communities (8), promotes the
invasion of exotic plant species, increases shrub encroach
ment (9), and reduces wetland value to waterfowl and other
wildlife.
Since the purpose of drainage ditches is to accelerate water
removal from wetlands, it is not surprising that wetland
drainage increases downstream flood flows. Larson (1 0 ) used
a hydrologic model to simulate stream flows from two
watersheds in Jackson County, Minnesota, assuming condi
tions ranging from no drainage to complete drainage of all
wetlands in the watersheds. The use of ditches to drain
depressional wetlands significantly increased annual runoff,
storm runoff volume, and peak discharges from the
watersheds. Enlarging and straightening the watersheds’

.........................

Table 2. Primary physical and chemical effects of construction
activities on wetlands (14).

Circulation
-

-

Loss of wetland habitat
Reduction of habitat diversity
Modification of normal seasonal flow patterns
Drastic fluctuation in water levels and flow rates
Reduction in flow volume
Increased downstream flooding

Sediment

Creation of canals in swamps and marshes
- Increase in turbidity
- Increase in sedimentation
- Alteration of bottom topography

Chemical and physical properties
-

Reduction in light penetration
Elevation of temperature
Modification of natural chemical composition
Increased oxygen demand
Addition of chemical pollutants
Build-up of bottom pollutants

vegetation, or by open water. Seepage o f w ater from
impoundments can also alter the hydrology and vegetation of
adjacent wetlands (20,21). Wetlands that have been subjected
to prolonged hydrologic disturbance are susceptible to the
invasion o f exotic and/or undesirable plants when water
levels return to normal (22).
Hydrology is an important determinant o f floodplain forest
ecology, affecting reproduction, species composition, net
primary productivity, litter decom position, and nutrient
cycling. The anthropogenic alteration o f hydrology, therefore,
can have far-reaching effects on the ecology o f floodplain
forests (23,24). Construction of levees, dams, and channel
ized streams throughout Minnesota has greatly altered the
extent and ecology o f the state’s floodplain forests, such as
those along the Mississippi and the Red River. The floodplain
forests of the Minnesota River, however, remain largely intact
(25).
Wetlands within or adjacent to reservoirs are subject to
drastic hydrologic fluctuations. Periodic drawdown o f
flooded areas dessicates and kills submerged and emergent
vegetation, permitting invasion by annual w eeds (2 6 ).
Prolonged inundation can kill emergent vegetation (27),
while frequent or extreme fluctuations in water level create
a broad devegetated zone around the edge of reservoirs.
Fluctuating water levels can also cause nest failure and reduce
hatching success o f waterfowl (28,29).
The discharge o f heated water from power plants has a dual
impact on wetlands. Not only is wetland hydrology altered,
but the prolonged vegetative growth stimulated by elevated
water tem peratures can kill herbaceous plants due to
depletion o f overwinter carbohydrate reserves (30). At the
U.S. Department of Energy’s Savannah River Plant in Georgia,
portions o f a floodplain forest wetland continue to deterio
rate after more than 30 years o f thermal loading (31).

Sedim entation and Nutrient Enrichm ent of
Wetlands
Sedim ent and nutrient inputs to wetlands have been
increased by a variety o f human activities. These discharges
are often intentional, due to the increasing use o f wetlands
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for stormwater retention and waste disposal (32,33). Non
point source pollution inputs to wetlands have increased in
both urban and agricultural areas as land uses have intensi
fied. Sediment from agricultural nonpoint source pollution
accumulated at rates as high as 2.4 cm/yr in a Wisconsin
wetland, resulting in average annual nutrient accumulations
of 2.6 g/m2-yr P and 12.8 g/m2-yr N (34).
While the retention of sediment and nutrients in wetlands
is desirable for keeping pollutants out o f lakes and streams,
it can have undesirable effects on the wetlands themselves.
Suspended sediments can reduce photosynthesis, decrease
oxygen concentrations, impair fish respiration, and interfere
with the feeding and nutrition o f aquatic animals (1 3 ).
Sediment deposited on the wetland surface can kill benthic
organisms, reduce fish food supplies, destroy fish habitat, and
adversely affect fish reproduction by eliminating spawning
areas or smothering eggs and larvae. Excessive siltation can
also stimulate the encroachment of exotic and undesirable
plant species (35).
The discharge o f wastewater to natural wetlands may have
adverse effects, depending on application rates and the
characteristics of the receiving wetland (36). Some nutrient
enrichment studies have shown relatively little wetland
response, primarily in the form o f increased vegetation
growth (3 7 ,3 8 ). If application rates are excessiv e and
prolonged, however, wetland hydrology and vegetation may
be drastically altered (39). If the chemistry o f the effluent is
much different than the chemistry o f the natural wetland (e.g.
adding alkaline effluent to an acid bog), there may be rapid
vegetation changes (40). Altered plant composition may, in
turn, alter aquatic macroinvertebrate and animal populations
higher in the food chain (41). Studies of cypress domes in
Florida, for example, showed a significant increase in the
number and diversity o f bird species in wetlands receiving
wastewater discharge (36).
Wastewater discharge to natural wetlands is fairly common
in Minnesota; the U.S. Environmental Protection Agency
identified 36 Minnesota wetlands receiving wastewater
effluent in 1983, some as much as 1.2 million gallons per day
(48). However, little is known about specific wetland impacts
at these sites.

Peat Harvesting
Although there have been numerous attempts to establish
a Minnesota fuel peat industry, beginning shortly after
statehood (42), little o f the state’s peatland area has been
destroyed since European settlement (Figure 1). Fuel peat
extraction could cause substantial environmental impacts to
Minnesota’s peatlands (4 3 ,4 4 ,4 5 ,4 6 ), but no long-term
studies o f the effects o f peat mining have been conducted
because interest in fuel peat development has largely waned
with declining oil prices. The extraction of horticultural peat,
which is a small but growing industry, should have similar
impacts (i.e. lowering of groundwater, removal o f vegetation
and topsoil, increased airborne particulates). Peatlands are
also impacted by agriculture, partial drainage, and road
construction (9).

Cumulative Impacts to Wetlands
Im pacts that m ay b e individually in significant can a ccu m 
ulate over tim e and sp a ce to cau se significant en v iron m en tal
degradation. Cum ulative im pact, th e in cre m en tal im pact o f
an action w h en added to o th e r past, p resen t and reason ab ly
fo rseeable future actions, is b e c o m in g a su b je ct o f in creasin g
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U.S. Fish & Wildlife Service

IPaC resource list
This report is an automatically generated list of species and other resources such as critical habitat
(collectively referred to as trust resources) under the U.S. Fish and Wildlife Service's (USFWS)
jurisdiction that are known or expected to be on or near the project area referenced below. The list
may also include trust resources that occur outside of the project area, but that could potentially be
directly or indirectly a ected by activities in the project area. However, determining the likelihood
and extent of e ects a project may have on trust resources typically requires gathering additional
site-speci c (e.g., vegetation/species surveys) and project-speci c (e.g., magnitude and timing of
proposed activities) information.
Below is a summary of the project information you provided and contact information for the USFWS
o ce(s) with jurisdiction in the de ned project area. Please read the introduction to each section
that follows (Endangered Species, Migratory Birds, USFWS Facilities, and NWI Wetlands) for
additional information applicable to the trust resources addressed in that section.

Project information
NAME

Reiling parcels proposed development at Lake Owasso's South end
LOCATION

Ramsey County, Minnesota

DESCRIPTION

Some(Proposed project involves splitting three parcels into 8, building 5 lakeside $1.35 million
homes plus 3 homes West of Victoria Ave with a shared easement on the lake.)

Local o ce
Minnesota-Wisconsin Ecological Services Field O ce
 (952) 252-0092

 (952) 646-2873
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MAILING ADDRESS

4101 American Blvd E
Bloomington, MN 55425-1665
PHYSICAL ADDRESS

4101 American Blvd E
-}
Bloomington, MN 55425-1665
http://www.fws.gov/midwest/Endangered/section7/s7process/step1.html
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Endangered species
This resource list is for informational purposes only and does not constitute an analysis of
project level impacts.
The primary information used to generate this list is the known or expected range of each species.
Additional areas of in uence (AOI) for species are also considered. An AOI includes areas outside of
the species range if the species could be indirectly a ected by activities in that area (e.g., placing a
dam upstream of a sh population even if that sh does not occur at the dam site, may indirectly
impact the species by reducing or eliminating water ow downstream). Because species can move,
and site conditions can change, the species on this list are not guaranteed to be found on or near
the project area. To fully determine any potential e ects to species, additional site-speci c and
project-speci c information is often required.
Section 7 of the Endangered Species Act requires Federal agencies to "request of the Secretary
information whether any species which is listed or proposed to be listed may be present in the area
of such proposed action" for any project that is conducted, permitted, funded, or licensed by any
Federal agency. A letter from the local o ce and a species list which ful lls this requirement can
only be obtained by requesting an o cial species list from either the Regulatory Review section in
IPaC (see directions below) or from the local eld o ce directly.
For project evaluations that require USFWS concurrence/review, please return to the IPaC website
and request an o cial species list by doing the following:
1. Log in to IPaC.
2. Go to your My Projects list.
3. Click PROJECT HOME for this project.
4. Click REQUEST SPECIES LIST.
Listed species1 and their critical habitats are managed by the Ecological Services Program of the U.S.
Fish and Wildlife Service (USFWS) and the sheries division of the National Oceanic and Atmospheric
Administration (NOAA Fisheries2).
Species and critical habitats under the sole responsibility of NOAA Fisheries are not shown on this
list. Please contact NOAA Fisheries for species under their jurisdiction.
1. Species listed under the Endangered Species Act are threatened or endangered; IPaC also shows
species that are candidates, or proposed, for listing. See the listing status page for more
information. IPaC only shows species that are regulated by USFWS (see FAQ).
2. NOAA Fisheries, also known as the National Marine Fisheries Service (NMFS), is an o ce of the
National Oceanic and Atmospheric Administration within the Department of Commerce.
The following species are potentially a ected by activities in this location:

Mammals
NAME

STATUS

Northern Long-eared Bat Myotis septentrionalis
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Threatened

Wherever found
No critical habitat has been designated for this species.
https://ecos.fws.gov/ecp/species/9045

Insects
NAME

STATUS

Rusty Patched Bumble Bee Bombus a nis

Endangered

Wherever found
No critical habitat has been designated for this species.
https://ecos.fws.gov/ecp/species/9383

Critical habitats
Potential e ects to critical habitat(s) in this location must be analyzed along with the endangered
species themselves.
THERE ARE NO CRITICAL HABITATS AT THIS LOCATION.

Migratory birds
Certain birds are protected under the Migratory Bird Treaty Act1 and the Bald and Golden Eagle
Protection Act2.
Any person or organization who plans or conducts activities that may result in impacts to migratory
birds, eagles, and their habitats should follow appropriate regulations and consider implementing
appropriate conservation measures, as described below.
1. The Migratory Birds Treaty Act of 1918.
2. The Bald and Golden Eagle Protection Act of 1940.
Additional information can be found using the following links:
Birds of Conservation Concern http://www.fws.gov/birds/management/managed-species/
birds-of-conservation-concern.php
Measures for avoiding and minimizing impacts to birds
http://www.fws.gov/birds/management/project-assessment-tools-and-guidance/
conservation-measures.php
Nationwide conservation measures for birds
http://www.fws.gov/migratorybirds/pdf/management/nationwidestandardconservationmeasures.pdf

The birds listed below are birds of particular concern either because they occur on the USFWS Birds
of Conservation Concern (BCC) list or warrant special attention in your project location. To learn
more about the levels of concern for birds on your list and how this list is generated, see the FAQ
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below. This is not a list of every bird you may nd in this location, nor a guarantee that every bird on
this list will be found in your project area. To see exact locations of where birders and the general
public have sighted birds in and around your project area, visit the E-bird data mapping tool (Tip:
enter your location, desired date range and a species on your list). For projects that occur o the
Atlantic Coast, additional maps and models detailing the relative occurrence and abundance of bird
species on your list are available. Links to additional information about Atlantic Coast birds, and
other important information about your migratory bird list, including how to properly interpret and
use your migratory bird report, can be found below.
For guidance on when to schedule activities or implement avoidance and minimization measures to
reduce impacts to migratory birds on your list, click on the PROBABILITY OF PRESENCE SUMMARY at
the top of your list to see when these birds are most likely to be present and breeding in your
project area.
NAME

BREEDING SEASON (IF A
BREEDING SEASON IS INDICATED
FOR A BIRD ON YOUR LIST, THE
BIRD MAY BREED IN YOUR
PROJECT AREA SOMETIME WITHIN
THE TIMEFRAME SPECIFIED,
WHICH IS A VERY LIBERAL
ESTIMATE OF THE DATES INSIDE
WHICH THE BIRD BREEDS ACROSS
ITS ENTIRE RANGE. "BREEDS
ELSEWHERE" INDICATES THAT
THE BIRD DOES NOT LIKELY
BREED IN YOUR PROJECT AREA.)

American Bittern Botaurus lentiginosus

Breeds Apr 1 to Aug 31

This is a Bird of Conservation Concern (BCC) only in particular Bird
Conservation Regions (BCRs) in the continental USA
https://ecos.fws.gov/ecp/species/6582

Bald Eagle Haliaeetus leucocephalus

Breeds Dec 1 to Aug 31

This is not a Bird of Conservation Concern (BCC) in this area, but
warrants attention because of the Eagle Act or for potential
susceptibilities in o shore areas from certain types of development
or activities.
https://ecos.fws.gov/ecp/species/1626

Golden-winged Warbler Vermivora chrysoptera

Breeds May 1 to Jul 20

This is a Bird of Conservation Concern (BCC) throughout its range in
the continental USA and Alaska.
https://ecos.fws.gov/ecp/species/8745

Least Bittern Ixobrychus exilis
This is a Bird of Conservation Concern (BCC) only in particular Bird
Conservation Regions (BCRs) in the continental USA
https://ecos.fws.gov/ecp/species/6175

Breeds Aug 16 to Oct 31

Red-headed Woodpecker Melanerpes erythrocephalus
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Breeds May 10 to Sep 10

This is a Bird of Conservation Concern (BCC) throughout its range in
the continental USA and Alaska.

Rusty Blackbird Euphagus carolinus

Breeds elsewhere

This is a Bird of Conservation Concern (BCC) throughout its range in
the continental USA and Alaska.

Semipalmated Sandpiper Calidris pusilla

Breeds elsewhere

This is a Bird of Conservation Concern (BCC) throughout its range in
the continental USA and Alaska.

Willow Flycatcher Empidonax traillii

Breeds May 20 to Aug 31

This is a Bird of Conservation Concern (BCC) only in particular Bird
Conservation Regions (BCRs) in the continental USA
https://ecos.fws.gov/ecp/species/3482

Wood Thrush Hylocichla mustelina

Breeds May 10 to Aug 31

This is a Bird of Conservation Concern (BCC) throughout its range in
the continental USA and Alaska.

Probability of Presence Summary
The graphs below provide our best understanding of when birds of concern are most likely to be
present in your project area. This information can be used to tailor and schedule your project
activities to avoid or minimize impacts to birds. Please make sure you read and understand the FAQ
"Proper Interpretation and Use of Your Migratory Bird Report" before using or attempting to
interpret this report.
Probability of Presence ( )
Each green bar represents the bird's relative probability of presence in the 10km grid cell(s) your
project overlaps during a particular week of the year. (A year is represented as 12 4-week months.) A
taller bar indicates a higher probability of species presence. The survey e ort (see below) can be
used to establish a level of con dence in the presence score. One can have higher con dence in the
presence score if the corresponding survey e ort is also high.
How is the probability of presence score calculated? The calculation is done in three steps:
1. The probability of presence for each week is calculated as the number of survey events in the
week where the species was detected divided by the total number of survey events for that
week. For example, if in week 12 there were 20 survey events and the Spotted Towhee was
found in 5 of them, the probability of presence of the Spotted Towhee in week 12 is 0.25.
2. To properly present the pattern of presence across the year, the relative probability of presence
is calculated. This is the probability of presence divided by the maximum probability of presence
across all weeks. For example, imagine the probability of presence in week 20 for the Spotted
Towhee is 0.05, and that the probability of presence at week 12 (0.25) is the maximum of any
week of the year. The relative probability of presence on week 12 is 0.25/0.25 = 1; at week 20 it is
0.05/0.25 = 0.2.
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3. The relative probability of presence calculated in the previous step undergoes a statistical
conversion so that all possible values fall between 0 and 10, inclusive. This is the probability of
presence score.
To see a bar's probability of presence score, simply hover your mouse cursor over the bar.
Breeding Season ( )
Yellow bars denote a very liberal estimate of the time-frame inside which the bird breeds across its
entire range. If there are no yellow bars shown for a bird, it does not breed in your project area.
Survey E ort ( )
Vertical black lines superimposed on probability of presence bars indicate the number of surveys
performed for that species in the 10km grid cell(s) your project area overlaps. The number of
surveys is expressed as a range, for example, 33 to 64 surveys.
To see a bar's survey e ort range, simply hover your mouse cursor over the bar.
No Data ( )
A week is marked as having no data if there were no survey events for that week.
Survey Timeframe
Surveys from only the last 10 years are used in order to ensure delivery of currently relevant
information. The exception to this is areas o the Atlantic coast, where bird returns are based on all
years of available data, since data in these areas is currently much more sparse.
probability of presence
SPECIES

American Bittern
BCC - BCR (This is a
Bird of
Conservation
Concern (BCC) only
in particular Bird
Conservation
Regions (BCRs) in
the continental
USA)
Bald Eagle
Non-BCC
Vulnerable (This is
not a Bird of
Conservation
Concern (BCC) in
this area, but
warrants attention
because of the
Eagle Act or for
potential
susceptibilities in
o shore areas
from certain types
of development or
activities.)

JAN

FEB

MAR

APR

MAY

JUN

breeding season
JUL

AUG

SEP

survey e ort
OCT

NOV

no data
DEC

Golden-winged
Warbler
BCC Rangewide
(CON) (This is a
Bird of
Conservation
Concern (BCC)
throughout its
range in the
continental USA
and Alaska.)
Least Bittern
BCC - BCR (This is a
Bird of
Conservation
Concern (BCC) only
in particular Bird
Conservation
Regions (BCRs) in
the continental
USA)
Red-headed
Woodpecker
BCC Rangewide
(CON) (This is a
Bird of
Conservation
Concern (BCC)
throughout its
range in the
continental USA
and Alaska.)
Rusty Blackbird
BCC Rangewide
(CON) (This is a
Bird of
Conservation
Concern (BCC)
throughout its
range in the
continental USA
and Alaska.)
Semipalmated
Sandpiper
BCC Rangewide
(CON) (This is a
Bird of
Conservation
Concern (BCC)
throughout its
range in the
continental USA
and Alaska.)
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Willow Flycatcher
BCC - BCR (This is a
Bird of
Conservation
Concern (BCC) only
in particular Bird
Conservation
Regions (BCRs) in
the continental
USA)
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Wood Thrush
BCC Rangewide
(CON) (This is a
Bird of
Conservation
Concern (BCC)
throughout its
range in the
continental USA
and Alaska.)

Tell me more about conservation measures I can implement to avoid or minimize impacts to migratory birds.
Nationwide Conservation Measures describes measures that can help avoid and minimize impacts to all birds at
any location year round. Implementation of these measures is particularly important when birds are most likely to
occur in the project area. When birds may be breeding in the area, identifying the locations of any active nests and
avoiding their destruction is a very helpful impact minimization measure. To see when birds are most likely to occur
and be breeding in your project area, view the Probability of Presence Summary. Additional measures or permits
may be advisable depending on the type of activity you are conducting and the type of infrastructure or bird
species present on your project site.
What does IPaC use to generate the migratory birds potentially occurring in my speci ed location?
The Migratory Bird Resource List is comprised of USFWS Birds of Conservation Concern (BCC) and other species
that may warrant special attention in your project location.
The migratory bird list generated for your project is derived from data provided by the Avian Knowledge Network
(AKN). The AKN data is based on a growing collection of survey, banding, and citizen science datasets and is queried
and ltered to return a list of those birds reported as occurring in the 10km grid cell(s) which your project
intersects, and that have been identi ed as warranting special attention because they are a BCC species in that
area, an eagle (Eagle Act requirements may apply), or a species that has a particular vulnerability to o shore
activities or development.
Again, the Migratory Bird Resource list includes only a subset of birds that may occur in your project area. It is not
representative of all birds that may occur in your project area. To get a list of all birds potentially present in your
project area, please visit the AKN Phenology Tool.
What does IPaC use to generate the probability of presence graphs for the migratory birds potentially occurring
in my speci ed location?
The probability of presence graphs associated with your migratory bird list are based on data provided by the Avian
Knowledge Network (AKN). This data is derived from a growing collection of survey, banding, and citizen science
datasets .
Probability of presence data is continuously being updated as new and better information becomes available. To
learn more about how the probability of presence graphs are produced and how to interpret them, go the
Probability of Presence Summary and then click on the "Tell me about these graphs" link.
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How do I know if a bird is breeding, wintering, migrating or present year-round in my project area?

To see what part of a particular bird's range your project area falls within (i.e. breeding, wintering, migrating or
year-round), you may refer to the following resources: The Cornell Lab of Ornithology All About Birds Bird Guide, or
(if you are unsuccessful in locating the bird of interest there), the Cornell Lab of Ornithology Neotropical Birds
guide. If a bird on your migratory bird species list has a breeding season associated with it, if that bird does occur in
your project area, there may be nests present at some point within the timeframe speci ed. If "Breeds elsewhere"
is indicated, then the bird likely does not breed in your project area.
What are the levels of concern for migratory birds?
Migratory birds delivered through IPaC fall into the following distinct categories of concern:
1. "BCC Rangewide" birds are Birds of Conservation Concern (BCC) that are of concern throughout their range
anywhere within the USA (including Hawaii, the Paci c Islands, Puerto Rico, and the Virgin Islands);
2. "BCC - BCR" birds are BCCs that are of concern only in particular Bird Conservation Regions (BCRs) in the
continental USA; and
3. "Non-BCC - Vulnerable" birds are not BCC species in your project area, but appear on your list either because of
the Eagle Act requirements (for eagles) or (for non-eagles) potential susceptibilities in o shore areas from
certain types of development or activities (e.g. o shore energy development or longline shing).
Although it is important to try to avoid and minimize impacts to all birds, e orts should be made, in particular, to
avoid and minimize impacts to the birds on this list, especially eagles and BCC species of rangewide concern. For
more information on conservation measures you can implement to help avoid and minimize migratory bird
impacts and requirements for eagles, please see the FAQs for these topics.
Details about birds that are potentially a ected by o shore projects
For additional details about the relative occurrence and abundance of both individual bird species and groups of
bird species within your project area o the Atlantic Coast, please visit the Northeast Ocean Data Portal. The Portal
also o ers data and information about other taxa besides birds that may be helpful to you in your project review.
Alternately, you may download the bird model results les underlying the portal maps through the NOAA NCCOS
Integrative Statistical Modeling and Predictive Mapping of Marine Bird Distributions and Abundance on the Atlantic
Outer Continental Shelf project webpage.
Bird tracking data can also provide additional details about occurrence and habitat use throughout the year,
including migration. Models relying on survey data may not include this information. For additional information on
marine bird tracking data, see the Diving Bird Study and the nanotag studies or contact Caleb Spiegel or Pam
Loring.
What if I have eagles on my list?
If your project has the potential to disturb or kill eagles, you may need to obtain a permit to avoid violating the
Eagle Act should such impacts occur.
Proper Interpretation and Use of Your Migratory Bird Report
The migratory bird list generated is not a list of all birds in your project area, only a subset of birds of priority
concern. To learn more about how your list is generated, and see options for identifying what other birds may be in
your project area, please see the FAQ "What does IPaC use to generate the migratory birds potentially occurring in
my speci ed location". Please be aware this report provides the "probability of presence" of birds within the 10 km
grid cell(s) that overlap your project; not your exact project footprint. On the graphs provided, please also look
carefully at the survey e ort (indicated by the black vertical bar) and for the existence of the "no data" indicator (a
red horizontal bar). A high survey e ort is the key component. If the survey e ort is high, then the probability of
presence score can be viewed as more dependable. In contrast, a low survey e ort bar or no data bar means a lack
of data and, therefore, a lack of certainty about presence of the species. This list is not perfect; it is simply a starting
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point for identifying what birds of concern have the potential to be in your project area, when they might be there,
and if they might be breeding (which means nests might be present). The list helps you know what to look for to
con rm presence, and helps guide you in knowing when to implement conservation measures to avoid or minimize
potential impacts from your project activities, should presence be con rmed. To learn more about conservation
measures, visit the FAQ "Tell me about conservation measures I can implement to avoid or minimize impacts to
migratory birds" at the bottom of your migratory bird trust resources page.

Facilities
National Wildlife Refuge lands
Any activity proposed on lands managed by the National Wildlife Refuge system must undergo a
'Compatibility Determination' conducted by the Refuge. Please contact the individual Refuges to
discuss any questions or concerns.
THERE ARE NO REFUGE LANDS AT THIS LOCATION.

Fish hatcheries
THERE ARE NO FISH HATCHERIES AT THIS LOCATION.

Wetlands in the National Wetlands Inventory
Impacts to NWI wetlands and other aquatic habitats may be subject to regulation under Section 404
of the Clean Water Act, or other State/Federal statutes.
For more information please contact the Regulatory Program of the local U.S. Army Corps of
Engineers District.
Please note that the NWI data being shown may be out of date. We are currently working to update
our NWI data set. We recommend you verify these results with a site visit to determine the actual
extent of wetlands on site.
This location overlaps the following wetlands:
FRESHWATER EMERGENT WETLAND

PEM1C
LAKE

L2ABH
A full description for each wetland code can be found at the National Wetlands Inventory website

Data limitations
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The Service's objective of mapping wetlands and deepwater habitats is to produce reconnaissance level
information on the location, type and size of these resources. The maps are prepared from the analysis of high
altitude imagery. Wetlands are identi ed based on vegetation, visible hydrology and geography. A margin of error
is inherent in the use of imagery; thus, detailed on-the-ground inspection of any particular site may result in
revision of the wetland boundaries or classi cation established through image analysis.
The accuracy of image interpretation depends on the quality of the imagery, the experience of the image analysts,
the amount and quality of the collateral data and the amount of ground truth veri cation work conducted.
Metadata should be consulted to determine the date of the source imagery used and any mapping problems.
Wetlands or other mapped features may have changed since the date of the imagery or eld work. There may be
occasional di erences in polygon boundaries or classi cations between the information depicted on the map and
the actual conditions on site.
Data exclusions
Certain wetland habitats are excluded from the National mapping program because of the limitations of aerial
imagery as the primary data source used to detect wetlands. These habitats include seagrasses or submerged
aquatic vegetation that are found in the intertidal and subtidal zones of estuaries and nearshore coastal waters.
Some deepwater reef communities (coral or tuber cid worm reefs) have also been excluded from the inventory.
These habitats, because of their depth, go undetected by aerial imagery.
Data precautions
Federal, state, and local regulatory agencies with jurisdiction over wetlands may de ne and describe wetlands in a
di erent manner than that used in this inventory. There is no attempt, in either the design or products of this
inventory, to de ne the limits of proprietary jurisdiction of any Federal, state, or local government or to establish
the geographical scope of the regulatory programs of government agencies. Persons intending to engage in
activities involving modi cations within or adjacent to wetland areas should seek the advice of appropriate federal,
state, or local agencies concerning speci ed agency regulatory programs and proprietary jurisdictions that may
a ect such activities.
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Abstract
Cross TK, Jacobson PC. 2013. Landscape factors influencing lake phosphorus concentrations across Minnesota.
Lake Reserv Manage. 29:1–12.
Total phosphorus (TP) concentrations are known to be a significant factor influencing fish populations in Minnesota
lakes. Consequently, a primary focus of the Minnesota Department of Natural Resources to address fish habitat in
lakes across the state has been to determine relationships between TP concentrations and watershed conditions in
Minnesota lakes. Because phosphorus concentrations in Minnesota lakes vary widely corresponding to differences
in geomorphology, nutrient criteria were established by the Minnesota Pollution Control Agency for specific ecoregions. To refine these relationships in Minnesota lakes managed for fishing, we gathered mean summer epilimnetic
TP concentrations on 1330 natural lakes to identify where agricultural and urban development have elevated phosphorus levels. Random forest, regression tree, and generalized additive models were used to model spatial variation
in lake phosphorus concentrations across Minnesota. Key landscape variables known to influence TP concentrations
in lakes, including lake depth and watershed size, were used as explanatory variables in these models, along with
agricultural and urban development quantified for lake watersheds from the National Land Cover Dataset. These
models explained up to 60% of the variation in TP in lakes across the state and showed a critical benchmark of
anthropogenic land use disturbance at 40%, that once exceeded could significantly alter TP levels and consequently
fish populations. This information should be useful for fish managers to prioritize conservation efforts and to set
appropriate fish population goals.
Key words: lakes, land use, Minnesota, phosphorus, threshold, landscape

Identifying how lakes are impacted by human activities is
critical for resource agencies responsible for protecting and
enhancing aquatic habitats. Aquatic habitat in lakes is highly
influenced by phosphorus and significantly affects the composition of fish communities. Coldwater fish communities
are especially vulnerable to eutrophication from increased
phosphorus concentrations. Hypolimnetic oxygen concentrations decline as lake productivity increases (Nürnberg
1995). Decreases in hypolimnetic oxygen concentrations
have direct negative effects on fish that physiologically require oxygenated cold water to survive, grow, and reproduce.
Cultural eutrophication has caused declines in many European and North American coldwater fish populations (Hasler
1947, Tammi et al. 1999). Latta (1995) reported that cisco
(Coregonus artedii) have been extirpated in at least 14% of
Michigan lakes, primarily from eutrophication. Also, fish
populations in lakes are highly influenced by plant cover,
∗
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which is largely determined by water quality and trophic
status (Hoyer and Canfield 1996, Crosbie and Chow-Fraser
1999, Cross and McInerny 2005). Direct manipulations of
plant communities in lakes are difficult to accomplish compared to managing the riparian and watershed influences
affecting plant communities (Crowder et al. 1996). Consequently, efforts aimed at managing fish populations need
to account for phosphorus levels as an important factor in
formulating strategies for protecting and restoring fish habitat. Protection is viewed as the most cost effective strategy
when applied to watersheds where human activities have not
already significantly elevated phosphorus levels; otherwise,
watershed restoration may be required at levels dictated by
anthropogenic landscape disturbances.
Minnesota is fortunat to have many natural lakes with
desirable water quality that are important to lake users
(Krysel et al. 2003). These lakes deliver important ecosystem services such as fishing, boating, and swimming, as well
as providing high quality habitats for diverse and important
1
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plant and animal communities. These ecosystem services are
an important part of the state’s economy. For example, in
2001 anglers spent $1.3 billion on fishing-related expenses
in Minnesota (USFWS 2002). Continued delivery of these
highly valued ecosystem services requires identification of
processes such as land use practices that threaten the water
quality that forms the basis of those services.
General patterns of phosphorus levels in Minnesota lakes
have been described by Moyle (1956), Heiskary et al.
(1987), and Omernik et al. (1988), and other studies have
shown increases in phosphorus concentrations associated
with human land use activities. Urbanization and agriculture are the 2 most important contributors to water quality
degradation in north temperate lakes (Carpenter et al. 1998,
Drake and Pereira 2002). Nonpoint sources contribute 84%
of the phosphorus discharged into United States surface
waters (Carpenter et al. 1998) and 69% in Minnesota (Barr
Engineering 2004). Cultural eutrophication in Minnesota
lakes has occurred primarily in the Eastern Temperate
Forests and Great Plains ecoregions and not in the Northern
Forest ecoregion (Ramstack et al. 2004). Conversion of
prairie and hardwood forests to agriculture after European
settlement corresponded with large increases in lake phosphorus levels between 1800 and 1970 according to fossil
diatom evidence in lake sediment cores (Umbanhowar et al.
2003, Ramstack et al. 2004). Urbanization, especially in
the Minneapolis–St. Paul metropolitan area, also increased
phosphorus concentrations in Eastern Temperate Forest
ecoregion lakes after European settlement. While Brezonik
(2002) found evidence that shoreline development may be
affecting water quality in Minnesota lakes, Johnston and
Shmagin (2006) found it mostly restricted to shallow lakes
in highly urbanized areas.
Modeling the effects of land use on the delivery of phosphorus to a lake has been the focus of research for a number
of years (Reckhow and Simpson 1980, Soranno et al. 1996,
Alexander et al. 2004). For individual lakes, the export coefficient model of Reckhow and Simpson (1980) has become
a standard method for predicting phosphorus loading from
watershed land use information (Endreny and Wood 2003)
and has been successfully used by the Minnesota Pollution
Control Agency (Heiskary and Wilson 2005). Even so, there
is little information at larger statewide scales assessing the
impact of human land use disturbances on lake nutrient levels. Empirical models incorporating watershed land use at
a regional or statewide scale, such as those developed by
Jones et al. (2008) for midcontinent reservoirs and by Soranno et al. (2008) for Michigan lakes, appear promising;
however, data and model constraints limit the direct transferability of these models to lakes in other areas. More recently, Catherine et al. (2010) related land use and catchment
characteristics to the eutrophication status of French lakes
2
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using novel modeling techniques, including generalized additive models (GAM) and random forest (RF) that capture
nonlinear relationships and interactions among predictors.
Nonlinear modeling techniques are particularly useful for
identifying threshold response levels common in ecological
systems such as lake ecosystems. The objective of this study
was to develop empirical spatial models at statewide and regional scales that identify effects of land use disturbance on
total phosphorus in fishing lakes managed in Minnesota.

Methods
To identify land use disturbance impacts on lake phosphorus levels we assembled data on Minnesota Department of
Natural Resources (MNDNR)-managed fishing lakes that
had available mean summer total phosphorus (TP) data; TP
is considered the best measurement for quantifying phosphorus in lakes, and it strongly relates to lake trophic status
and algal biomass (Clark et al. 2010). We then characterized
effects of land use disturbance on TP levels using empirical
models derived using RF, classification and regression tree
analysis (RTA), GAM, and linear modeling (LM). Lake and
watershed factors used in previous empirical models at various scales were employed as covariates along with variables
describing anthropogenic land use disturbance to predict TP
levels in Minnesota lakes managed for fishing. Empirical
approaches are particularly suited for broad spatial scale
studies that seek information for directing management effort from a statewide or regional perspective.

Study lakes and watershed attributes
We obtained data for 1330 lakes widely distributed across
Minnesota that represent a broad range of physiographic
regions (Fig. 1). All study lakes have a surface area ≥40
ha, at least one MNDNR fish population survey, and watersheds located completely within the Minnesota border.
Lake surface area and maximum lake depths (zmax ) were
obtained from the MNDNR fish survey database and are
based on MNDNR bathymetric surveys verified and updated with aerial imagery (MNDNR 2011). We used geographic lake center points (Fig. 1) to assign ecoregion and
physiographic schemes (Table 1) to the study lakes. Much
of the influence of climate, land cover, and geomorphology are characterized by the Ecological Land Classification
(ECS) system (http://www.dnr.state.mn.us/ecs/index.html).
According to Cleland et al. (1997) the landscape scale (ECS
landform units) characterizes much of the influence terrestrial processes would have on aquatic systems. The Omernik
Environmental Protection Agency (EPA) ecoregion classification is very similar; however, these ecoregional units are
delineated with more consideration of land cover based on
contemporary land use (Omernik 1987, 2004) instead of on
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Landscape factors affecting lake phosphorus levels

Figure 1.-Distribution of 1330 study lakes across Minnesota shown
with 3 major EPA level I ecoregions represented in Minnesota
(Omernik 1987; Northern Forests, Eastern Temperate Forests, and
Great Plains). The inset shows the U.S. distribution of the same 3
ecoregions (cross-hatched areas denote other ecoregions).

native plant communities weighted more heavily with the
ECS system. We also analyzed soil landscape units identified by Cummins and Grigal (1981), which are based on
Minnesota geologic history and soil characterizations.
Watersheds were delineated using GIS to derive hydrologically corrected digital elevation models and flow networks
guided by field input to verify accuracy and processing errors
(http://www.dnr.state.mn.us/watersheds/lakeshed project.
html). Hydrologic units nested in a multilevel, hierarchical
drainage system define lake watersheds and fold into the
national standards defining the watershed boundary dataset
(MNDNR 2011). Because significant contributing sources
of TP can occur outside the direct contributing catchments
(Heathwaite 2010), we used lake watersheds defined as the
sum of all hydrologic units contributing directly to that lake
or upstream.

Anthropogenic land use disturbances and other key watershed factors (in addition to physiographic region) identified
by published studies as affecting lake TP levels were
summarized by lake watershed. First, we calculated the
ratio of watershed area to lake surface area (W:L), a variable
that reflects the amount of runoff and flushing affecting each
lake. Soils with parent material formed by glacial outwash
are usually well drained. We used maps developed by Cummins and Grigal (1981) and digitized by MNDNR (2011) to
identify areas with glacial outwash, which we summarized
as a percent of the total watershed for each lake. We
summarized land use categories assigned by the National
Land Cover Database (Homer et al. 2004) as a percent of the
total watershed area for each lake. This was a logical choice
because the database is well studied and widely available
and because the time frame was a good match for our TP
data. NLCD classes 21, 22, 23, and 24 were used to represent development; 31 to represent mining; 41, 42, 43, and 52
to represent forest, and 82 to represent cropped agriculture.
Anthropogenically disturbed land use was calculated as
the sum of developed, mining, and cultivated agriculture
land use. Finally, we assigned each lake watershed US
Geological Survey (USGS) SPARROW estimates (Smith
et al. 1997) of TP yield (kg/km2/y) from animal production
derived for hydrologic unit code (HUC) level 8 units.
Total phosphorus
We assembled data on mean summer TP (ppb) in the epilimnion collected from 1993 to 2005 for Minnesota lakes. For
most lakes we retrieved data from the EPA STORET, which
was most often collected by the Minnesota Pollution Control Agency. These data were supplemented with TP data
from samples collected during MNDNR lake surveys with
chemical analyses performed by the Minnesota Department
of Agriculture Laboratory using standard methods. Potential
outliers were identified by manually examining extreme values. In addition, a parameter that measured the relative influence of each observation on a lake mean was calculated using
|xi − x| /x/n, where xi is the individual observation, x is the

Table 1.-Akaike information criteria (AIC), Bayesian information criteria (BIC), and adjusted R2 for 7 individual one-way analysis of
variance models predicting log10 mean summer TP (ppb) in 1330 Minnesota study lakes using different regionalization schemes as a
categorical predictor variable. EPA ecoregions are described by Omernik (1987), Ecological Classification System (ECS) is described by
Cleland et al. (1997), and soil landforms by Cummins and Grigal (1981).

Ecoregion Type
EPA level II
EPA level III
EPA level IV
ECS Province
ECS Section
ECS Subsection
Soil Landforms

Number

Adjusted R2

AIC

BIC

3
6
24
3
8
19
11

0.38
0.39
0.47
0.32
0.33
0.41
0.38

673.4
666.7
483.1
808.4
786.5
617.4
690.6

694.2
702.9
611.9
829.1
833.1
725.8
752.7
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lake mean, and n is the number of samples for the lake. Observations with large relative influences were manually examined, and obvious errors were omitted from the analysis.

Data analysis
Our initial analysis involved calculating summary statistics and examining histograms to assess the distribution of
the dependent variable (TP) and various predictor variables.
Consequently, for all subsequent analysis we used log10
transformation of TP. Prior to correlation analysis and linear modeling we used arcsine transformations on land cover
proportions and log10 transformations on zmax and W:L to
improve normality. A matrix of Pearson’s correlation coefficients was calculated to reveal relationships of predictors
with TP and among each other.
Statewide empirical modeling
We developed predictive models of TP using zmax , W:L,
proportion of watershed with disturbed land use, proportion
with outwash soils, and EPA Omernik level I ecoregions as
predictor variables. These predictor variables were selected
based on Soranno et al. (2008) and by availability of data
for Minnesota lakes. The predictor variables were relatively
independent of each other except for a weak inverse correlation between land use disturbance and zmax and a stronger
inverse correlation between land use disturbance and forest cover, a key descriptor variable relating to differences
among Omernik ecoregions. We employed both RF and
GAM procedures at the statewide scale because they excel in
predictive accuracy and are sufficiently robust for analyzing
multimodal and nonlinear relationships expected as a consequence of the high landscape diversity and agricultural and
urban nutrient sources (Brieman 2001, Olden et al. 2008, and
Catherine et al. 2010). Nonlinear modeling techniques were
also desirable because we were specifically interested in the
premise that specific thresholds of human disturbance exist
that when exceeded lead to a rapid acceleration of TP levels.
An inflection point in a curvilinear gradient between disturbance and TP provides the most obvious solution to identifying a possible threshold. To identify possible threshold levels
of disturbance we plotted the specific response of land use
disturbances on TP after accounting for the other predictors.
Both RF and GAM were implemented in R (R Development
Core Team 2011) on the same statewide dataset. The GAM
procedure fits the dependent variable using nonparametric
smoothing curves fit to each variable, similar to doing a
multiple linear regression with curvilinear functions. For
GAM calculations we used the mgcv package, which automatically selects degrees of freedom for each smooth term
in the model by minimizing the generalized cross validation
score. The GAM models were run using a Gaussian distribution and default settings. We used the GAM plot function
4
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to examine the contribution of each component’s smooth
function on TP and to evaluate the statistical significance
of each smooth term based on the null hypotheses that each
smooth term is zero, similar to probability values of terms
that would be calculated in a general linear model.
The RF procedure is based on aggregating a collection of
regression trees. The RTA procedure is explained in more
detail in the regional analysis section (below), but in essence
it explains variation in the dependent variable by evaluating
successive binary splits of each predictor variable resulting
in a model analogous to a binary key. We used the random
Forest package (Liaw and Wiener 2010) to create RF models, a collection of regression trees that are averaged using
a bootstrapping technique (Liaw and Wiener 2002, Prasad
et al. 2006). After several trial runs we determined the procedure would operate best by growing 1000 trees (ntree
= 1000) and using 3 randomly selected variables at each
split (try = 3). Two measures of relative importance were
obtained using the RF procedure that identifies the most relevant predictors. One measure of variable importance was
calculated as the percent of prediction error (MSE) for each
predictor on an aggregation of bootstrap samples (Liaw and
Wiener 2010). The second measure was the total decrease
in node impurities from splitting on the variable, averaged
over all trees measured by residual sum of squares (Liaw
and Wiener 2010). For this measure, predictors that appear the most times at split points have the most reduction
of impurity and are most important. For both measures of
variable importance, larger values are indicative of greater
model contributions. Partial dependence plots were used to
examine the behavior of individual predictors on mean lake
phosphorus with the effects of the other predictor variables
removed. Additionally, we used GIS to compare the spatial
distribution and autocorrelation of both RF and GAM model
residuals (predicted minus observed).

Regional modeling
We sought further insight by modeling at a regional scale
because post hoc inspection of the geographic distribution of
residuals from the statewide model were spatially autocorrelated, which arises from the influence of land use disturbance
that likely varies with differences in resiliency among regional landscapes (Heathwaite 2010). By definition, much of
the spatial variation in geomorphology (glacial history, deposition of parent material, topography), climate, and plant
communities is already captured in various regionalization
schemes (ecoregions). Ecoregions have been shown to be
useful in accounting for variation in phosphorus and other
water quality variables (Heiskary et al. 1987, Cheruvelil
et al. 2008). In addition to EPA Omernik level I regions used
for the empirical statewide model, we evaluated other regionalization schemes to account for geographical variation

Mean

53.3
11.8
65.3
19.9
27.1
6.4
40.4
33.6
15.0

Variable

TP
zmax
W:L
Outwash
Ag
Urban
Forest
Disturbed
Animals

68.55
8.81
237.87
28.44
27.26
11.92
28.56
29.68
19.25

SD
27.8
9.7
13.7
1.5
16.0
3.9
37.3
26.4
7.0

Median
4.0–722.0
1.2–64.9
1.5–5489.8
0.0–100.0
0.0–87.4
0.0–92.2
0.0–93.9
0.0–94.3
0.02–130.4

Min./Max.
1.00
—
—
—
—
—
—
—
—

TP

W:L
0.14
−0.06
1.00
—
—
—
—
—
—

zmax
−0.55
1.00
—
—
—
—
—
—
—

−0.25
0.21
−0.03
1.00
—
—
—
—
—

Outwash

0.61
−0.28
0.16
−0.04
1.00
—
—
—
—

Ag

0.18
−0.04
−0.11
−0.01
−0.02
1.00
—
—
—

Urban

−0.55
0.23
0.06
−0.01
−0.81
−0.33
1.00
—
—

Forest

0.63
−0.28
0.15
−0.04
0.91
0.38
−0.88
1.00
—

Disturbed

0.54
−0.28
−0.04
−0.13
0.62
0.14
−0.62
0.63
1.00

Animal

Table 2.-Summary statistics (left) and Pearson’s correlation matrix (right) calculated with the complete set of 1330 Minnesota lakes used in this study for mean lake total phosphorus
(TP in ppb); maximum lake depth (m); watershed:lake area ratio (W:L); percent of watershed classified as outwash, agriculture, development, forest, disturbed
(agriculture+development+mining); and USGS SPARROW estimates of TP yield from animal production (kg/km2/y).
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in TP. A series of one-way analyses of variance was used to
assess the fit to TP with 7 regionalization schemes (Table 1).
An optimal regionalization scheme was then selected based
on comparisons among models using adjusted R2, Akaike
information criteria (AIC), and Bayesian information criteria (BIC) values. Furthermore, we once again used GIS to
inspect the spatial distribution and autocorrelation of residuals resulting from each model as a measure of suitability.
Next, we employed the optimal regionalization scheme with
other natural lake and watershed factors (zmax , W:L, and outwash) to classify lakes by regional baseline TP levels. Establishing regional baseline TP levels resulting from natural
factors allowed us to parse out effects of land use disturbance
that we were specifically interested in modeling. To classify
regional baseline TP conditions in lakes we used RTA applied to the complete statewide dataset using the rpart package implemented in R (R Development Core Team. 2011).
The complexity parameter for pruning the tree in rpart was
set to 0.02, essentially stopping model building once splits
did not account for more than 2% of the variation in the
dependent variable. We also reran the analysis using the
partition decision procedure in JMP 9.0 (SAS 2010), which
uses slightly different splitting criteria as a check on model
reliability. The analysis was validated using a 10-fold cross
validation analysis, which involved dividing the original data
into 10 subsets and comparing model best fit (R2) for these
10 subsets to the original model (SAS 2010).
Following RTA classification we used GAM and LM to determine the specific influence of individual land use disturbance variables on TP. The same GAM methodology specified for the statewide model was also used for the regional
disturbance modeling. Separate models were run for each
RTA lake class and also collectively with RTA class added
along with disturbance variables as predictors. Disturbance
variables used in the models were proportion agriculture,
proportion urbanized development, and animal agriculture
TP yield (kg/km2/y). Because some of the disturbance variables seemed to influence TP linearly, we also modeled TP
using same disturbance variables in a linear model implemented with the R lm module (The R Development Core
Team 2011) to add statistical rigor.

Results
Our set of 1330 Minnesota lakes varied considerably in
physical characteristics and watershed attributes (Table 2).
Mean summer epilimnetic TP ranged from 4 to 722 ppb,
zmax ranged down to 64 m, and W:L ranged from <2:1 to
>5000:1. Individual anthropogenic land use disturbances
ranged from more than 90% of the watershed in heavily
urbanized and agricultural settings, to near zero in forested
settings.
Predictor variables were often correlated and related to TP
(Table 2). Among the 3 nonanthropogenic disturbance variables (zmax , W:L, and outwash), zmax was the most correlated
with TP. Lakes with lower TP tended to be deeper and have
watersheds containing higher amounts of glacial outwash.
W:L area ratio had only a weak positive correlation with TP.
Among anthropogenic disturbance variables, percent disturbance had the highest correlation with TP. Because land use
variables are all proportions of the same area they are highly
correlated. Also, there was a strong positive correlation between the contribution of agricultural animal phosphorus
yield and cultivated land use and negative correlation with
forested land use.
Statewide empirical modeling
RF and GAM models using EPA level I ecoregions, zmax ,
W:L, outwash, and land use disturbance explained 60.1 and
59.7% of the variation in TP among Minnesota lakes, respectively. Both modeling procedures also showed similar
influences of the predictor variables on TP, with zmax and disturbed land use being most influential (Table 3; Fig. 2a–h).
A curvilinear relationship between TP and both zmax and
disturbed land use is very evident by a precipitous drop in
lake TP between 2 and 10 m zmax and land use disturbance
less than approximately 40% of watershed area (Fig. 3).
Regional modeling
Our evaluation of regional schemes showed that EPA level
IV ecoregions were most optimal for explaining variation in
TP levels among Minnesota lakes. The level IV ecoregion

Table 3.-Contribution of predictor variables in generalized additive (GAM) and random forest (RF) statewide empirical models of TP in
Minnesota lakes. Two importance factors are provided for each RF predictor; percent mean square error (%MSE) and increase in node
purity. The contribution of each GAM predictor is shown with F ratio.

Predictor Variable

GAM F ratio

RF % MSE

RF Node Purity

Ecoregion
Land use disturbance
zmax
W:L
Outwash

—
21.3
45.4
2.7
12.4

25.9
82.3
126.3
32.3
51.9

23.5
78.3
57.5
27.8
17.6

6

ATTACHMENT C

Landscape factors affecting lake phosphorus levels

80

GAM fit disturbance

70

GAM fit maximum depth
SE
Mean of MN lakes

TP (ppb)

60

50

40

30

20

0

10

20

30

40

50

60

70

80

90

Percent of Watershed Disturbed & Maximum Depth (m)

Figure 3.-Untransformed responses of GAM model showing the
influence of percent watershed disturbance and maximum lake
depth (m) on TP (ppb).

counted for 55% of the variation in TP levels among lakes
using only EPA level IV ecoregions and zmax . The classification distinguished between deep and shallow lakes in
forested and prairie/agricultural regions along with a subunit comprised of “transitional” ecoregions prone to contain
shallow lakes with higher TP.

Figure 2.-The influence of individual predictor variables on log10
mean summer TP (ppb) based on random forest (RF; left column)
and generalized additive models (GAM; right column) in Minnesota
lakes. The dependent axis for the RF generated plots shows
predicted TP and for the GAM model it shows the deviation from
the overall mean log10 TP of all 1330 study lakes (1.52). Dashed
lines represent 1 SE deviation from the model fit.

scheme had the highest R2 along with the lowest AIC and
BIC scores compared to all other regionalization schemes
analyzed with one-way ANOVA models (Table 1). Furthermore, post hoc analysis revealed the use of level IV ecoregions resulted in the least amount of spatial autocorrelation.
Using RTA, 5 groups of lakes were classified with homogeneous baseline TP levels (Fig. 4). This classification ac-

Once baseline TP levels were established with RTA
ecoregion–depth classification, we identified specific responses in TP resulting from watershed land use disturbances. GAM models of TP using disturbance variables
(agriculture, development, and animals) as predictors within
individual RTA ecoregion–depth classes explained from 7.4
to 31.3% of the variation in TP beyond baseline levels
(Table 4). With all classes combined, a threshold level of
approximately 40% was found with both development and
agriculture (Fig. 5a and 5c). Because few lakes have watersheds that exceed 40% development, the sample size was
insufficient within lake ecoregion–depth classes to precisely
model a TP response across a broad range of development;
however, ecoregion–depth classes differed in their response
to agricultural disturbance. Phosphorus levels in agricultural
and transitional regions elevated rapidly in response to agricultural land use, while the response in forested regions was
much less, especially in deeper lakes (Fig. 5d–h). Agricultural animal production was associated with elevated TP
levels statewide once animal phosphorus yields exceeded
approximately 50 kg/km2/y (Fig. 5b), but too few lakes had
watersheds with animal P loading >50 kg/km2/y to discern
differences among individual ecoregion–depth classes.
7
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Figure 4.-Classification tree model of baseline log10 mean summer TP (ppb) in Minnesota lakes predicted using EPA level IV ecoregions
and maximum lake depth as predictors. Boldface type denotes node mean log10 TP. Inset graph shows a progressive reduction in the
complexity parameter R2 in the model with each split of the dataset.

Our optimal linear model, specified as TP∼lake class
∗
proportion agriculture + lake class∗ proportion urban +
animal phosphorus yield, provided a similar fit as the GAM
model to the response of TP to land use disturbance (LM R2
= 0.60, AIC = 192.0, BIC = 103.7; GAM R2 = 0.60, AIC
= 118.5, BIC = 246.3). The linear model confirmed significant effects of all three disturbance variables and statistically significant differences between all ecoregion–depth
classes except between the 2 deep lake classes (Table 5). The
model also confirmed significant differences in the response
of TP to agricultural land use between forested and agricultural/transitional regions, confirming the trends shown in
GAM plots (Fig. 5d–h).

Discussion
Our empirical modeling showed TP to have a curvilinear
relationship with watershed disturbance in Minnesota lakes.
TP concentrations increased steadily as watershed disturbance increased to around 40%, then increased significantly
at greater watershed disturbances. The 40% land use disturbance value could provide a valuable benchmark for
guiding land use management in the watersheds of lakes
in Minnesota and possibly for other North American lakes
in similar ecoregions. Lakes with watersheds <40% land use
disturbance would be good candidates for protection, while
lakes with more disturbance might need restoration. The

Table 4.-Statistical probability levels of the contribution of each of the 3 disturbance predictor variables used in generalized additive
models (GAM) of log10 mean summer TP (ppb) within each ecoregion-depth class (Fig. 4); deep-forest (DF), shallow-forest (SF), shallow
transition ST), deep-agriculture (DA), shallow-agriculture (SA). Sample size (N) and R2 listed for each model.

Lake Class
DF
SF
ST
DA
SA

8

N

R2

Agriculture

Development

Animal Load

493
297
124
216
200

13.0
7.4
31.3
20.6
22.5

0.016
0.031
<0.001
<0.001
<0.001

<0.001
0.021
<0.001
0.003
0.008

0.036
0.683
0.016
0.118
<0.001
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lake managers to develop realistic goals for protection and
restoration.
Predictors used in our model seem to behave similarly to
the hydrogeomorphic-land use multiple regression model
developed by Soranno et al. (2008; TP∼mean depth+ percent outwash+water color+ percent agriculture and urban),
although our model reflected curvilinear responses over a
greater range of TP. Furthermore, we determined that agriculture is the most prevalent form of land use disturbance
affecting TP levels in Minnesota lakes and is primarily confined within agricultural and transitional regions. Consequently, Minnesota forest region lakes are relatively undisturbed by watershed land use practices except for the few
that have relatively high levels of development. These findings agree with results of sediment diatom analysis that show
contemporary TP levels in northern lakes and forest (NLF)
ecoregion lakes unchanged from a period prior to European
settlement (Heiskary et al. 2004, Ramstack et al. 2004).
Conversely, diatom-inferred TP levels in western corn belt
plain (WCP) and central hardwood forest (CHF) ecoregion
lakes (comparable to our agricultural and transition region
lakes) were significantly higher at present than during preEuropean settlement. Many other studies have also shown
increases in TP in lakes related to the intensity of agricultural
cultivation (Umbanhowar 2003, Jones et al. 2004, Soranno
et al. 2008, Taranu and Gregory-Eaves 2008) and determinations of higher phosphorus exports with agricultural land
as opposed to forested land (Endreny and Wood 2003).

Figure 5.-The influence of disturbance variables (a) development,
(b) animals, and (c) agriculture on TP conditions in Minnesota lakes
from generalized additive models. Model results for agriculture land
use effects within individual ecoregion–depth classes (Fig. 4) are
depicted in d–h. The dependant axis shows deviation from the
overall log10 mean summer TP (ppb) listed in parenthesis for each
class. Dashed lines represent 1 SE deviation from the model fit.

relationship between TP and land use disturbance may also
be valuable for lake managers considering other alternatives.
For example, the increase in TP associated with 40% land
use disturbance might be unacceptably large for high water
quality lakes with undisturbed watersheds. Alternatively, a
goal of 40% land use disturbance might be unrealistically
low for lakes with highly disturbed watersheds located in
areas with intensive urbanization or agriculture. The curvilinear response of TP to watershed disturbance should allow

Although TP is lower in deeper lakes than shallow lakes, we
still found evidence of elevated TP levels in deeper lakes at
agricultural land use >40%. This evidence is inconsistent
with sediment diatom studies showing TP levels unchanged
from the pre-European era in 5 dimictic lakes located in the
heavily agricultural WCP (Ramstack et al. 2004, Heiskary
et al. 2004); however, the higher TP response we observed
in agricultural lakes could be due to the large sample size
of lakes (216), including many located outside the WCP in
agricultural areas located in the CHF ecoregion. Nonetheless, we found deep lakes to have a lower response rate of TP
to agriculture land use than shallow lakes. These findings are
consistent with numerous lake phosphorus models reviewed
by Brett and Benjamin (2008) in which resiliency to external phosphorus loading increases with depth. Shallow lakes
are more likely to have higher TP because of significantly
higher levels of internal phosphorus loading resulting from
resuspension and bioturbation. Furthermore, Johnston and
Shmagin (2006) indicate that deeper lakes in Minnesota are
more likely to tap into regional groundwater regimes, which
would lead to lower TP levels.
Our results confirm a nonlinear relationship between land
use disturbance and TP that differs in magnitude among
ecoregions and zmax . Consequently, RF and GAM methods
9
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Table 5.-Linear model of the response of log10 mean summer TP to land use disturbance (percent developed land use, percent
agricultural land use, and animal phosphorus contribution) and ecoregion–depth classes; deep-forest (DF), shallow-forest (SF), shallow
transition ST), deep-agriculture (DA), shallow-agriculture (SA).

Coefficients
Intercept (DF)
SF
ST
DA
SA
Agriculture land use
Developed land use
Animal source
Agriculture land use ∗ SF
Agriculture land use ∗ ST
Agriculture land use ∗ DA
Agriculture land use ∗ SA
Developed land use ∗ SF
Developed land use ∗ ST
Developed land use ∗ DA
Developed land use ∗ SA
∗

Estimate

Std. Error

t value

Pr(>|t|)

1.203
0.180
0.122
−0.025
0.537
0.228
0.465
0.001
−0.025
0.277
0.552
0.289
−1.324
0.340
0.002
−0.276

0.0149
0.0249
0.0523
0.0681
0.0759
0.060
0.114
0.001
0.122
0.122
0.121
0.120
0.735
0.165
0.185
0.228

80.489
7.221
2.341
−0.365
7.081
3.801
4.074
2.696
−0.207
2.266
4.552
2.398
−1.802
2.055
0.010
−1.212

<0.0001∗∗∗
<0.0001∗∗∗
0.019∗
0.715
<0.0001∗∗∗
0.0002∗∗∗
<0.0001∗∗∗
0.007∗∗
0.836
0.024∗
<0.0001∗∗∗
0.017∗
0.072
0.040∗
0.992
0.225

p < 0.01, ∗∗ p < 0.05, ∗∗∗ p < 0.001

yielded optimal predictive models for describing a land use
disturbance threshold. Close agreement between GAM and
RF models along with relatively high precision added confidence in our conclusions regarding the effects of land use
disturbance on TP. In a similar study of French lakes, Catherine et al. (2010) also found RF and GAM to provide superior
predictive models of eutrophication status using environmental factors. In their analysis, RF models performed only
slightly better than GAM models, which they attributed to
the ability of RF to handle interactions between predictors
in addition to multimodality.
We found mapping and analyzing the geographic distribution of model residuals combined with GIS overlays of additional explanatory variables useful for evaluating spatial
coincidence of possible covariates. Despite a relatively high
level of predictive accuracy, significant levels of spatial autocorrelation were evident in residuals from the statewide empirical model that directed us to incorporating finer resolution ecoregion units in subsequent models. Ecoregion units,
by accounting for spatial differences in geomorphology (including lake morphology), climate, soils, and plant cover,
grouped lakes into more homogenous units with respect
to phosphorus and improved model accuracies and goodness of fit. Furthermore, individual models unique for each
ecoregion showed how TP responds to different landscape
influences. For our purposes, the EPA ecoregion scheme
performed better than the ECS scheme. The EPA ecosystem classification scheme was formulated to characterize
influences on water body chemistry and places emphasis
on hydrology (Omernik et al. 2000). ECS ecoregions are
10

designed to delineate differences in terrestrial native plant
communities and forest cover as opposed to water bodies
(Cleland et al. 1997, Omernik et al. 2000).
Our state and regional scale model fits into the continuum
of lake models that range from broad-scale (continental and
beyond) and highly empirical to lake specific and highly
mechanistic. Relying on our models to accurately predict
precise responses for an individual lake is not advisable. Our
study lakes were selected opportunistically based on availability of TP assessments in an attempt to get the broadest
range of variability of disturbance possible, so there could
be a bias toward larger and more “socially significant” lakes.
Because our study was limited to lakes >40 ha, we advise
caution when making conclusions about lakes with smaller
surface areas. As a consequence of the broader spatial scale
of our analysis, the models of this study did not take into
account many of the mechanistic factors known to influence TP in specific lakes. Managers needing to direct efforts
on specific lakes and watersheds would be advised to use
more mechanistic models such as BATHTUB (e.g., James
et al. 2002) or the Soil and Water Assessment Tool (SWAT;
Neitsch et al. 2002).
Our analyses provides direct evidence of land use disturbances elevating TP in Minnesota lakes to levels that significantly affect fish community structure and function in
Minnesota lakes (Schupp and Wilson 1993, Heiskary and
Wilson 2008). We recommend that lake managers consider
thresholds of land use disturbance on lake TP levels in efforts
to protect and enhance fish habitat in Minnesota lakes.
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LOW-COST
METHODS TO
REDUCE BIRD
COLLISIONS WITH
GLASS
Every year, nearly one billion birds
collide with glass in the U.S. While most
people consider bird collisions with
glass to be an urban phenomenon
involving tall, mirrored-glass
skyscrapers, the reality is that 56% of
collision mortality occurs at low-rise
buildings (i.e., one to four stories), 44%
at urban and rural residences, and <1%
at high-rise buildings (Loss et al.
2014). Many government facilities and
refuge visitor centers fit the
description of the buildings involved in
most bird collisions.
Fortunately, low-cost, attractive
solutions are available to building
owners and managers. Recent research
quantifying the loss of nearly three
billion birds in North America over the
last 50 years deserves a strong
response from federal agencies and an
increased focus on tangible actions
that result in measurable conservation
outcomes, such as reducing bird
collisions with glass.

The U.S. Fish and Wildlife Service helped fund a bird-safe window
retrofit demonstration at the Oregon Museum of Science and Industry.

TREATMENTS
Lethal Illusions
Birds do not see clear or reflective
glass. Glass creates a lethal illusion of
clear airspace.
The majority of collisions occur during
the day when birds can see reflections
of the landscape in the glass (e.g.,
clouds, sky, vegetation, or the ground);
or birds see through glass to real or
perceived habitats (e.g., potted plants
or vegetation inside buildings). During
inclement weather, migrating birds
can be attracted to lighted buildings,
resulting in collisions, entrapment,
excess energy expenditure, exhaustion,
resulting in concentrated avian
mortality events at night.
Daytime collisions are reduced by using
glass treatments that allow birds to
see glass as a barrier. Glass
treatments should be applied up to the
third floor, or up to the height of the
adjacent vegetation. However, applying
treatments to just first story windows
or known problem glass can make an
important difference. Nighttime
collisions are reduced by minimizing
interior and exterior lighting, especially
during migration seasons.
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Glass Treatments
A variety of glass and window treatment
options are available to create visual barriers
for birds thereby reducing mortality from
collisions. Vertical stripes that are at least ¼
inch wide with a maximum spacing of 4 inches,
or horizontal stripes that are at least ¼ inch
wide with a maximum spacing of 2 inches, have
been effective at preventing glass strikes of
most birds. Because hummingbirds are so much
smaller than other birds, closer spacing of the
elements of any pattern (striped or otherwise)
will be necessary.
Additionally, when using patterns other than
stripes, closer spacing of elements is
recommended because a series of smaller
images like dots will not break up the glass as
much as stripes using the 2” X 4” spacing
rules. Use colors that contrast well against the
background or reflections (e.g., white stripes
may be more effective than black stripes if
there is a consistent reflection of dark color on
the glass surface). Applying a product to the
outer surface of the glass is most effective.
Applying a product to inner surfaces can be
effective if the outer surface is not so
reflective that the pattern beneath is invisible
to birds; this is only recommended where
external treatment is not possible.

ACOPIAN BIRD CURTAIN/ZEN CURTAIN

Paracord treatment on University of Chicago glass.
Photo: Acopian BirdSavers

Cost: 11 cents/sq. ft. for materials
Many consider the Acopian bird or Zen bird curtain to be an
elegant and simple method of reducing bird collisions with glass.
This method uses 1/8-inch paracord sections spaced 3.5 to 4.25
inches apart, hanging the height of the window and attached to
a horizontal section of paracord running along the top frame of
the window. The paracord creates a visual barrier for birds.
Acopian curtains can be purchased pre-made, or constructed of
readily available and inexpensive materials.
www.birdsavers.com
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PAINT

Cost: 13 cents/sq. ft. for
materials
Using the spacing guidelines
previously described, non-toxic
tempura paint patterns or
artwork applied to exterior glass
can reduce bird collisions for
extended time periods. When
needed, tempura paint is easily
removed using vinegar and water.
Stripped glass pattern. Photo: Christine Sheppard, American Bird Conservancy

SCREENS AND NETTING

Cost: varies based on materials, approximately $1.83/ sq. ft.
External insect screens or netting on windows is an
effective and relatively inexpensive treatment to
reduce the visual reflection in the glass, and might also
help prevent some injuries by providing a cushion
between the bird and the window. This treatment can
be installed on individual panes or attached to a façade.
To be effective, the netting must be placed far enough
in front of the window that a bird hitting it will not
collide with the glass behind the net after hitting it. The
netting should have openings no larger than ½ inch and
it must be completely taut so that birds do not get
Netting installed on slanted wooden beams. Photo: USFWS
trapped in it.
Several companies sell screens or barriers that can be attached with suction cups or eye
hooks. These treatments can be used on new construction, renovations, and retro-fits.
www.birdscreen.com
TAPE AND DECALS

Cost: Tape is $2.50/sq. ft., dot patterns
are $8/sq. ft. for materials
Bird friendly patterns can be adhered to
glass using tape and decals. Tape and
decals are often available in a variety of
colors and tints as well as clear. Adhesive
dot patterns are available.
www.collidescape.org

Dot pattern applied to
exterior of National
Renewable Energy
Laboratory (NREL).
Photo: Dennis
Schroeder, NREL 31193
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EXTERNAL FILMS AND COVERINGS

Cost: External films and coverings are $4-6/sq. ft. for materials; double that to include labor.
There are several effective external film and glass covering options. Some options are more
expensive, but are highly effective. They only have a guaranteed lifetime of 5 to 7 years,
although they often last longer.

Before and after window film was applied to the Ding Darling Education Center at the J.N. “Ding” Darling National Wildlife Refuge.
Photos: USFWS

NIGHTTIME LIGHTING (CONTINUED ON NEXT PAGE)

Cost: Not only is the elimination or reduction
of unnecessary lighting one of the easiest
ways to reduce collisions, it also saves energy
and reduces costs. Motion sensors and light
down shields involve a modest initial
investment and result in cost savings.
Light minimization is especially important
during the bird migration periods (early April
through late May and mid-August through
early November), and periods of inclement
weather. Combined with glass treatments,
reducing nighttime lighting can save birds.

(Left) Waterfowl hunters begin to line up at the "check-in" shack on the
southern end of the Sacramento refuge to sign up for the opening day
hunt blind lottery held later that night. Credit: Jon Myatt/ USFWS3

T R E A T M E N T S A N D C O M M UATTACHMENT
N I C A T I OCN
NIGHTTIME LIGHTING (CONTINUED)

To eliminate and reduce unnecessary nighttime
lighting:
1. Extinguish lights or install motion sensors on all
lights (both interior and exterior) that activate only
when people are present. Motion sensors are
inexpensive and save energy;
Wood thrush/Creative Commons

2. Use window coverings to reduce bird attraction to
lighted buildings;
3. Ensure all exterior lighting is “fully shielded” so that
light is prevented from being directed skyward. “Fully
shielded” light fixtures are defined as those with an
opaque shield so that all light is only emitted
downward below the lowest light emitting part of the
fixture. “Fully shielded” is the same as “zero up light”
and “dark sky compliant;” and,

White-throated sparrow/Creative Commons

4. Comply with current Federal Aviation Administration
(FAA) marking and lighting guidance on obstructions
(ensure that required obstruction lighting includes only
L-864 flashing lights with appropriate flash rates, and
non-flashing L-810 lights extinguished or
reprogrammed to flash). For more information, see:
https://www.audubon.org/conservation/project/lightsout
Canada warbler/Creative Commons

COMMUNICATION

Federal agencies, especially where we have visitors at refuges and fish hatcheries, have an
opportunity to share information with the public about effective ways to reduce bird
collisions. We encourage you to develop interpretive information to share what measures you
take at your facility and why it is important for bird conservation.
Agencies have an opportunity to address the magnitude of bird losses with tangible actions
that result in measurable conservation outcomes. Retrofitting building glass is a costeffective technique that reduces bird collisions and brings us a step closer to reducing the
loss of migratory birds.

ATTACHMENT C
Methods to Reduce Bird Collisions with Glass When Remodeling and
Designing New Facilities
Migratory Bird Program, U. S. Fish and Wildlife Service
Falls Church, Virginia
November 2020
Every year nearly one billion birds fatally collide with glass in the U.S. While most people
consider bird collisions with glass to be an urban phenomenon involving tall, mirrored-glass
skyscrapers, the reality is that 56% of collision mortality occurs at low-rise buildings (i.e., one to
four stories), 44% at urban and rural residences, and <1% at high-rise buildings (Loss et al.
2014). Many government facilities and refuge visitor centers fit the description of the buildings
involved in most bird collisions. Fortunately, low-cost, attractive glass treatments are available
for existing buildings, while new builds and remodels can incorporate bird-safe building design
and specialized glass. Many of bird-safe measures simultaneously reduce energy costs. Recent
research quantifying that bird populations in North America have declined by nearly three
billion birds over the last 50 years, deserves a strong response from federal agencies and an
increased focus on tangible actions that result in measurable conservation outcomes, such as
reducing bird collisions with glass.
Minimizing bird collisions with glass is consistent with 116-100 – Department of the Interior,
Environment and Related Agencies Appropriations Bill 2020; the Government Services
Administration (GSA) P100 Facilities Standards for the Public Buildings Service; and a
continuously growing public concern about bird population declines. In June 2020, the House of
Representatives passed H.R. 2, the Bird Safe Buildings Act, which mandates all public buildings
managed by GSA to be designed or altered in a bird friendly manner. Leadership in Energy and
Environmental Design (LEED) acknowledges the importance of bird-friendly design and related
measures through associated credits. In addition, taking steps to reduce bird collisions with
glass supports the intention of Executive Order 13186: Responsibilities of Federal Agencies to
Protect Migratory Birds.
Birds do not see clear or reflective glass as a barrier. Glass creates a lethal illusion of clear
airspace. The majority of collisions occur during the day when birds can see landscape
reflections in the glass (e.g., clouds, sky, vegetation, or the ground); or birds see through glass
to perceived habitats (e.g., potted plants or vegetation inside buildings). When inclement
weather occurs during spring and fall bird migrations, birds can be attracted to lighted facilities;
resulting in collisions, entrapment, excess energy expenditure, exhaustion, and occasionally
large-scale nighttime mortality events.
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Daytime collisions are reduced at existing facilities by using glass treatments that allow birds to
see glass as a barrier. Some glass treatments increase energy efficiency. For example, bird
collision prevention film has a U-factor of 2.61 and Solar Heat Gain Coefficient of 0.46.
Specialized glass, building design features (awnings, screens, etc.), and bird-safe building design
can reduce bird collisions at new and remodeled facilities. Many of the measures to reduce bird
collisions with glass at new and remodeled facilities simultaneously reduce energy costs by
reducing heat gain and minimizing lighting costs. Glass treatments and other bird-safe
measures should be applied up to the third floor, or up to the height of the adjacent vegetation.
However, applying bird-safe practices to just the first story windows or known problem glass
can make an important difference. Nighttime collisions and attraction can be reduced by
minimizing interior and exterior lighting, especially during bird migration seasons.
Glass Types
A variety of glass and window types are available to create visual barriers for birds thereby
reducing mortality from collisions. Vertical stripes that are at least ¼ inch wide with a maximum
spacing of 4 inches, or horizontal stripes that are at least ¼ inch wide with a maximum spacing
of 2 inches, have been effective at preventing glass strikes of most birds. Because
hummingbirds are so much smaller than other birds, closer spacing of the elements of any
pattern (striped or otherwise) will be necessary. Also, when using patterns other than stripes,
closer spacing of elements is recommended because a series of smaller images like dots will not
break up the glass as much as stripes using the 2” X 4” spacing rules. Glass with external
patterns are more effective at preventing bird collisions than glass with internal modifications;
given that internal patterns may be invisible to birds through reflections in the glass.
Acid-etched, Fritted or Frosted Glass
Fritting is the use of ceramic lines, dots or other patterns that are most effective when
placed on the external glass surface, but which are usually put on the interior surfaces
of insulated glass. Etching, fritting, and frosting not only reduces the risk of bird
collisions but simultaneously increased energy conservation by reducing solar heat gain
(27 SHGC) and glare while simultaneously reducing cooling loads and allowing natural
lighting of buildings. These products can slightly reduce the glass transparency. Existing
glass also can be frosted by on-site sandblasting during remodeling. To see a list of the
latest recommendations in fritted glass products, visit the American Bird Conservancy’s
webpage (https://abcbirds.org/get-involved/bird-smart-glass/#1).
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Etched, patterned glass provides a visual barrier to birds. Photo from
https://www.walkerglass.com
Ultraviolet Patterned Glass
Some birds see in the ultraviolet (UV) spectrum. As of 2020, a handful of UV-reflecting
glass products were available with UV patterns generally not visible to humans but
visible to many bird species. Initially this glass option was more expensive than other
treatments, but costs are expected to decrease with higher demand and production.
The American Bird Conservancy’s webpage (https://abcbirds.org/get-involved/birdsmart-glass/#1) includes a list of recommendations for ultraviolet patterned glass
products.

UV patterns on glass are visible to many birds but not to humans. Photo from
Channel Glass
http://ornilux.com/
3
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Patterns created by channel glass have demonstrated the ability to reduce bird
collisions. Materials are up to 60 percent recycled with low-emissivity coatings, high
thermal performance u-value (>0.17) and r-values as high as 5.88. The American Bird
Conservancy’s webpage provides additional information (https://abcbirds.org/getinvolved/bird-smart-glass/#1).

Channel glass can create a visual barrier to birds. Photo from
https://www.constructioncanada.net
Building Design Features
Building designers can use features such as awnings, lattice-work, louvers, mesh, double-skin
façades, shutters, and other creative strategies to reduce glass reflections or reduce visibility
into transparent areas. Most bird-safe building design features simultaneously conserve energy
while reducing the risk of bird collisions. Screens can both reduce the reflectivity of glass and
block bird collisions.
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Awnings, Shades, and Shutters
Shaded windows allow building occupants access to outdoor views and light but reduce
the glass reflections confusing to birds, especially when glass is shaded on all sides.
These design features also reduce glare and overheating of the building interior.
Awnings, shades, and shutters can be used on new construction, renovations, and retrofits.

Shading was applied around the windows on the exterior of the Research
Support Facility (RSF) at the National Renewable Energy Laboratory (NREL).
Photo by Dennis Schroeder, NREL 19798.

Shutters overhang windows at a facility at the San Diego Zoo. Photo by
Christine Sheppard, ABC.
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Screens and Netting
External insect screens or netting on windows is an effective and relatively inexpensive
treatment to reduce the visual reflection in the glass and might also help prevent some
injuries by providing a cushion between the bird and the window. To be effective, the
netting must be placed far enough in front of the window that a bird hitting it will not
collide with the glass behind the net. The netting should have openings no larger than ½
inch and it must be completely taut so that birds do not get trapped in it. Several
companies sell screens or other barriers that can be attached with suction cups or eye
hooks. These treatments can be used on new construction, renovations, and retro-fits.
https://www.birdscreen.com

Netting installed on slanted wooden beams. Photo by USFWS.
Nighttime Lighting
Not only is the elimination or reduction of unnecessary lighting one of the easiest ways to
reduce collisions, it also saves energy and reduces costs. Newer energy codes allow less lighting
power than older energy codes for a given facility type and use. Reduced lighting power can be
accomplished using lighting control strategies that extinguish or dim interior lighting when it is
unneeded, such as after hours (when the building is vacant), during the work day when a space
is unoccupied or natural lighting is adequate. Exterior lighting can also employ motion sensors
and light down shields resulting in cost savings with only modest initial investment. Light
minimization is especially important during the bird migration periods (early April through late
6
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May and mid-August through early November), and periods of inclement weather. Combined
with glass treatments, reducing nighttime lighting can save many birds. For more information,
see: https://www.audubon.org/conservation/project/lights-out
While bird friendliness has not been a criterion in the development of ASHRAE Standard 90.1 or
the IECC, the committee developing ASHRAE Standard 90.1 worked extensively with the
International Dark Sky Association in efforts to reduce light pollution. This collaboration
resulted in the development of exterior lighting zones found in ASHRAE Standard 90.1-2010 and
all subsequent versions of Standard 90.1. Five exterior lighting zones are defined, ranging from
“0” for undeveloped land in national parks and other undeveloped areas, such as Yellowstone
National Park, to “4” for high activity commercial districts in major metropolitan areas, such as
Times Square. The amount of exterior lighting power allowed varies by exterior lighting zone,
with lower numbered exterior lighting zones being allowed less exterior lighting power. Interior
and exterior lighting power and controls in Standard 90.1 could also lead to energy savings for
buildings. Lighting retrofits are reasonably common in buildings; with both interior and exterior
lighting and the needed controls easily retrofitted in most buildings. Once installed, it is
important to both energy savings and bird safety that lighting controls are properly used to
minimize lighting, when possible.
To eliminate and reduce unnecessary nighttime lighting:
1. Extinguish lights or install motion sensors and controls on all lights (both interior and
exterior) that activate only when people are present. Motion sensors are inexpensive
and save energy;
2. use window coverings to reduce bird attraction to lighted buildings;
3. ensure all exterior lighting is “fully shielded” so that light is prevented from being
directed skyward. “Fully shielded” light fixtures are defined as those with an opaque
shield so that all light is only emitted downward below the lowest light emitting part of
the fixture. “Fully shielded” is the same as “zero up light” and “dark sky compliant;” and
4. comply with current ASHEAE Standards and current Federal Aviation Administration
(FAA) marking and lighting guidance on obstructions (i.e., ensure that required
obstruction lighting includes only L-864 flashing lights with appropriate flash rates, and
non-flashing L-810 lights extinguished or reprogrammed to flash).
Vegetation, Landscaping, and Outdoor Facilities
Where vegetation is adjacent to, seen through, or reflected in glass structures (e.g., windows,
bus shelters, noise barriers, walkways, glass walls, etc.), treat existing glass or install a bird-safe
glass that is visible to birds such as those previously listed. Avoid creating an effect where
landscaping funnels birds toward glass (e.g., walkways, passageways, edges) or where activities
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near buildings flush birds towards glass. Move indoor plants, trees or shrubs out of bird view, if
possible; otherwise, treat existing glass or install bird-safe glass.

Trees and shrubs can be reflected in glass and create a type of funnel effect near
the entrance of a building. Vegetation can also be viewed through glass. Photos
by USFWS.
Building Design
Designing a building to be bird-safe may not require higher costs, especially if bird-safe
measures are integrated early in the design process. Energy conservation measures often
overlap with bird-safe measures, thereby enhancing the cost effectiveness of bird conservation.
Many people find glass buildings aesthetically pleasing but are unaware that glass reduces
energy efficiency in many climate zones and causes most bird collisions. New energy codes do
not explicitly regulate the amount of window area in a building but do typically require more
stringent requirements for windows as the window area increases. The American Society of
Heating, Refrigerating and Air-conditioning Engineers (ASHRAE) and the International Code
Council state that heating and cooling costs increase when more than 30-40% of a building’s
exterior is glass (ANSI/ASHRAE/IES Standard 90.1 2013). Windows smaller than 2.5 square
meters can simultaneously reduce energy costs and reduce bird collisions. Reducing the
window to wall ratio (WWR) is expected to have three distinct but interactive effects on
building energy usage because:
1. there is less glazed area and more opaque wall area, the overall U-factor should go
down; implying reduced heat transfer through the walls. This lower U-factor should lead
to lower heating loads in the winter and lower cooling loads in the summer.
2. Less glazed area typically equates to less solar heat gain. Lower solar heat gain implies
higher heating loads in the winter and lower cooling loads in the summer.
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3. Because there is less glazed area, there is less natural daylight entering the building. For
buildings with daylighting controls, this means that interior lighting loads may increase
during the day. For buildings without daylighting controls, the lighting loads may or may
not change, depending on how occupants perceive and react to the reduced light from
the windows.
If unable to use bird-safe glass then features such as awnings, lattice-work, louvers, mesh,
double-skin façades, shutters, and other creative strategies should be integrated into the
building or facility design. Avoid building clear glass corridors, skyways, walkways, building
connectors, or courtyards without considering the risk of bird collisions. Glass installed in all
facilities should be fritted, etched, frosted, or include UV-patterns. Overall, it’s important to
work toward reducing the amount, reflectivity, and transparency of glass.
For more information consider the design guidelines in New York City’s bird-friendly design
legislation and LEED Pilot Credit 55: Bird Collision Deterrence recommendations for new
construction. In addition, the American Bird Conservancy’s offers bird-friendly building design
literature and a class for continuing education credits with LEED and the American Institute of
Architects.
U.S. Department of Energy’s (DOE) Building Technologies Office (BTO) offers several free
building energy modeling programs including EnergyPlus™ (https://energyplus.net/).
Engineers, architects, and researchers can use EnergyPlus to simulate and model energy
consumption while incorporating bird safe building measures in different thermal zone
conditions and geographic areas. Models include heating, cooling, ventilation, lighting and plug,
and process loads for an entire building; with the opportunity to evaluate lighting control
strategies, advanced fenestration models with controllable window blinds, electrochromic
glazings, and layer-by-layer heat balances that calculate solar energy absorbed by window
panes. EnergyPlus™ is open-source and cross-platform that runs on the Windows, Mac OS X,
and Linux operating systems.
Communications
Federal agencies, especially those with visits from the public, such as refuges and fish
hatcheries, have an opportunity to share information about effective ways to reduce bird
collisions. We encourage you to develop interpretive information to share what measures you
take at your facility and why it is important for bird conservation.
https://abcbirds.org/wp-content/uploads/2017/04/Save-birds-2017.pdf
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Agencies have an opportunity to address the magnitude of bird losses with tangible actions that
result in measurable conservation outcomes. Ensuring facilities glass is bird-safe brings us a
step closer to reducing the loss of migratory birds. For more information please contact:
Joelle_Gehring@FWS.gov or Eric_Kershner@FWS.gov

10

ATTACHMENT C

Phosphorus: Sources, Forms,
Impact on Water Quality
- A General Overview
Water Quality #Impaired Waters #3.12 • July 2007

Regional Division

Because
phosphorus
changes form, most
scientists measure
total phosphorus
rather than any
single form to
determine the
amount of nutrient
that can feed the
growth of aquatic
plants such as
algae.

MPCA Area Offices
Brainerd:
218/828-2492
Detroit Lakes:
218/847-1519
Duluth:
218/723-4660
Mankato:
507/389-5977
Marshall:
507/537-7146
Rochester:
507/285-7343
St. Paul:
651/296-6300
800/657-3864
Willmar:
320/214-3786

P

hosphorus is an essential
nutrient for plants, animals
and humans. It is one of the
20 most abundant elements in the
solar system, and the 11th most
abundant in the earth’s crust. Under
natural conditions phosphorus (P) is
typically scarce in water. Human
activities, however, have resulted in
excessive loading of phosphorus into
many freshwater systems. This can
cause water pollution by promoting
excessive algae growth, particularly
in lakes. Lakes that appear relatively clear
in spring can resemble green soup in late
summer due to algae blooms fueled by
phosphorus. Water quality can be further
impaired when bacteria consume dead
algae and use up dissolved oxygen,
suffocating fish and other aquatic life.
In some water bodies, the concentration of
phosphorus is low enough to limit the
growth of algae and/or aquatic plants. In
this case, scientists say phosphorus is the
limiting nutrient. For example, in water
bodies having total phosphorus
concentrations less than 10 parts per billion
(1 ppb – equal to one drop in a railroad
tank car), waters will be nutrient-poor and
will not support large quantities of algae
and aquatic plants. At the other extreme,
total phosphorus levels of 100 or more ppb
categorize lakes as highly eutrophic, with
high nutrient and algae levels.

Sources of Phosphorus
Under normal water flows, roughly twothirds of the total phosphorus load to lakes
and rivers comes from nonpoint sources
such as runoff from pasture and croplands,

atmospheric deposition and stream bank
erosion. Phosphorus loading contributed
by runoff from pastures and croplands is
largest source of nonpoint phosphorus on a
statewide basis. Other nonpoint sources
include urban runoff, non-agricultural rural
runoff and seepage from individual sewage
treatment systems.
Approximately 30 percent of the
phosphorus load to Minnesota waters
comes from point sources such as
municipal and industrial wastewater
treatment facilities. The magnitude of
various sources of phosphorus varies
greatly throughout the state due to the
diverse nature of Minnesota’s watersheds.
(“Detailed Assessment of Phosphorus
Sources to Minnesota Watersheds,”
MPCA, February 2004).

Forms of Phosphorus
Phosphorus in water exists in two main
forms: dissolved (soluble) and particulate
(attached to or a component of particulate
matter). Ortho phosphorus is the primary
dissolved form of phosphorus and is

wq-iw3-12
Minnesota Pollution Control Agency • 520 Lafayette Rd. N., St. Paul, MN 55155-4194 • www.pca.state.mn.us
651-296-6300 • 800-657-3864 • TTY 651-282-5332 or 800-657-3864 • Available in alternative formats

ATTACHMENT C
More than three-fourths of total
phosphorus in the Minnesota River
is immediately or eventually available
for algae growth

Lake Pepin and Minnesota River Total Maximum Daily
Load projects keep track of both particulate and
dissolved forms of phosphorus.

MPCA Phosphorus Strategy
Controlling phosphorus is an important part of
protecting Minnesota's water resources. In 1996 MPCA
developed a comprehensive phosphorus strategy. The
strategy was adopted in March of 2000. Information is
available on the Web at:
www.pca.state.mn.us/water/phosphorus.html.
In February 2004, the MPCA submitted a report to the
legislature entitled a “Detailed Assessment of
Phosphorus Sources to Minnesota Watersheds” (cited on
previous page). The report evaluates sources of
phosphorus to Minnesota’s surface waters and to
municipal wastewater
www.pca.state.mn.us/hot/legislature/reports/phosphorusreport.html.
Phosphorus Management Plans (PMP) will be
recommended or required in many new or reissued
National Pollutant Discharge Elimination System
permits. PMPs are a tool being used to determine if
public wastewater treatment facilities and industrial
wastewater dischargers contribute substantial loads of
total phosphorus that could be reduced through pollution
prevention or improved wastewater treatment methods.

Source: William F. James, Eau Galle Aquatic Ecology Laboratory

readily available to algae and aquatic plants. Most of the
phosphorus discharged by wastewater treatment facilities
is in the dissolved form.
Particulate phosphorus can change from one form to
another (called cycling) in response to a variety of
environmental conditions. A portion of particulate
phosphorus is contained in organic matter such as algae,
plant and animal tissue, waste solids, or other organic
matter. Microbial decomposition of organic compounds
can convert organic particulate P to dissolved P. Some
of the P in soil mineral particles can also be converted to
dissolved P both in the water column and during
chemical and physical changes in bottom sediment.
Only the most tightly bound forms of particulate
phosphorus such as aluminum-bound phosphorus are not
generally available for algal growth.

Minnesota River Basin Phosphorus Permit
In December 2005 the MPCA issued a general NPDES
permit limiting the amount of phosphorus discharged at
156 municipal and industrial discharges in the
Minnesota River Basin from the outlet of the Lac Qui
Parle reservoir to the city of Shakopee. The Phase I goal
is an aggregate 35% staged reduction in phosphorus
discharged to the basin by 2010. Phase II (2010-15) sets
a goal of the 1 mg/L phosphorus limit on all facilities
discharging more than 1,800 pounds of phosphorus per
year and to guarantee that there is no net increase in the
amount of phosphorus discharged to the basin. More
information is available on the Web at
www.pca.state.mn.us/water/basins/mnriver/mnriverphosphoruspermit.html.

Because phosphorus changes form, most scientists
measure total phosphorus rather than any single form to
determine the amount of nutrient that can feed the
growth of aquatic plants such as algae.

Minnesota River Basin-Lake Pepin
Three major river basins empty into Lake Pepin in
southeastern Minnesota – St. Croix, Upper Mississippi,
and the Minnesota. Lake Pepin is listed as an impaired
water due to sediment and eutrophication (excessive
nutrients and algae). The Minnesota River contributes a
majority of the sediment. In a highly turbid water body
such as the Minnesota River, much of the phosphorus
load is attached to eroded soil particles, especially at
higher flows. Much of the particulate phosphorus in the
Minnesota River converts to the soluble that can become
available to algae. This occurs in several ways: chemical
and physical change (diagenesis) of sediment in the river
or lake bed, interaction with dissolved chemicals in the
water, and decay of organic P releasing dissolved
phosphorus from soil particles. Models being used in the

For More Information
Contact Dennis Wasley, 651-296-8660.
dennis.wasley@pca.state.mn.us.
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NATIONWIDE STANDARD CONSERVATION MEASURES
Listed below are effective measures that should be employed at all project development sites
nationwide with the goal of reducing impacts to birds and their habitats. These measures are
grouped into three categories: General, Habitat Protection, and Stressor Management. These
measures may be updated through time. We recommend checking the Conservation Measures
website regularly for the most up-to-date list.
1. General Measures
a. Educate all employees, contractors, and/or site visitors of relevant rules and regulations
that protect wildlife. See the Service webpage on Regulations and Policies for more
information on regulations that protect migratory birds.
b. Prior to removal of an inactive nest, ensure that the nest is not protected under the
Endangered Species Act (ESA) or the Bald and Golden Eagle Protection Act (BGEPA).
Nests protected under ESA or BGEPA cannot be removed without a valid permit.
i. See the Service Nest Destruction Policy
c. Do not collect birds (live or dead) or their parts (e.g., feathers) or nests without a valid
permit. Please visit the Service permits page for more information on permits and permit
applications.
d. Provide enclosed solid waste receptacles at all project areas. Non-hazardous solid waste
(trash) would be collected and deposited in the on-site receptacles. Solid waste would be
collected and disposed of by a local waste disposal contractor. For more information
about solid waste and how to properly dispose of it, see the EPA Non-Hazardous Waste
website.
e. Report any incidental take of a migratory bird, to the local Service Office of Law
Enforcement.
f. Consult and follow applicable Service industry guidance.
2. Habitat Protection
a. Minimize project creep by clearly delineating and maintaining project boundaries
(including staging areas).
b. Consult all local, State, and Federal regulations for the development of an appropriate
buffer distance between development site and any wetland or waterway. For more
information on wetland protection regulations see the Clean Water Act sections 401 and
404.
c. Maximize use of disturbed land for all project activities (i.e., siting, lay-down areas, and
construction).
d. Implement standard soil erosion and dust control measures. For example:
i. Establish vegetation cover to stabilize soil
ii. Use erosion blankets to prevent soil loss
iii. Water bare soil to prevent wind erosion and dust issues
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3. Stressor Management
Stressor: Vegetation Removal
Conservation Goal: Avoid direct take of adults, chicks, or eggs.
Conservation Measure 1: Schedule all vegetation removal, trimming, and grading of
vegetated areas outside of the peak bird breeding season to the maximum extent practicable.
Use available resources, such as internet-based tools (e.g., the FWS’s Information, Planning
and Conservation system and Avian Knowledge Network) to identify peak breeding months
for local bird species; or, contact local Service Migratory Bird Program Office for breeding
bird information.
Conservation Measure 2: When project activities cannot occur outside the bird nesting
season, conduct surveys prior to scheduled activity to determine if active nests are present
within the area of impact and buffer any nesting locations found during surveys.
1) Generally, the surveys should be conducted no more than five days prior to scheduled
activity.
2) Timing and dimensions of the area to be surveyed vary and will depend on the nature
of the project, location, and expected level of vegetation disturbance.
3) If active nests or breeding behavior (e.g., courtship, nest building, territorial defense,
etc.) are detected during these surveys, no vegetation removal activities should be
conducted until nestlings have fledged or the nest fails or breeding behaviors are no
longer observed. If the activity must occur, establish a buffer zone around the nest
and no activities will occur within that zone until nestlings have fledged and left the
nest area. The dimension of the buffer zone will depend on the proposed activity,
habitat type, and species present and should be coordinated with the local or regional
Service office.
4) When establishing a buffer zone, construct a barrier (e.g., plastic fencing) to protect
the area. If the fence is knocked down or destroyed, work will suspend wholly, or in
part, until the fence is satisfactorily repaired.
5) When establishing a buffer zone, a qualified biologist will be present onsite to serve
as a biological monitor during vegetation clearing and grading activities to ensure no
take of migratory birds occurs. Prior to vegetation clearing, the monitor will ensure
that the limits of construction have been properly staked and are readily identifiable.
Any associated project activities that are inconsistent with the applicable conservation
measures, and activities that may result in the take of migratory birds will be
immediately halted and reported to the appropriate Service office within 24 hours.
6) If establishing a buffer zone is not feasible, contact the Service for guidance to
minimize impacts to migratory birds associated with the proposed project or removal
of an active nest. Active nests may only be removed if you receive a permit from your
local Migratory Bird Permit Office. A permit may authorize active nest removal by a
qualified biologist with bird handling experience or by a permitted bird rehabilitator.
Conservation Measure 3: Prepare a vegetation maintenance plan that outlines vegetation
maintenance activities and schedules so that direct bird impacts do not occur.
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Stressor: Invasive Species Introduction
Conservation Goal: Prevent the introduction of invasive plants.
Conservation Measure 1: Prepare a weed abatement plan that outlines the areas where weed
abatement is required and the schedule and method of activities to ensure bird impacts are
avoided.
Conservation Measure 2: For temporary and permanent habitat restoration/enhancement,
use only native and local (when possible) seed and plant stock.
Conservation Measure 3: Consider creating vehicle wash stations prior to entering
sensitive habitat areas to prevent accidental introduction of non-native plants.
Conservation Measure 4: Remove invasive/exotic species that pose an attractive nuisance
to migratory birds.
Stressor: Artificial Lighting
Conservation Goal: Prevent increase in lighting of native habitats during the bird breeding
season.
Conservation Measure 1: To the maximum extent practicable, limit construction activities
to the time between dawn and dusk to avoid the illumination of adjacent habitat areas.
Conservation Measure 2: If construction activity time restrictions are not possible, use
down shielding or directional lighting to avoid light trespass into bird habitat (i.e., use a
'Cobra' style light rather than an omnidirectional light system to direct light down to the
roadbed). To the maximum extent practicable, while allowing for public safety, low intensity
energy saving lighting (e.g. low pressure sodium lamps) will be used.
Conservation Measure 3: Minimize illumination of lighting on associated construction or
operation structures by using motion sensors or heat sensors.
Conservation Measure 5: Bright white light, such as metal halide, halogen, fluorescent,
mercury vapor and incandescent lamps should not be used.
Stressor: Human Disturbance
Conservation Goal: Minimize prolonged human presence near nesting birds during
construction and maintenance actions.
Conservation Measure 1: Restrict unauthorized access to natural areas adjacent to the
project site by erecting a barrier and/or avoidance buffers (e.g., gate, fence, wall) to minimize
foot traffic and off-road vehicle uses.
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Stressor: Collision
Conservation Goal: Minimize collision risk with project infrastructure and vehicles.
Conservation Measure 1: Minimize collision risk with project infrastructure (e.g.,
temporary and permanent) by increasing visibility through appropriate marking and design
features (e.g., lighting, wire marking, etc.).
Conservation Measure 2: On bridge crossing areas with adjacent riparian, beach, estuary, or
other bird habitat, use fencing or metal bridge poles (Sebastian Poles) that extend to the
height of the tallest vehicles that will use the structure.
Conservation Measure 3: Install wildlife friendly culverts so rodents and small mammals
can travel under any new roadways instead of over them. This may help reduce raptor deaths
associated with being struck while tracking prey or scavenging road kill on the roadway.
Conservation Measure 4: Remove road-kill carcasses regularly to prevent scavenging and
bird congregations along roadways.
Conservation Measure 5: Avoid planting “desirable” fruited or preferred nesting
vegetation in medians or Rights of Way.
Conservation Measure 6: Eliminate use of steady burning lights on tall structures (e.g.,
>200 ft).
Stressor: Entrapment
Conservation Goal: Prevent birds from becoming trapped in project structures or perching
and nesting in project areas that may endanger them.
Conservation Measure 1: Minimize entrapment and entanglement hazards through project
design measures that may include:
1. Installing anti-perching devices on facilities/equipment where birds may commonly
nest or perch
2. Covering or enclosing all potential nesting surfaces on the structure with mesh
netting, chicken wire fencing, or other suitable exclusion material prior to the nesting
season to prevent birds from establishing new nests. The netting, fencing, or other
material must have no opening or mesh size greater than 19 mm and must be
maintained until the structure is removed.
3. Cap pipes and cover/seal all small dark spaces where birds may enter and become
trapped.
Conservation Measure 2: Use the appropriate deterrents to prevent birds from nesting on
structures where they cause conflicts, may endanger themselves, or create a human health
and safety hazard.
1. During the time that the birds are trying to build or occupy their nests (generally ,
between April and August, depending on the geographic location), potential nesting
4
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surfaces should be monitored at least once every three days for any nesting activity,
especially where bird use of structures is likely to cause take. It is permissible to
remove non-active nests (without birds or eggs), partially completed nests, or new
nests as they are built (prior to occupation). If birds have started to build any nests,
the nests shall be removed before they are completed. Water shall not be used to
remove the nests if nests are located within 50 feet of any surface waters.
2. If an active nest becomes established (i.e., there are eggs or young in the nest), all
work that could result in abandonment or destruction of the nest shall be avoided until
the young have fledged or the nest is unoccupied. Construction activities that may
displace birds after they have laid their eggs and before the young have fledged
should not be permitted. If the project continues into the following spring, this cycle
shall be repeated. When work on the structure is complete, all netting shall be
removed and properly disposed of.
Stressor: Noise
Conservation Goal: Prevent the increase in noise above ambient levels during the nesting
bird breeding season.
Conservation Measure 1: Minimize an increase in noise above ambient levels during
project construction by installing temporary structural barriers such as sand bags
Conservation Measure 2: Avoid permanent additions to ambient noise levels from the
proposed project by using baffle boxes or sound walls.
Stressor: Chemical Contamination
Conservation Goal: Prevent the introduction of chemicals contaminants into the
environment.
Conservation Measure 1: Avoid chemical contamination of the project area by
implementing a Hazardous Materials Plan. For more information on hazardous waste and
how to properly manage hazardous waste, see the EPA Hazardous Waste website.
Conservation Measure 2: Avoid soil contamination by using drip pans underneath
equipment and containment zones at construction sites and when refueling vehicles or
equipment.
Conservation Measure 3: Avoid contaminating natural aquatic and wetland systems with
runoff by limiting all equipment maintenance, staging laydown, and dispensing of fuel, oil,
etc., to designated upland areas.
Conservation Measure 4: Any use of pesticides or rodenticides shall comply with the
applicable Federal and State laws.
1. Choose non-chemical alternatives when appropriate
2. Pesticides shall be used only in accordance with their registered uses and in
accordance with the manufacturer’s instructions to limit access to non-target
species.
5
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3. For general measures to reducing wildlife exposure to pesticides, see EPA’s
Pesticides: Environmental Effects website.
Stressor: Fire
Conservation Goal: Minimize fire potential from project-related activities.
Conservation Measure 1: Reduce fire hazards from vehicles and human activities (e.g., use
spark arrestors on power equipment, avoid driving vehicles off road).
Conservation Measure 2: Consider fire potential when developing vegetation management
plans by planting temporary impact areas with a palate of low-growing, sparse, fire resistant
native species that meet with the approval of the County Fire Department and local FWS
Office.
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Only 3% of land on Earth remains ecologically intact
|
(CN) — Humans have done a bang-up job branching out across the Earth’s surface in recent centuries, so much so that

few lands remain untouched. Even fewer can be considered functionally intact — regions whose plant and animal life
remain mostly as they were 500 years ago.
When one sees a wilderness area in a national park, it’s usually somewhat of a misnomer — merely the closest
approximation available. A truly intact wilderness area would include all its original plant and animal species in their
proper numbers, at least those dating back to the year 1500, according to the authors of a new study.
Researchers from the Key Biodiversity Areas Secretariat at Cambridge looked at undeveloped land around the world to
determine what exactly qualiﬁes as “intact habitat,” and tried to ﬁgure out how much is left. They published
their results Wednesday in the journal Frontiers in Forests and Global Change.
“We know intact habitat is increasingly being lost and the values of intact habitat have been demonstrated for both
biodiversity and people,” said Andrew Plumptre, lead author of the study, in a related statement. “But this study found
that much of what we consider as intact habitat is missing species that have been hunted by people, or lost because of
invasive species or disease.”
The authors distinguished between three types of intactness that together make up ecological integrity. Habitat
intactness, meaning there’s no sign of human disturbance nearby. Faunal intactness occurs when an area retains all the
original animal species known to reside there after a certain date. Finally, functional intactness, the gold standard, is
achieved when animal numbers in a region remain high enough to support a healthy functioning ecosystem.
“Areas identiﬁed as functionally intact included east Siberia and northern Canada for boreal and tundra biomes, parts of
the Amazon and Congo basin tropical forests, and the Sahara Desert,” the authors explained in their study.
In other words, Earth’s last remaining functionally intact ecosystems are synonyms for some of the most remote
outposts on the planet.
Past studies claimed as much as 40% of land remained free from human development, however Plumptre and his team
approached the question a different way. Instead, they looked at overall ecological integrity, rather than human impact
alone, since many crucial species in those regions had long since gone extinct or ﬂed. Remove a major predator, a key
plant, or even a helpful insect from an ecosystem and you no longer have balance, you have a house of cards.
The authors believe conservation efforts should focus on the few areas of the planet that remain ecologically intact, or
close to it, and attempt to preserve and expand them while it’s still possible. The authors pieced together a series of
datasets examining species loss at various sites to determine the number and ecological importance of the missing
species.
Based on the data they collected, less than 3% of lands studied remain in the same condition with the same animal
species that were found there 500 years ago. Because animals, especially large mammals, are the key piece missing
from large swaths of otherwise intact land, they claim those lands could be increased substantially through conservation
efforts focused on reintroducing native species that are not yet extinct.
https://missoulacurrent.com/outdoors/2021/04/earth-ecologically-intact/?print=print
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“The results show that it might be possible to increase the area with ecological intactness back to up to 20% through the
targeted reintroductions of species that have been lost in areas where human impact is still low, provided the threats to
their survival can be addressed and numbers rebuilt to a level where they fulﬁl their functional role,” Plumptre said in a
related statement.
Among other threats to their survival, hunting has taken a heavy toll on important species dating back centuries. The
impact caused by hunters can be hard to quantify because they can reach deep into untouched habitat, spending days or
weeks moving around between camps, and they’re impossible to track remotely with satellites and sensors. Previous
research found that mammal populations have lost 29% of their natural habitats as a result of overhunting by humans.
“Human footprint indices can play an essential role in identifying areas with potential for ecological restoration through
reintroduction of extirpated species, as there will typically be fewer barriers to successful restoration in areas with low
human footprint,” explained the authors in their study. “As the world develops the next goals and targets for
the Convention on Biological Diversity under the post 2020 global biodiversity framework, ‘intact habitat’ has been
recognized as an important target.”

https://missoulacurrent.com/outdoors/2021/04/earth-ecologically-intact/?print=print
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Technical Memorandum
To:

Marvin Hora, Greg Gross, and Dennis Wasley, Minnesota Pollution Control Agency.

From:

Cliff Twaroski, Nadine Czoschke, Tim Anderson

Subject:

Detailed Assessment of Phosphorus Sources to Minnesota Watersheds - Atmospheric
Deposition: 2007 Update

Date:

June 29, 2007

Project:

23/62-853 PHS3 001

c:

Greg Wilson, Henry Runke

Introduction
The purpose of this memorandum is to provide an updated discussion about Atmospheric Deposition as a
source of phosphorus to Minnesota watersheds. This discussion builds upon an analysis conducted in
2003 for the Minnesota Pollution Control Agency (MPCA) and is based on a review of the available
literature, consideration of monitoring data and other available support data, and includes the results of
phosphorus loading computations for each of Minnesota’s ten major watershed basins. This memorandum
is intended to:
•

Provide an overview and introduction to the atmosphere as a source of phosphorus

•

Describe the results of the literature search and review of available monitoring data

•

Discuss the characteristics of each watershed basin as it pertains to this source of phosphorus

•

Describe the methodology used to complete the phosphorus loading computations and
assessments for this study

•

Provide updated estimates of wet and dry phosphorous deposition for each major water basin and
compare the updated deposition estimates to the 2003 estimates.

•

Discuss the results of the phosphorus loading computations and assessments

•

Discuss any new findings from the 2007 analysis regarding background phosphorus deposition
and the potential significance of agricultural land use on deposition estimates

•

Discuss the uncertainty of the phosphorus loading computations and assessment

•

Provide recommendations for future refinements to phosphorus loading estimates and methods
for reducing error terms

P:\Mpls\23 MN\62\2362853 P study\WorkFiles\ADDT\Task 7\2007 calculations\ATMO Tech Memo 2007-06-29.doc

ATTACHMENT C
Technical Memorandum
To:
Marvin Hora, Greg Gross, and Dennis Wasley, Minnesota Pollution Control Agency
From:
Cliff Twaroski ,Nadine Czoschke, Tim Anderson
Subject: Detailed Assessment of Phosphorous Sources to Minnesota Watersheds – Atmospheric Deposition: 2007 Update
Date:
June 29, 2007
Page:
2

•

Provide recommendations for lowering phosphorus export from this source

Follow-up work to the February 2004 report on the Statewide Phosphorus Study was conducted in April
through June 2006. The work in 2006 evaluated the following aspects of atmospheric P deposition:
•

A literature review on atmospheric phosphorus deposition to identify new literature since 2002.

•

Refine the estimates of atmospheric P deposition:
o

Evaluate the potential geographic variation in the relationship between phosphorus and
calcium concentrations in wet deposition.

•

o

Update the relationship between calcium and phosphorus in dry deposition.

o

Identify the seasonal variations in dry deposition in Minnesota.

o

Potential sources of atmospheric phosphorus as identified through emission estimates.

o

Size distribution of PM in different land use areas in Minnesota.

Estimate the proportion of phosphorus deposition from agricultural wind erosion
o

determine the utility of calcium as a marker for soil in both wet and dry deposition.

o

Examine the gradients in phosphorus deposition as seen in soil markers across
Minnesota.

The analyses were summarized for MPCA in a June 14, 2006 memorandum. An assessment of the
available data identified that the relationship of [P] and [Ca] in precipitation could not be refined,
seasonality in particle concentrations was not readily apparent, other elements do not improve the
prediction of precipitation [P] or particle [P], and partitioning out the contribution of atmospheric P to
agricultural runoff could not be accomplished using the available data. However, the work in 2006
identified the following items to be useful in updating estimates of atmospheric P deposition:
•

Use of area-weighting or other techniques to interpolate/extrapolate wet and/or dry deposition in
the areas between monitoring stations to improve deposition estimates, specifically along basin
boundaries.

•

Use of particle size distributions from the IMPROVE monitoring network sites located in
Minnesota to enhance dry deposition estimates.

•

Actual monitored particle P concentrations for use in the dry deposition estimates.
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These items have been incorporated into the updated 2007 deposition estimates and are discussed in more
detail in the following sections of the report.

Overview of Atmospheric Sources of Phosphorus
The importance of nutrient contributions to Minnesota’s ecosystems has been recognized for some time
(Verry and Timmons, 1977; Axler et al., 1994). Phosphorus in the atmosphere can be derived from a
number of sources, including natural sources such as pollen, soil (from wind erosion) and forest fires, as
well as anthropogenic sources such as fertilizer application and oil and coal combustion (Pierrou 1976).
Agricultural activities (pre-planting field preparations, harvesting) can increase the amount of soil-derived
phosphorus in the atmosphere (Carpenter et al, 1998). Phosphorus can also be released into the
atmosphere in vapor form from various materials (sewage sludge, landfills) by microbial reduction
processes (Brunner and Bachofen, 2000). However, the predominant form of phosphorus in the
atmosphere is as particle-bound phosphorus (Pierrou 1976).

The atmosphere contributes phosphorus and phosphorus-containing material to terrestrial and aquatic
ecosystems by wet (precipitation in various forms such as rain, sleet or snow) and dry (very small
particles) deposition. Previous work by Pratt et al. (1996) indicates that dry deposition of particles is
important to Minnesota ecosystems. Federal agencies have also recognized the importance of dry
deposition to ecosystem health (NOAA-ARL, 2003). Subsequently, considerable effort has gone into
deriving estimates of dry deposited phosphorus for this project.

Results of Literature Search and Review of Available Monitoring Data
A. Literature Review
Some previous estimates of phosphorus deposition for Minnesota and Wisconsin are provided in Table 1
below, ranging from a low of 0.05 kilograms per hectare per year (kg ha-1 yr-1) in northern Wisconsin
(Rose, 1993; Robertson, 1996) to 0.48 kg ha-1 yr-1 for north central Minnesota (Verry and Timmons,
1977).
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Table 1. Estimates of phosphorus deposition in Minnesota and Wisconsin.
Deposition Estimate (kg
ha-1 yr-1)
0.48

0.15

0.3 – 0.4

0.05
0.05
0.2

Description
Annual precipitation input of total phosphorus
for a precipitation year representative of the
western Great Lakes region (data collected in
north central Minnesota).
Estimated total atmospheric phosphorus in the
northern Minnesota; input data for the Minnesota
Pollution Control Agency’s (MPCA) watershed
modeling.
Estimated total atmospheric phosphorus in the
southern and western part of Minnesota; input
data for the MPCA’s watershed modeling.
Total atmospheric phosphorus deposition in
northern Wisconsin’s forest region.
Precipitation total phosphorus loading to Lake
Michigan.
Estimated total atmospheric phosphorus
deposition in southeast Wisconsin’s agricultural
areas.

Reference
Verry and Timmons, 1977
(Table 5)

Wilson, 2003

Wilson, 2003

Rose, 1993 (northwest WI)
Robertson, 1996 (northeast WI)
Miller et al., 2000
Robertson, 1996

A cursory check on the availability of phosphorus deposition information and data was made for other
states. Information on phosphorus Total Maximum Daily Load (TMDL) was reviewed for Lake
Champlain (Vermont Agency of Natural Resources and New York State Department of Environmental
Conservation, 2002) and for four watersheds in Kansas (Mau and Christensen, 2001). Deposition data
were also reviewed for Florida (Dixon et al., 1998; Grimshaw and Dolske, 2002; Pollman et al., 2002;
Sigua and Tweedale, 2003), Colorado (Mast et al., 2003), New Jersey (Koelliker et al., 2004) and New
York (Hu et al., 1998). However, due to these states being distant from Minnesota, it was uncertain as to
the applicability of the data to Minnesota’s watersheds. Therefore, for the purpose of estimating
phosphorus deposition to Minnesota River basins and watersheds within basins, data from other states
was not considered applicable.
Biomass burning is indicated as a possible source of atmospheric phosphorus in the Lake Tahoe area
(Zhang et al., 2002), Tanzania (Tamatamah et al., 2005), and in the Amazon River basin (Mahowold et al.
2005). Such studies suggest that periods of intense prescribed burns or forest fires may increase the
ambient phosphorus content of PM and thus result in temporarily, or seasonally, higher phosphorus
deposition. Emission inventory data and ambient air monitoring data are not available from Minnesota to
assess the potential contributions from biomass burning or fuel combustion.
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The gaseous form of phosphorus, phosphine, has been linked to soil as a potential source. However there
is no indication that agricultural soils would be a larger source of phosphine than other soils, nor is it clear
if phosphine is a participant in the wet or dry deposition of phosphorus (Glindemann, et al., 2005).
Pierrou (1976) identifies there are no stable gaseous phosphorus compounds and that phosphorus only
exists adsorbed on particulate matter in the atmosphere.

The literature review indicates that limited data are available from Minnesota sources to estimate
phosphorus deposition to the state’s river basins. The previous best source of information for
precipitation input (wet deposition) of phosphorus to Minnesota watersheds is Verry and Timmons
(1977). Specific estimates of dry deposited phosphorus in Minnesota were not found in the literature
review.

The goal for this work in 2007 is to provide an updated estimate of total (wet + dry) phosphorus
deposition to surface waters and wetland areas in Minnesota. The updated wet deposition estimates
follow the same approach used in the 2003 analysis (relying on 1) the established relationship of
measured calcium [Ca] and phosphorus [P] concentrations in precipitation at reference sites, and 2) a
developed regression equation of [Ca]:[P] to estimate the [P] at other locations in the state based on
known [Ca]). The major change to methodology used to estimate wet deposition is the use of an areaweighting calculation for rainfall and [P] for each major river basin. The updated estimates of dry
phosphorous deposition now use measured phosphorus concentrations obtained from the analysis of
ambient particulate filters available from selected MPCA monitoring stations (MPCA 2005). The
following section discusses the data considered to be the best available at this time for providing updated
estimates of atmospheric phosphorus inputs to Minnesota’s river basins.

B. Available Data
The specific data used to provide an updated estimate of wet, dry and total phosphorus deposition for
Minnesota’s major river basins are described below.

Minnesota Pollution Control Agency
1. Nutrient (including phosphorus) and metal concentrations in precipitation from a special study
conducted from August 1999 to September 2001 at four monitoring sites in Minnesota
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2. Ambient phosphorous concentrations in particulate matter for samples collected at five
monitoring stations; four of the sites were included in the Statewide Air Toxics Monitoring
Study. This statewide study was active from 1996-2001. All samples analyzed from the 5 sites
for phosphorous were collected in 2000. These samples were analyzed by ICP-MS in 2006 and
2007 at the Minnesota Department of Health (MDH) laboratory. Monitor air flow data was
provided by the MPCA for these samples and calculations were then made to estimate ambient
phosphorous concentrations.
3. Concurrent measurements of PM10 and PM2.5 at five MPCA urban monitoring stations (19992003).

National Atmospheric Deposition Program (NADP)
1. Annual volume weighted calcium concentrations in precipitation for the period of record from
NADP sites located in, and adjacent to, Minnesota (Table 2).
2. Monthly volume weighted calcium concentrations for four sites (Fernberg, Marcell, Camp
Ripley, and Lamberton) for use in establishing the relationship between phosphorus and calcium
in precipitation for NADP sites.

Table 2. Annual volume-weighted calcium data obtained from National Atmospheric Deposition
Program (NADP) sites for Minnesota’s phosphorus assessment project.
Iowa

Wisconsin

Minnesota

North Dakota

South Dakota

Big Springs Fish Hatchery

Wildcat Mountain St. Pk.

Camp Ripley
Cedar Creek
Fond du Lac Res.
Fernberg (Ely)
Grindstone Lake
Hovland
Lamberton
Marcell Exp. Forest
Wolf Ridge (Finland)
Voyageurs Nat. Park

Icelandic St. Pk
Woodworth

Huron Well Field

Additional details on the MPCA and NADP datasets are described in more detail in the next subsection.

Interagency Monitoring of Protected Visual Environments (IMPROVE)
Concentrations of fine and coarse particulate matter for the period of record at four monitoring sites
located in the north, southeast, and southwest parts of Minnesota. The two northern sites (the Boundary
Waters Canoe Area Wilderness site and the Voyageurs National Park site) are used to estimate the fine
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and coarse particulate fractions in forested areas. The sites in Blue Mounds State Park in the southwest
corner of the state and Great River Bluffs State Park in the southeast corner of the state are used to
estimate the fine and coarse particulate fractions in agricultural areas.

Minnesota Department of Natural Resources, State Climatology Office
Annual normal precipitation amount for each river basin basis was obtained from the State Climatology
Office. The derivation of the annual normal precipitation amount for each basin, and the dataset used by
the State Climatology Office, is discussed in the Basin Hydrology Technical Memorandum for this
project. Determinations of 10, 50 and 90% precipitation levels are described in the calculation
methodology below.

C. Additional Discussion of the MPCA and NADP Data

Nutrient and metal concentrations in precipitation
1. Phosphorus in Precipitation Study.
A special two-year study (August 1999 – September 2001) was conducted by the St. Croix
Watershed Research Station of the Science Museum of Minnesota to determine nutrient and metal
concentrations in precipitation in Minnesota. Precipitation sampling equipment was co-located at
four National Atmospheric Deposition Program (NADP) monitoring sites in Minnesota:
Fernberg Road (Ely), Marcell, Camp Ripley, and Lamberton (Engstrom et al., 2003). Samples
were collected on a 4-week basis, acidified with a small amount of acid, and analyzed for various
chemical components, including total calcium and total phosphorus. Appendix A provides
additional details regarding sample collection, sample analysis, and quality assurance/quality
control (QA/QC) for the phosphorus in precipitation project. The St. Croix Watershed Research
Station provided a full QA/QC program for sample collection and sample analysis and data
reporting, therefore no additional QA/QC was conducted on the data.

A limited amount of editing occurred in the special phosphorus in precipitation study dataset to
remove specific samples from the statistical analysis because the precipitation volume for that
sampling event did not match with the precipitation volume collected at the collocated NADP
sampler or NADP rain gauge. Following this data editing, the phosphorus concentrations from
the special study, along with NADP calcium data, were used to derive the relationship between
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phosphorus and calcium in precipitation for the four NADP monitoring sites. The relationship
between phosphorus and calcium in precipitation at these four NADP sites was then applied to
the entire state. Additional details on deriving the relationship between phosphorus and calcium
in precipitation and applying this relationship to the entire state are discussed in a later section of
this technical memorandum.

2. NADP calcium concentrations in precipitation.
a. Annual volume-weighted calcium concentrations were downloaded electronically from
the NADP website for the monitoring locations listed in Table 2. A separate data file was
downloaded for each monitoring site. These data files were then merged together for
ease of data manipulation and calculations.
b. Monthly volume-weighted calcium concentrations from four sites (Fernberg, Marcell,
Camp Ripley, and Lamberton) were downloaded electronically from the NADP website
for the 1999 – 2001 time period. The four NADP monitoring sites correspond to the
same sites where the special phosphorus in precipitation study was conducted by the St.
Croix Watershed Research Station. Separate data files were downloaded for each
monitoring site, and then merged with the data from the special phosphors in
precipitation study.

Particulate (PM10) and elemental concentrations
Data files for PM10 and phosphorous air concentrations were obtained from the MPCA for five sites
included in the Statewide Air Toxics Monitoring Study (1996-2001). These sites are Albert Lea,
Hutchinson, Mille Lacs, Perham and Silver Bay. Although the study spanned multiple years and sites,
only filters from these 5 sites sampled from October 1999 through September 2000 were available for
phosphorous analysis. For each site in operation during a given year, particulate filter samples were
collected for a 24-hour period every sixth day and submitted to the MPCA’s Air Quality Laboratory for
determining PM10 mass and longer term storage. Filter samples from the 5 sites were archived in the
MPCA’s Air Quality Laboratory until 2006-2007 when portions of the filters were submitted to the
Minnesota Department of Health (MDH) for analysis by ICP-MS for phosphorous content. Only about
10 samples from each site (spanning the time period Jan 2000 to Sept 2000) were analyzed for
phosphorous content. Two batches of filters were submitted for analysis to the MDH laboratory. The
laboratory data was subjected to quality assurance/quality control procedures as discussed below.
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Blank filters were analyzed at the same time as the sample filters. The first set of blank filters analyzed in
February 2007 were the same brand and from the same batch as those filters used in the particulate
sampling conducted for the Statewide Air Toxics Monitoring Study and these blank filters had been
stored in the same general area as the used filters. The second set of blank filters were also of the same
brand and batch as were used in the Statewide Air Toxics Monitoring Study, however, these blanks were
not stored in the same manner or location as the sample filters and the first batch of blank filters.

In this second batch of blank filters, some blanks had a very high phosphorous concentration. In
particular three of the blanks had a phosphorous concentration higher than any of the sample filters.
These three blanks from the second batch of blank filters were not included in the analysis and it was
assumed that the different storage conditions may have resulted in the non-representative blanks.

After determining the level of phosphorous in the blanks, there were two samples in the Mille Lacs
dataset that had phosphorous levels below the concentrations found on the blanks. These two samples
were subsequently eliminated from the Mille Lacs dataset to prevent a negative phosphorus concentration
from being used in calculating a site average. The removal of these two data points, however, may have
biased the Mille Lacs dataset toward the higher value samples. Also, one outlier was determined in the
Silver Bay dataset using a T-test (p-value = 0.00095). Other high value outliers have been previously
identified by the MPCA (2005) at the Silver Bay site for other parameters using other analysis techniques
and those data were removed from MPCA’s dataset. Subsequently, this data point in question was
eliminated from the Silver Bay dataset for this analysis.

Watershed Basin Characteristics
Atmospheric inputs of nutrients to watersheds are highly dependent upon precipitation amounts. For
sulfur and nitrogen, precipitation typically accounts for a majority (50-80%) of total inputs, while dry
deposition typically accounts for the balance of total inputs (Pratt et al., 1996). It is currently assumed
that precipitation inputs of phosphorus are important, but the limited data for phosphorus does not yet
provide a clear picture of the actual relationship between precipitation inputs versus dry deposition inputs.

Figure 1 provides a precipitation map of Minnesota, with normal annual precipitation isopleths shown in
conjunction with the river basin boundaries. In general, the eastern one quarter of the state receives 30+
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inches of precipitation while the western half of the state receives less than 25 inches of precipitation.
The most dramatic change in precipitation is from southeast to northwest, where in an average year,
precipitation amount can range from 33 to 34 inches in the southeast corner of the state to less than 20
inches in the northwest corner of the state. Given the assumption that precipitation is the predominant
source of atmospheric phosphorus for a river basin or specific watershed, the difference in precipitation
amounts within a river basin is expected to have a significant effect on phosphorus wet deposition
estimates.

Figure 1 shows that significant gradients in precipitation amount exist for the following basins:
-

Minnesota River: precipitation amount ranges from ~ 21 inches in the western tip (Big Stone
County) to ~ 31 in the southeast part of the basin (Faribault and Waseca Counties).

-

Mississippi River – Upper: precipitation amount ranges from ~ 25 inches in the west portion
(Pope to Beltrami Counties) to ~ 33 inches in the southeast corner in the Twin Cities metropolitan
area.

-

Red River: precipitation amount ranges from ~ 18 inches in the northwest corner of the basin
(Kittson County) to ~ 25 inches in the eastern protrusion in Koochiching and Beltrami Counties.

-

Rainy River: precipitation amount ranges from ~ 22 inches in the northwest corner (Lake of the
Woods County) to ~ 30 inches in the eastern edge along the Lake Superior Highlands (Lake
County).

The other river basins do not exhibit the notable difference in precipitation amount that is exhibited by the
basins listed above. Due to the notable difference in precipitation amount in the basins listed above,
estimates of wet phosphorus deposition can be significantly different depending upon the precipitation
data used for the estimate. For precipitation monitoring, an individual monitoring site can provide
representative data for the surrounding region if the site is adequately selected (NOAA-ARL, 2003).
However, precipitation amount within a basin, as well as from year-to-year, will influence the estimate of
wet phosphorus deposition. Thus, a grid-based calculation methodology is employed in the estimates
presented here (2007). This method considers the precipitation amount associated with the areas of
waters and wetlands in Minnesota. In addition, wet deposition is calculated for a dry year (10th
percentile), wet year (90th percentile) and average year (50th percentile) to provide a total range for wet
deposition estimates.
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Dry deposition is more dependent upon local site conditions; therefore, an individual monitoring site may
not be representative of the surrounding region because the controlling factors for dry deposition are
typically surface driven and may not be regionally representative (NOAA-ARL, 2003). For total
nitrogen, Pratt et al. (1996) estimated dry deposition to range from 9-17% of total N deposition,
depending upon location in the state and sampling year. Other researchers (Likens et al., 1990; Lindberg
et al., 1986) have identified dry deposition of nitrogen to account for as much as 40-60% of total
deposition. In addition, Lindberg et al. (1986) identified coarse particles contributing 83 times more
nitrogen than fine particles on an absolute basis. This earlier data on the importance of coarse particles
for dry deposition of nutrients is confirmed by Meyers (2003) based on work in Florida where large
particles greater than 10 microns in size accounted for only 15% of the particle mass but a more
significant amount of the phosphorus deposition. Based on the above discussion, it could reasonably be
expected that river basins with less precipitation will have more phosphorus being dry deposited (e.g.,
Red River, Cedar River, Minnesota River) while those river basins with higher precipitation would be
expected to have less phosphorus being dry deposited (e.g., Lake Superior). However, as noted by Verry
and Timmons (1977), river basins may still receive a notable input of particulate phosphorus due to large
regional precipitation or dust storm events. For example, signs of Saharan dust storms have been
observed in the particulate matter in rural Illinois (Kim et al., 2005).

Therefore, it may be possible that

regional events may limit the importance of local site influence for dry deposition inputs for some areas.
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Approach and Methodology for Phosphorus Loading Computations
The MPCA’s intent for this project is to provide an updated estimate of phosphorus deposition for each
river basin using the best available information from Minnesota.

A. Critical assumptions
Prior to initiating deposition calculations, a number of assumptions were made to assist in developing the
approach and methodology for wet and dry phosphorus deposition calculations. These critical
assumptions are listed below.

1. Deposition estimates are for surface waters only. Deposition estimates to terrestrial areas are not
estimated since the phosphorus loading will already be accounted for in the landform and soils
(runoff) estimates.

2. Deposition estimates are to be provided for three moisture regimes: low precipitation year,
average precipitation year, high precipitation year.

3. Wet deposition:
a. Phosphorus (P) is to be normalized to Ca for estimating [P] in precipitation. The
relationship of [Ca] to [P] in precipitation at the study sites is sufficiently strong to
extrapolate the relationship to other locations in the state.
b. For estimating wet deposition, the areas between monitoring stations may be represented
using area-weighted averages for precipitation.

4. Dry deposition:
a. PM10 filter samples analyzed for phosphorous content are from a nine month period
during the one year of monitoring conducted at a site and is considered to be
representative of an annual average. Because only 9 months of data are available,
seasonality in dry phosphorus deposition could not be adequately addressed.
b. The phosphorous content of particulate matter is consistent with land use/land cover
across the state; areas with similar land use/land cover having similar ambient
phosphorous concentrations.

ATTACHMENT C
Technical Memorandum
To:
Marvin Hora, Greg Gross, and Dennis Wasley, Minnesota Pollution Control Agency
From:
Cliff Twaroski ,Nadine Czoschke, Tim Anderson
Subject: Detailed Assessment of Phosphorous Sources to Minnesota Watersheds – Atmospheric Deposition: 2007 Update
Date:
June 29, 2007
Page:
14

c. Only urban/industrial areas in the GIS database with area equal or greater than 2500
contiguous acres (comparable to a medium sized city) are considered urban areas in the
calculation of dry deposition within a major river basin.
d. Coarse particulate matter (2.5 microns to 10 microns) is likely from local sources
(Redfield; Meyers 2003).

5. Data from a monitoring site (precipitation or particulate) is representative of surrounding areas.

6. Precipitation and PM10 filter samples were collected under “normal or typical” conditions with
regard to meteorology (average or typical year with regard to precipitation, no frequent large or
severe storm events, etc.).

B. Wet Deposition
The original methodology used to estimate wet phosphorus deposition in 2003 is detailed in the February
2004 report on the Statewide Phosphorus Study and in a technical memorandum (Barr Engineering Co.,
2003). The methodology used in this 2007 update is outlined below.

1. Establishing the relationship between phosphorus and calcium in precipitation.
a. NADP routinely analyzes rain samples for pH, alkalinity, major cations (including calcium
and potassium) and major anions (including sulfate, nitrate). Since calcium concentrations
are available for all samples that were analyzed, and calcium is a signature for soil
contributions, the relationship between phosphorus and calcium would need to be established.
The use of NADP data also provides some consistency in the data used for estimating wet
phosphorus deposition.
b. The best source of phosphorus in precipitation data is the special study conducted by the St.
Croix Watershed Research Station. The total phosphorus concentrations (hereafter denoted
as total [P]) in precipitation data was determined from August 1991 – September 2001 at 4
sites: Fernberg (Ely), Marcell, Camp Ripley, Lamberton; referred to as “reference sites”.
The special study also provided measurements of total [Ca] in precipitation.
c. An initial analysis identified that the total [Ca] from the special study was approximately two
times greater than the [Ca] reported by NADP for the same time period. The NADP does not
acidify samples; therefore the NADP reports dissolved [Ca]. To compensate for NADP
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reporting dissolved [Ca], and to provide the best estimate of [P] in precipitation from the
auxiliary (NADP) sites, it was determined that the relationship between [P] and [Ca] in
precipitation should be determined by using the total [P] concentrations from the special
study conducted by the St. Croix Watershed Research Station and the dissolved [Ca] reported
by NADP for these same “reference” sites.
d. The volume-weighted relationship on a sample-by-sample basis between total [P] in
precipitation and dissolved [Ca] in precipitation from NADP at these same reference sites
(collocated sampling occurred) was established by MPCA staff (Dr. Ed Swain, 2003) through
regression analysis:
y = 0.0671x - 0.4586 (R2 = 0.47)
Where:

y = Total phosphorus in micrograms per liter (µg/L)
x = NADP calcium (dissolved) in µg/L.

2. Extrapolating the relationship of [P] and [Ca] in precipitation to other locations.
a. The regression analysis based on total [P] and dissolved [Ca] concentrations for the reference
sites was then used to estimate [P] in precipitation at other NADP monitoring sites (referred
to as “auxiliary sites”). Annual volume-weighted [Ca] in precipitation data (annual volume
weighted average) were obtained for the auxiliary sites from NADP and the regression
equation from above was then used to estimate total [P] in precipitation for each auxiliary
site.
b. The auxiliary monitoring sites will supplement the information from the reference sites in
calculating wet phosphorus deposition to specific basins. Figure 2 shows the reference and
auxiliary sites where the point value of phosphorous concentrations in precipitation was
measured or estimated.

3. Calculating wet phosphorus deposition
Four data sets were necessary to estimate the annual wet deposition of phosphorous across the
State of Minnesota for dry, average and wet conditions. These data sets are: 1) distribution of the
average concentration of phosphorous in precipitation across the state, 2) water and wetlands
surfaces, 3) major river basins and 4) precipitation distribution (in inches) across the state for dry,
average and wet years.
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a. The kriging algorithm in Surfer software was used to develop a statewide distribution of
phosphorous concentration in precipitation based on the point value estimates of the [P] in
precipitation from the NADP reference and auxiliary sites. A one-kilometer grid for [P] in
µg/liter was interpolated and then imported into the ArcMap GIS program for further
analysis. Figure 3 shows the results of this process as well as the data locations.
b. Water and wetlands surfaces were extracted from the 1992 USGS National Landcover
Database (NLCD). The 1992 data were used for the 2007 estimates to be consistent with the
areas of waters and wetlands assessed in the 2003 estimate. The resulting data consisted of a
30 meter grid of surface waters across the state. All water/wetland areas were reclassified
with a value of 1; all upland areas were assigned a value of 0.
c. Major river basins were derived from data developed by the Minnesota DNR. The dataset
consists of 10 polygons representing the major river basins within the State of Minnesota.
d. Instead of a state-wide precipitation analysis, only basin average precipitation was used. For
this analysis, monthly precipitation data were used to develop 10, 50 and 90 percentile grids
for nearly the entire state. Monthly data for 1979 – 2002 from the State Climatology Group
was used to develop annual precipitation grids at 10 kilometer spacing across most of
Minnesota. A Pearson Type III distribution was then applied to each 10 kilometer grid point
and a 10, 50, and 90th percentile was extracted. These data were then used to develop a grid
of rainfall across the state for the three climatic conditions used. This grid was then divided
into the 10 polygons representing the major river basins in Minnesota. Figure 1 shows maps
of the three rainfall distributions.
e. A map calculation was performed in GIS by multiplying the [P], the rainfall amount and
water surface grids (including conversion factors). The result was a grid of wet phosphorous
deposition in units of mass. ArcMap Spatial Analyst was used to summarize the total mass of
phosphorus for each major river basin. An adjustment factor was used for each basin to
account for areas within a basin where no phosphorus concentration or rainfall data were
available. These areas are shown in gray in the rainfall distributions in Figure 1. To account
for these areas, an area weighting was done based on the ratio of total basin size and the area
of each basin for which data were available. The total P load calculated for each watershed
was multiplied by this ratio to derive the final wet deposition estimates.
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C. Dry Deposition
The methodology used in 2003 to estimate dry phosphorus deposition relied on the phosphorus and
calcium relationship in wet precipitation. The relationship of phosphorus and calcium in precipitation was
assumed to be similar for particles and the relationship was transferred to dry deposition through the use
of a regression equation of particle [Ca] to estimate particle [P]. The methodology is detailed in the Barr
Engineering (2003) technical memorandum on phosphorous deposition. The methodology used in this
estimate (2007) relies on actual measurements of particle [P] and is outlined below.

1. The use of measured phosphorous concentrations from particle filters.
a. Currently the best source of data regarding phosphorous concentrations associated with
ambient particulate matter is the 2006-2007 ICP-MS measurements on MPCA’s archived
filters. The particle filter samples are from 5 sites: Albert Lea, Hutchinson, Perham,
Mille Lacs and Silver Bay (Figure 4). All filter samples were collected in 2000 and
stored at the MPCA Air Quality Laboratory until analysis in 2006 and 2007 at the MDH
laboratory. The average phosphorous concentrations determined from these filters are
summarized in Table 3.
b. The primary land use within a one-mile and five-mile radius of each of these 5
monitoring stations was determined using a GIS database (Table 3). Based on land use in
a five-mile radius, Silver Bay and Mille Lacs are considered “forested” sites, while Albert
Lea, Hutchinson, and Perham are considered “agriculture” sites. The phosphorous
concentrations at Silver Bay and Mille Lacs are statistically different from Albert Lea,
Hutchinson and Perham (95% confidence interval, 2-tailed T-test). However Perham
(agriculture site) is similar to (i.e., not statistically different from) Albert Lea and
Hutchinson (both urban sites using the 1 km distance land use information in Table 3).
These comparisons indicate that the 3 urban and agricultural sites have similar
phosphorous concentrations but as a group the 3 sites have different phosphorus
concentrations than the forested sites (Mille Lacs and Silver Bay).
c. The land use designations and the average ambient phosphorus concentrations from the 5
sites (Albert Lea, Hutchinson, Perham, Silver Bay, Mille Lacs) were extrapolated to other
areas of the state. Specifically, the average [P] in Perham, Albert Lea, and Hutchinson
was used to represent agricultural areas; the average [P] in Silver Bay and Mille Lacs was
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used to represent forested areas; the average [P] in Albert Lea and Hutchinson was used
to represent urban areas. These average phosphorous concentrations were applied to all
areas of the state that had similar land use within each major river basin.

2. Statewide application of the particle [P] concentrations from the 5 sites required identifying
similar land uses. The entire state was classified into three categories of land use: urban, forest
and agriculture. The USGS 2001 NLCD landcover was used as a basis for defining these three
land classes. This USGS landcover layer corresponds closely with the dates phosphorous data
was collected
a.

Urban areas were defined as areas which had a minimum of 2,500 acres of contiguous
urban land cover. These land covers are defined as: developed open space, developed
low intensity, developed medium intensity and developed high intensity. The NLCD
landcover was resampled from 30 meters to 200 meters to remove the transportation links
that exists between cities (typically the widths of the roads are less than 200 meters). The
resulting areas were then converted to shapefile format and all non-urban landcover
surrounded by the urban areas were reclassified as urban. Finally, all urban areas with
less than 2,500 acres were deleted from the shapefile.

b. The separation of non-urban areas between agriculture and forest was accomplished by
summarizing the percent cultivated crops landcover (from the NLCD) that exists in each
township. The areas that had less than 10 percent cultivated crops were assumed to be
forested; the remaining was assumed to be agriculture. The distribution of landcover is
shown in Figure 5.
c.

Once the landcover was developed, the areas of water and wetlands within each of the
three land covers and within each of the 10 major river basins were determined using
GIS.

3. Estimated size distribution of particulate matter.
a. IMPROVE monitoring stations measure both fine and coarse particulate concentrations
concurrently. Figure 6 shows the location of IMPROVE sites from which data were used
to estimate particle size distributions for specific land use/land cover types. Data from
the IMPROVE sites in Voyageurs National Park and the BWCAW were used to estimate
the fine and coarse particulate fractions in forested areas. Data from the Blue Mounds
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State Park and Great River Bluffs State Park sites were used to estimate the fine and
coarse fractions in agricultural areas. The location of Great River Bluffs State Park in
southeast Minnesota indicates that it is actually sited in a forested area that is surrounded
by agricultural lands. Because of the predominance of agriculture in the surrounding
region, data from both of this IMPROVE sites is used estimate particle size distributions
for agricultural areas. Supporting the extrapolation of particle size distribution data from
Great River Bluffs State Park to agriculture areas is the fact that that the size distribution
at Great River Bluffs State Park is statistically similar to that at Blue Mounds State Park
and Lake Sugema State Park (IA), which are both in agricultural dominated areas. In
addition, these three sites (Blue Mounds, Great River Bluffs, Lake Sugema) are
statistically different from the particle size distributions monitored at the forested
Boundary Waters and Voyageurs sites.
b. The use of the particle size distributions from the IMPROVE sites provides for a
refinement in the dry deposition estimates. A second change in the dry deposition
calculations is the refinement in the coarse and fine particle fractions used in the
calculations based on data from the four IMPROVE sites in Minnesota. The 2003
estimates used values for fine and coarse particulate fractions that are associated with
urban areas, whereas specific fractions for agricultural and forested areas are used in the
2007 estimates. Both agricultural and forest particulate size distributions have a higher
percentage of fine particulate compared to urban areas. Because the deposition rate for
fine particulate matter is lower than for coarse particulate matter and most of the state is
either forested of agricultural, the application of land-use based fine and coarse
particulate fractions partially offsets the increase due to higher phosphorous
concentrations in the 2007 estimates.
c. The MPCA’s air monitoring program provided concurrent data on PM10 and PM2.5 in four
metro area sites and one site in Virginia, MN. The locations of these sites are shown in
Figure 6. The data from these sites was used to determine the fine and coarse particulate
fractions in urban areas.

4. Calculating dry phosphorus deposition
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a. Phosphorous concentrations associated with ambient particulate matter were calculated
based on land use. The percent of all surface waters in each land use category for each
basin were determined in GIS as described above (see Figure 5).
b. Calculation components for phosphorus deposition in a basin:


Estimated phosphorus air concentration by land use as shown in Table 3.



The area associated with each land use category in the basin.



The estimated phosphorus air concentration was split into two size fractions
based on IMPROVE or MPCA data according to the land use as shown in Table
4.



A deposition velocity for each particle size fraction was estimated based on the
information from Meyers (2003):
Fine fraction deposition velocity = 0.5 centimeters per second (cm/s);
Coarse fraction deposition velocity = 3 cm/s.



The coarse and fine particle deposition was summed together to provide a “total”
particle deposition estimate for each land use category.



The sum of the deposition for each land use category is the total for the basin.



Conversion factors: convert seconds to years, cm to meters, acres to hectares,
and µg/m3 to kg/ha.

The following is noted for the dry deposition estimates:
• No adjustments were made in the estimation of dry deposition in a dry or a wet year because data
are not available at this time to derive estimates of dry deposition during different precipitation
regimes.
• Seasonality in dry deposition is not addressed in the deposition estimates primarily because
particle [P] data are not available for all seasons from the 5 particle monitoring sites (Silver Bay,
Mille Lacs, Perham, Hutchinson, and Albert Lea).
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Table 3. Particulate based ambient phosphorous concentrations in Minnesota calculated from ICP
-MS measurements of MPCA’s archived PM10 filter samples for selected monitoring sites
and the primary land use around each monitoring site.
Monitoring site

Average
Phosphorous
concentration,
µg/m3

Albert Lea
Hutchinson
Mille Lacs
Perham
Silver Bay

0.0472
0.0541
0.0228
0.0499
0.0286

Average Agriculture
Average Forest
Average Urban

0.0504
0.0257
0.0506

Primary land use
1-mile radius of
monitor
Urban
Urban
Forest
Agriculture
Forest

Primary land use
5-mile radius of
monitor
Agriculture
Agriculture
Forest
Agriculture
Forest

Table 4. Size distributions of particulate matter for specific land use categories.
Land Use
Forest [1]
Agriculture [2]
Urban [3]

Fine Fraction (%)
63.4
52.1
42.3

Coarse Fraction (%)
36.6
47.9
57.7

[1] Particle size distributions for forest areas determined from IMPROVE monitoring data collected in northern Minnesota:
Voyageurs National Park (VOYA2) and Boundary Waters Canoe Area Wilderness.(BOWA1)
[2] Particle size distributions for agriculture areas determined from IMPROVE monitoring data: collected in southern Minnesota:
Blue Mounds State Park in southwestern Minnesota and Great River Bluffs State Park in southeast Minnesota.
[3] Particle size distributions for urban areas determined from MPCA monitoring sites in Virginia and from the Twin Cities.
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Results of Phosphorus Loading Computations and Assessments
The deposition estimates calculated and discussed in this report are for deposition directly to waters and
wetlands. Any atmospheric deposition to land is already accounted for in previous determinations of
phosphorous loading from runoff (see critical assumptions).

A. Wet Deposition
Estimates of average wet phosphorus deposition (average precipitation) range from 0.073 kg ha-1 yr-1 in
the Rainy River basin to 0.198 kg ha-1 yr-1 in the Cedar River basin (Table 5). When factoring in dry/wet
years, the range in potential wet phosphorus deposition is from approximately 0.060 kg ha-1 yr-1 in the
Rainy River basin (dry year) to 0.250 kg ha-1 yr-1 in the Cedar River basin (wet year) (Table 5).

Table 5 also provides estimates of average phosphorus loading (average precipitation) for the respective
basins, which ranges from 1,533 kg/yr for the Missouri River to 151,488 kg/yr for the Upper Mississippi
River basin. As identified in Table 5, the estimate of phosphorus deposition for each basin is based on the
area identified as “water” or “wetland” in the GIS database.

B. Dry Deposition
Estimates of average dry phosphorus deposition (assuming average precipitation year) range from 0.115
kg ha-1 yr-1 in the Lake Superior basin to 0.271 kg ha-1 yr-1 in the Cedar River basin (Table 6). The total
mass of phosphorous dry deposited ranges from 2,684 kg/yr in the Cedar River basin to 263,309 kg/yr in
the Upper Mississippi River basin. The rate of dry deposition is highly dependent on the major land use
in the basin. Basins that are predominantly agricultural such as the Minnesota, Des Moines, Missouri and
Cedar River have the higher deposition rates. The basins with almost no agriculture such as the Rainy
River and Lake Superior have lower rates of dry deposition.

As previously discussed, no adjustments were made in estimating dry deposition for a dry or a wet year.
Data are not available at this time to derive estimates of dry deposition during different precipitation
regimes.
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Average Year
Major Watershed
Cedar River
Des Moines River
Lake Superior
Lower Mississippi
Minnesota River
Missouri
Rainy River
Red River
St. Croix River
Upper Mississippi

Average
Precipitation
(inches) [1]
32.38
27.84
29.83
32.72
27.63
26.74
27.38
23.32
30.21
27.87

Mean P
Concentration
(ug/l) [2]
25.1
25.4
11.1
23.1
22.3
24.3
10.9
13.8
16.3
14.7

TOTAL

Watershed
Area
(acres)

Water &
Watershed
Wetland Area
Area
(acres) [3]
(hectares)

657,731
982,696
3,935,149
4,042,995
9,567,116
1,140,476
7,191,069
11,354,481
2,258,192
12,863,982

24,497
53,756
1,311,913
202,902
743,405
29,748
3,768,677
2,697,358
680,161
3,826,678

266,180
397,691
1,592,533
1,636,178
3,871,759
461,544
2,910,186
4,595,095
913,878
5,205,982

53,993,887

13,339,094

21,851,027

Total Wet
Water &
Area
Deposition
Wetland Area
Adjustment
From GIS
(hectares)
[5]
(lbs) [4]
9,914
2,910
1.488
21,755
7,616
1.119
530,924
92,290
1.072
82,113
31,952
1.083
300,852
95,360
1.022
12,039
2,751
1.228
1,525,163
229,002
1.065
1,091,606
176,708
1.077
275,257
72,620
1.000
1,548,635
333,969
1.000
5,398,257

1,045,178

Adjusted
Watershed
Total
(lb/yr) [6]
4,330
8,525
98,918
34,612
97,418
3,379
243,897
190,271
72,620
333,969
1,087,938

Adjusted
Wet
Wet
Watershed
Deposition
Deposition
Total
(lbs/acre/yr)
(kg/ha/yr) [7]
(kg/yr) [6]
[7]
1,964
0.177
0.198
3,867
0.159
0.178
44,869
0.075
0.085
15,700
0.171
0.191
44,189
0.131
0.147
1,533
0.114
0.127
110,632
0.065
0.073
86,307
0.071
0.079
32,940
0.107
0.120
151,488
0.087
0.098
493,489

Dry Year
Major Watershed

Average
Precipitation
(inches) [1]

Mean P
Concentration
(ug/l) [2]

Watershed
Area
(acres)

Water &
Watershed
Wetland Area
Area
(acres) [3]
(hectares)

Cedar River
Des Moines River
Lake Superior
Lower Mississippi
Minnesota River
Missouri
Rainy River
Red River
St. Croix River
Upper Mississippi

26.65
20.94
25.09
26.20
21.23
20.43
22.72
18.50
23.57
22.36

25.1
25.4
11.1
23.1
22.3
24.3
10.9
13.8
16.3
14.7

657,731
982,696
3,935,149
4,042,995
9,567,116
1,140,476
7,191,069
11,354,481
2,258,192
12,863,982

24,497
53,756
1,311,913
202,902
743,405
29,748
3,768,677
2,697,358
680,161
3,826,678

266,180
397,691
1,592,533
1,636,178
3,871,759
461,544
2,910,186
4,595,095
913,878
5,205,982

TOTAL

21.91

16.4

53,993,887

13,339,094

21,851,027

Total Wet
Water &
Area
Deposition
Wetland Area
Adjustment
From GIS
(hectares)
[5]
(lbs) [4]
9,914
2,387
1.488
21,755
5,668
1.119
530,924
77,962
1.072
82,113
25,650
1.083
300,852
74,025
1.022
12,039
2,103
1.228
1,525,163
189,277
1.065
1,091,606
142,370
1.077
275,257
56,576
1.000
1,548,635
268,047
1.000
5,398,257

844,065

Adjusted
Watershed
Total
(lb/yr) [6]
3,551
6,344
83,560
27,785
75,622
2,583
201,588
153,297
56,576
268,047
878,955

Adjusted
Wet
Wet
Watershed
Deposition
Deposition
Total
(lbs/acre/yr)
(kg/ha/yr) [7]
(kg/yr) [6]
[7]
1,611
0.145
0.162
2,878
0.118
0.132
37,903
0.064
0.071
12,603
0.137
0.153
34,302
0.102
0.114
1,172
0.087
0.097
91,440
0.053
0.060
69,536
0.057
0.064
25,663
0.083
0.093
121,586
0.070
0.079
398,694

0.066

0.074

Wet Year
Major Watershed

Average
Precipitation
(inches) [1]

Mean P
Concentration
(ug/l) [2]

Watershed
Area
(acres)

Water &
Watershed
Wetland Area
Area
(acres) [3]
(hectares)

Cedar River
Des Moines River
Lake Superior
Lower Mississippi
Minnesota River
Missouri
Rainy River
Red River
St. Croix River
Upper Mississippi

40.58
37.23
35.49
40.34
35.24
35.81
32.76
28.90
37.74
34.37

25.1
25.4
11.1
23.1
22.3
24.3
10.9
13.8
16.3
14.7

657,731
982,696
3,935,149
4,042,995
9,567,116
1,140,476
7,191,069
11,354,481
2,258,192
12,863,982

24,497
53,756
1,311,913
202,902
743,405
29,748
3,768,677
2,697,358
680,161
3,826,678

266,180
397,691
1,592,533
1,636,178
3,871,759
461,544
2,910,186
4,595,095
913,878
5,205,982

TOTAL

33.98

16.4

53,993,887

13,339,094

21,851,027

Total Wet
Water &
Area
Deposition
Wetland Area
Adjustment
From GIS
(hectares)
[5]
(lbs) [4]
9,914
3,667
1.488
21,755
10,196
1.119
530,924
109,465
1.072
82,113
39,452
1.083
300,852
121,228
1.022
12,039
3,668
1.228
1,525,163
274,563
1.065
1,091,606
216,501
1.077
275,257
90,790
1.000
1,548,635
411,039
1.000
5,398,257

1,280,569

Adjusted
Watershed
Total
(lb/yr) [6]
5,456
11,412
117,326
42,737
123,844
4,504
292,422
233,118
90,790
411,039
1,332,648

Adjusted
Wet
Wet
Watershed
Deposition
Deposition
Total
(lbs/acre/yr)
(kg/ha/yr) [7]
(kg/yr) [6]
[7]
2,475
0.223
0.250
5,177
0.212
0.238
53,219
0.089
0.100
19,385
0.211
0.236
56,176
0.167
0.187
2,043
0.151
0.170
132,642
0.078
0.087
105,742
0.086
0.097
41,182
0.133
0.150
186,447
0.107
0.120
604,489

0.100

0.112
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Table 5. Estimates of wet phosphorous deposition by major river basin in Minnesota - 2007 update

[1] Dry, average and wet year precipitation volume data based on the 1979-2002 period (using water years october-september). The dry period is defined as the 10th percentile frequency value, the
average is the 50th percentile and the wet is the 90th percentile. Derived by the State of Minnesota, State Climatology Office, Dept. of Natural Resources-Waters (2003).
[2] Basin area is that part of the basin within the state's borders designated as "Water" or "Wetland" in the GIS database.
[3] Phosphorous concentration is the area weighted average of the the NADP sites shown in Figure XX. The phosphorous concentration at each site wasdetermined using the the phosphorus
concentration in rainfall calculated per the following regression equation derived from the St. Croix Special Study reference sites: y = 0.0671x - 0.4586 (y is Total Phosphorus in ug/L and x is NADP calcium
in ug/L).
[4] Area weighted layers of phosphorous concentration, precipitation and location of waters & wetlands were used along with appropriate unit conversions to calculate deposition by pixel. These GIS
results were summed by basin for a basin total. Deposition by pixel = precipitation * phosphorous concentration * waters & wetland area. This estimate only includes areas that have complete GIS data for
all parameters (see note [2]).
[5] GIS data for precipitation does not cover the entire state (see the grey areas on Figure XX). For areas with no data an area weighted average was used to determine the adjustment factor for the waters
and wetlands that are in the areas with no GIS data.
[6] The total deposition including areas that lacked GIS data for precipitation. This estimate includes the entire basin area.
[7] Average wet deposition rate based on total deposition and the area of waters and wetlands in the basin.
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Table 6. Estimates of dry phosphorous deposition by major river basin in Minnesota - 2007 update

Basin

Land Use
Type

Percent of
total surface Total P conc. Fraction
waters [3]
[1]
Coarse [2]
(ug/m3)
97.6%
0.0504
0.479
0.0%
0.0257
0.366
2.4%
0.0506
0.577

Cedar River

Agriculture
Forest
Urban
Total

Des Moines River

Agriculture
Forest
Urban
Total

100.0%
0.0%
0.0%

Agriculture
Forest
Urban
Total

0.0%
99.7%
0.3%

Agriculture
Forest
Urban
Total

96.6%
0.3%
3.1%

Agriculture
Forest
Urban
Total

79.4%
19.3%
1.3%

Agriculture
Forest
Urban
Total

34.4%
64.5%
1.1%

Agriculture
Forest
Urban
Total

99.9%
0.0%
0.1%

Agriculture
Forest
Urban
Total

3.7%
96.3%
0.0%

Agriculture
Forest
Urban
Total

23.2%
76.7%
0.1%

Agriculture
Forest
Urban
Total

43.4%
56.6%
0.0%

Lake Superior

Minnesota River

Mississippi, Lower [5]

Mississippi, Upper [6]

Missouri

Rainy River

St. Croix River

Red River

0.0504
0.0257
0.0506

0.0504
0.0257
0.0506

0.0504
0.0257
0.0506

0.0504
0.0257
0.0506

0.0504
0.0257
0.0506

0.0504
0.0257
0.0506

0.0504
0.0257
0.0506

0.0504
0.0257
0.0506

0.0504
0.0257
0.0506

0.479
0.366
0.577

0.479
0.366
0.577

0.479
0.366
0.577

0.479
0.366
0.577

0.479
0.366
0.577

0.479
0.366
0.577

0.479
0.366
0.577

0.479
0.366
0.577

0.479
0.366
0.577

Fraction
Fine [2]
0.521
0.634
0.423

0.521
0.634
0.423

0.521
0.634
0.423

0.521
0.634
0.423

0.521
0.634
0.423

0.521
0.634
0.423

0.521
0.634
0.423

0.521
0.634
0.423

0.521
0.634
0.423

0.521
0.634
0.423

Minnesota Total

Phosphorous
Dry
Basin
Basin Waters Percent of Deposition to
Deposition
Average
& Wetland Total Basin
Waters &
Rate [3]
Rate
Area [4]
Land Area
Wetlands
(kg ha-1 yr-1) (kg ha-1 yr-1)
(acres)
(kg/yr)
0.270
23,902
2609.5
0.114
0
0.0
0.310
595
74.6
0.271
24,497
3.7%
2684.1
0.270
0.114
0.310
0.270

53,739
0
17
53,756

0.115

0
1,308,499
3,414
1,311,913

0.271

717,369
2,395
22,963
742,727

0.240

161,172
39,068
2,661
202,902

0.170

1,315,253
2,469,082
42,338
3,826,674

0.270

29,713
0
35
29,748

0.120

139,226
3,629,456
0
3,768,682

0.151

157,663
521,634
863
680,160

0.182

1,170,654
1,525,842
867
2,697,363

0.270
0.114
0.310

0.270
0.114
0.310

0.270
0.114
0.310

0.270
0.114
0.310

0.270
0.114
0.310

0.270
0.114
0.310

0.270
0.114
0.310

0.270
0.114
0.310

5.5%

5866.8
0.0
2.1
5869.0

33.3%

0.0
60630.3
428.3
61058.6

7.8%

78316.9
111.0
2881.4
81309.2

29.7%

17595.5
1810.2
334.0
19739.7

5.1%

143589.2
114406.7
5312.6
263308.6

2.6%

3243.8
0.0
4.4
3248.3

52.4%

15199.6
168173.5
0.0
183373.1

30.1%

17212.4
24170.3
108.3
41491.1

23.8%

127803.0
70701.0
108.7
198612.8
860694.4

[1] Phosphorous concentrations at Albert Lea, Hutchinson, Perham, Mille Lacs and Silver Bay were determined from ICP-MS analysis of archived PM10 filters collected from the Air Toxics Network in 2000.
Phosphorous concentrations in Agricultural areas is the average of the measured phosphorous concentrations at Albert Lea, Hutchinson and Perham. Phosphorous concentrations in Forested areas is the
average of the measured phosphorous concentrations at Mille Lacs and Silver Bay. Phosphorous concentrations in Urban areas is the averag of the measured phosphorous concentrations at Albert Lea and
Hutchinson.
[2] The PM10 course size fraction (>2.5) was calculated to be 47.9% of total PM10 in agricultural areas and 36.6% of total PM10 in forested areas and 58% of total PM10 in urban areas. The fine size fraction
(PM2.5) was calculated as 52.1% of total PM10 in agricultural areas and 63.4% of total PM10 in forested areas and 42% of total PM10 in urban areas. PM10 size fraction was calculated from the IMPROVE or Air
Toxics monitoring sites in Minesota that have co-located PM2.5 and PM10 monitors. BOWA1 and VOYA2 are monitoring stations located in forested areas and BLMO1 and GRRI1 are monitoring stations in
agricultural areas. Air Toxics monitoring sites in Virginia and 4 metro areas are used to determine the urban size distribution.
[3] Deposition rate = [P] * (coarse fracion * coarse deposition velocity + fine fraction * fine deposition velocity) * unit conversions. Coarse and fine deposition velocities are based on recent estimates for
phosphorus deposition in Florida and personal communications with Tilden Meyers, NOAA, Oak Ridge National Laboratory. Coarse = 3.0 cm/sec, Fine = 0.5 cm/sec.
[4] Basin area is that part of the basin within the state's borders designated as "Water" or "Wetland" in the GIS database. Urban areas are cities larger than 2500 sq acres as determined in the GIS database.
Agricultural areas are regions where greater than XX% of the land use is defined as agriculture in the GIS database. All remaining areas are defined as forested regions. 1 hectare = 2.471 acres
[5] Lower Mississippi is that part of the Mississippi downstream of where the St.Croix River merges with the Mississippi.
[6] Upper Mississippi is that part of the Mississippi upstream of where the St.Croix River merges with the Mississippi.
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C. TOTAL P Deposition
Estimates of average “total” (wet + dry) phosphorus deposition range from ~ 0.180 kg ha-1 yr-1 in the
Rainy River basin (dry year) to 0.520 kg ha-1 yr-1 in the Cedar River basin (wet year) (Table 7). Overall,
for the average year, the estimated total P deposition rates are similar to those presented in Table 1.

During an average precipitation year, the largest phosphorus loading of ~ 414,797 kg/yr is estimated for
the Upper Mississippi River basin.

As noted in Table 7, dry deposition could only be estimated for an “average” year due to the lack of
available data for estimating deposition during a wet or dry year. Therefore, total (wet + dry) estimates
for the dry, average, and wet years for each basin in Table 7 use the same dry deposition value, which
adds uncertainty to the deposition estimates.
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Table 7. Estimated total phosphorous deposition to Minnesota river basins - 2007 update

Major Watershed

Cedar River
Des Moines River
Lake Superior
Lower Mississippi
Minnesota River
Missouri
Rainy River
Red River
St. Croix River
Upper Mississippi
TOTAL

Wet
Wet
Deposition Deposition
Rate,
Rate,
average year dry year
(kg/ha/yr)
(kg/ha/yr)
0.20
0.18
0.08
0.19
0.15
0.13
0.07
0.08
0.12
0.10

0.16
0.13
0.07
0.15
0.11
0.10
0.06
0.06
0.09
0.08

Wet
Deposition
Rate,
wet year
(kg/ha/yr)
0.25
0.24
0.10
0.24
0.19
0.17
0.09
0.10
0.15
0.12

Dry
Deposition
Rate,
(kg/ha/yr)
0.27
0.27
0.12
0.24
0.27
0.27
0.12
0.18
0.15
0.17

Total
Total
Deposition Deposition
Rate,
Rate,
average year dry year
(kg/ha/yr)
(kg/ha/yr)
0.469
0.448
0.200
0.432
0.417
0.397
0.193
0.261
0.270
0.268

0.433
0.402
0.186
0.394
0.385
0.367
0.180
0.246
0.244
0.249

Total
Deposition
Rate,
wet year
(kg/ha/yr)
0.520
0.508
0.215
0.476
0.457
0.440
0.207
0.279
0.300
0.290

Water &
Wetland
Area
(acres)

Wet
Wet
Wet
Deposition, Deposition, Deposition,
average year dry year
wet year
(kg/yr)
(kg/yr)
(kg/yr)

Total
Total
Total
Dry
Deposition, Deposition, Deposition,
Deposition
average year dry year
wet year
(kg/yr)
(kg/yr)
(kg/yr)
(kg/yr)

24,497
53,756
1,311,913
202,902
743,405
29,748
3,768,677
2,697,358
680,161
3,826,678

1,964
3,867
44,869
15,700
44,189
1,533
110,632
86,307
32,940
151,488

1,611
2,878
37,903
12,603
34,302
1,172
91,440
69,536
25,663
121,586

2,475
5,177
53,219
19,385
56,176
2,043
132,642
105,742
41,182
186,447

2,684
5,869
61,059
19,740
81,309
3,248
183,373
198,613
41,491
263,309

4,648
9,736
105,928
35,440
125,498
4,781
294,005
284,920
74,431
414,797

4,295
8,747
98,962
32,343
115,611
4,420
274,814
268,148
67,154
384,895

5,159
11,046
114,277
39,125
137,485
5,291
316,016
304,355
82,673
449,756

13,339,094

493,489

398,694

604,489

860,694

1,354,183

1,259,389

1,465,184
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Comparison of 2003 and 2007 Estimates of Phosphorous Deposition
A comparison of the estimates for wet, dry and total phosphorous deposition made in 2003 and 2007 is
shown in Table 8.

A. Wet Deposition
The 2003 and 2007 estimates for wet deposition are similar for most river basins. A few exceptions are as
follows. The 2007 estimate show a 21% decrease in the Minnesota River basin, a 23% increase in the
Lower Mississippi basin, a 29% decrease in the Missouri River basin and a 19% decrease in the Red
River basin compared to the 2003 estimates. The changes in the wet deposition estimates are likely due
to the use of grid-based precipitation amounts in the 2007 calculations that better account for the gradient
in precipitation across the state in contrast to the approach in 2003 that used an average precipitation
value applied to an entire basin.

B. Dry Deposition
The 2007 dry phosphorus deposition estimates are higher in all basins compared to the estimates in 2003.
This increase is due to the fact that the [P] measured on PM10 filters and used in the 2007 calculations is
higher than the particle [P] concentrations estimated in 2003 by a regression equation using [Ca]
concentrations on PM10 filters and the Ca:P relationship from precipitation. The difference in measured
versus estimated particle [P] implies that relationship between calcium and phosphorous in precipitation is
different than the relationship between calcium and phosphorus associated with PM10.

It is noted that the Cedar River basin shows the least change between the 2003 and 2007 estimates. A
likely reason is that in the 2003 estimates, the Cedar River basin estimates relied on PM10 and [Ca] data
from Albert Lea and the estimated [P] in particulate matter for the Albert Lea site was considered
anomalously high compared to all other monitoring stations. However, the particle [P] data now available
for Albert Lea indicates that the estimated particle [P] used in the 2003 analysis may be more
representative than had previously been thought. In other basins, the 2007 estimates show increases
ranging from 65% to almost 300% (3 times) more dry phosphorous deposition than had been calculated in
2003.
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C. Total Deposition
The 2007 estimates of total phosphorous deposition increased for all basins with the exception of the
Cedar River basin. In the Cedar River basin the 2003 and 2007 estimates only differ by 3%. The
increase in estimated total deposition in all other basins is driven by the increases in estimated dry
deposition. The notable decrease in wet deposition in some basins is more than offset by the increase in
dry deposition in the 2007 estimates.

The percent of total deposition that is attributed to dry deposition also increased in every basin. The
percentage of total deposition that is attributed to dry deposition ranges from 55.7% in the Lower
Mississippi to 69.7% in the Red River and the average for the state as a whole is 63.6%. In the 2003
estimate, the average percent of total deposition as dry deposition was, on average 40.8% for the state.

The 2003 estimate for the state that dry deposition is approximately 41% of total statewide deposition is
at the low end of the range according to the estimates for nitrogen deposition calculated by Likens et al.
(1990) and Lindberg et al. (1986). In contrast, the 2007 estimate that dry deposition is approximately
64% of total deposition and is near the high end of the range.
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Table 8. Comparison of the 2003 and 2007 estimates of phosphorous deposition to Minnesota major river basins

Basin
Cedar River
Des Moines River
Lake Superior
Minnesota River
Mississippi, Lower
Mississippi, Upper
Missouri
Rainy River
St. Croix River
Red River
Statewide Total

Wet Deposition (kg/yr) Percent Dry Deposition (kg/yr) Percent
2003
2007
Change
2003
2007
Change
2,102
1,964
-7%
2,390
2,684
12%
4,020
3,867
-4%
1,493
5,869
293%
46,364
44,869
-3%
23,753
61,059
157%
55,709
44,189
-21%
22,858
81,309
256%
12,785
15,700
23%
7,650
19,740
158%
155,847
151,488
-3%
108,811
263,309
142%
2,156
1,533
-29%
825
3,248
294%
105,303
110,632
5%
65,761
183,373
179%
33,322
32,940
-1%
7,711
41,491
438%
106,467
86,307
-19%
120,376
198,613
65%

% of Total as Dry Total Deposition (kg/yr) Percent
2003
2007
2003
2007
Change
53.2%
57.7%
4,492
4,648
3%
27.1%
60.3%
5,514
9,736
77%
33.9%
57.6%
70,118
105,928
51%
29.1%
64.8%
78,567
125,498
60%
37.4%
55.7%
20,435
35,440
73%
41.1%
63.5%
264,658
414,797
57%
27.7%
67.9%
2,981
4,781
60%
38.4%
62.4%
171,065
294,005
72%
18.8%
55.7%
41,032
74,431
81%
53.1%
69.7%
226,843
284,920
26%
885,704

1,354,183

53%
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Comparison of 2003 and 2007 Atmospheric Phosphorus Loads to
Total Phosphorous Loading
A comparison of the 2003 and 2007 atmospheric P loading estimates to total phosphorous loading for
each major river basin is provided in Table 9. Statewide, the phosphorous loading from atmospheric
deposition (total; wet+dry) is approximately 13% of total phosphorus loading using the 2003 estimate of
atmospheric P deposition, and 19% using the 2007 estimate of atmospheric P deposition. The increase in
the contribution of atmospheric P deposition to total P loading is most likely due to the higher 2007 dry
deposition estimates.

A comparison by major river basin shows that most of the increase in percentage of total loading is in the
more forested river basins (Table 9). The percent of total loading as atmospheric deposition in the Rainy
River basin is 40.6% based on the 2003 estimates and 54.0% based on the 2007 estimates. In the Lake
Superior basin atmospheric deposition is 26.5% of total loading based on the 2003 estimates and 35.3%
based on the 2007 estimates.

Much smaller changes in the percentage of atmospheric deposition contributing to total loading between
the 2003 and 2007 estimates are shown in Table 9 in the predominantly agricultural river basins. In the
Cedar River basin the percent of total loading as atmospheric deposition is 3.7% based on the 2003
estimates and 3.9% based on the 2007 estimates. In the Missouri River and Des Moines River basins the
percents are 2.8% and 4.7% respectively based on the 2003 estimates and 4.4% and 8.0% based on the
2007 estimates. In the Minnesota River basin the percent atmospheric deposition based on the 2003
estimates is 5.4% of total loading in comparison to 8.3% based on the 2007 estimates.
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Table 9. Comparison of total phosphorous deposition load in relation to estimated total loading to a basin for the 2003 and 2007
estimates. Comparisons are for an average precipitation year.
2003 [1]

Basin
Cedar River
Des Moines River
Lake Superior
Lower Mississippi
Minnesota River
Missouri River
Rainy River
Red River
St. Croix River
Upper Mississippi

Point [1]
kg/yr
56,813
55,580
34,782
267,259
371,745
13,122
44,238
78,154
22,069
1,180,141

Statewide

2,123,930

Non-Point
Estimated
Atmospheric
(includes Total Total Load Atmospheric Load as a %
Atmospheric P (Point + Non- Total P Load of Estimated
Load)
Point)
(wet + dry)
Total Load
kg/yr
kg/yr
kg/yr
62,989
119,802
4,492
3.7%
61,417
116,997
5,514
4.7%
229,660
264,442
70,118
26.5%
684,196
951,455
20,435
2.1%
1,095,489
1,467,234
78,567
5.4%
93,099
106,221
2,981
2.8%
377,109
421,347
171,065
40.6%
714,730
792,884
226,843
28.6%
184,786
206,855
41,032
19.8%
1,156,229
2,336,370
264,658
11.3%
4,659,704

6,783,634

885,705

13.1%

Point
kg/yr
56,813
55,580
34,782
267,259
371,745
13,122
44,238
78,154
22,069
1,180,141
2,123,930

2007 [2]
Non-Point
Estimated
(adjusted) [3]
Total Load
Atmospheric
(includes Total (adjusted) [3] Atmospheric Load as a %
Atmospheric P (Point + Non- Total P Load of Estimated
Load)
Point)
(wet + dry)
Total Load
kg/yr
kg/yr
kg/yr
63,145
119,958
4,648
3.9%
65,639
121,219
9,736
8.0%
265,470
300,252
105,928
35.3%
699,201
966,460
35,440
3.7%
1,142,420
1,514,165
125,498
8.3%
94,899
108,021
4,781
4.4%
500,049
544,287
294,005
54.0%
772,807
850,961
284,920
33.5%
218,185
240,254
74,431
31.0%
1,306,368
2,486,509
414,797
16.7%
5,128,183

7,252,113

1,354,184

[1] Estimates of P loading for point and non-point sources obtained from "Detailed Assessment of Phosphorus Sources to Minnesota Watersheds", .
Prepared for the Minnesota Pollution Control Agency by Barr Engineering Company. February 2004
[2] The only change to P loading estimate in 2007 is due to the updated estimates of atmsopheric deposition.
[3] Estimate of non-point P loading is adjused to include the 2007 estimate of total (wet+dry) atmospheric P depositon.

18.7%
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Estimates of Background Phosphorus Dry Deposition
As previously presented in Table 3, the Silver Bay and Mille Lacs particle monitoring sites are identified
as predominantly forested sites based on land use within 5 km of the monitoring site, while the Perham,
Hutchinson, and Albert Lea sites are considered agricultural sites. The measured particle [P] for the Mille
Lacs and Silver Bay sites is lower by a factor of 2 (statistically significant at the 0.1 level) compared to
the measured particle [P] at Perham, Hutchinson, and Albert Lea. The similarity of the particle [P]
concentrations at the forested Silver Bay and Mille Lacs sites, and their significantly lower particle [P]
concentration than at the 3 agricultural monitoring sites, suggests that the particle [P] measured at the
Silver Bay and Mille Lacs sites may represent a background concentration. Using data from both sites,
the estimated background particle [P] concentration is approximately 0.0026 µg/m3.

The specific source of the particle [P] in the forested areas is unknown. The available information for
particle size distributions in northern Minnesota from the IMPROVE monitoring sites in Voyageurs
National Park and the Boundary Waters suggests that the particle [P] may be associated with fine particles
(2.5 microns in size or smaller). Data from Table 4 indicates that in forested areas the fine fraction
accounts for 63% of the measured particles while the coarse fraction (particle size of 2.5 to 10 microns)
accounts for 37% of the measured particles. If the particle [P] is associated with the fine fraction, it
suggests that the particle [P] may be associated with distant sources as opposed to more local sources.

Potential Influence of Agricultural and Urban Land Use on
Phosphorus Deposition
If the average particle [P] concentration of 0.026 µg/m3 for the Silver Bay and Mille Lacs sites (Table 3)
is used as a background concentration, then the estimated [P] in ambient air for the agricultural sites
(Table 3) suggests that phosphorus enrichment is occurring at the agricultural sites; that is, the
agricultural sites have a factor of 2 more particle [P] than at forested sites. The specific source of the
increased particle [P] at the agricultural sites is unknown. It is known that wind erosion of soils is more
prevalent in agricultural areas than in forested areas. The statistically higher particle [P] at agricultural
sites and the prevalence of wind erosion of soils occurring in agricultural areas suggests that the potential
source of the increased particle [P] may be related to agricultural land use. However, under the time
constraints of the project did not allow for this topic to be more fully explored.
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Phosphorus Loading Variability and Uncertainty
Variability in the Data
Wet Deposition
-

Annual average precipitation amounts from 2000-2001 were used to establish the [P] and [Ca]
relationship at the 4 NADP reference sites in order to estimate wet phosphorus deposition for
other locations in the state. Precipitation can vary significantly from year to year. The estimate
of phosphorus deposition in any given year could be significantly different from the annual
average wet phosphorus deposition calculated in this project for each river basin. Therefore, the
results of this project should be used cautiously in other applications.

Dry Deposition
-

No adjustments were made in the estimation of dry deposition in a dry or a wet year. Data are not
available at this time to derive estimates of dry deposition during different precipitation regimes.
Variability in the amount of dry deposited phosphorus due to different moisture regimes was
assumed to remain constant for this project.

-

Phosphorus concentration data from particulate filters were available for 9 months. It is
recognized that the data likely vary from season-to-season and from year-to-year. However. the
limited amount of data precluded an assessment of seasonality or year-to-year variations.

Uncertainty in the Data
Wet Deposition
-

Establishing the relationship of [P] and [Ca] in precipitation from a limited number of sites (4
reference sites) for a limited time period (2 years) introduces some uncertainty into the wet
deposition calculations. It is assumed the two years during which the data were collected are
representative precipitation years and were not unduly influenced by unique large storm events.
The inclusion of more monitoring sites, for a longer period of time, would likely improve the data
to provide a better relationship of [P] and [Ca] in precipitation.

-

An individual monitoring site can provide representative data for the surrounding region if the
site is adequately selected (NOAA-ARL, 2003). The grid-based area weighting assumes a
predictable rate of change in the phosphorous concentrations between monitoring sites and that
local source influences are not significant in regard to the precipitation [P]. In addition, the area
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weighting technique requires a distribution of sites/data over a wide geographic area. Data were
particularly sparse in the border areas, particularly in the northern part of the Red River basin,
and this introduces additional uncertainty into the deposition estimates.

Dry Deposition
-

An individual monitoring site is not considered to be necessarily representative of the
surrounding region because the controlling factors for dry deposition are surface driven and are
not regionally representative (NOAA-ARL, 2003). In this application, it was assumed that the 5
MPCA air toxics monitoring sites analyzed for particle phosphorous were representative of areas
with similar land use. There is some uncertainty associated with this assumption because it is
possible that the phosphorous concentrations measured on the filters are due to unique local
factors that may not occur on a wide scale. In this case, dry deposition could be under-oroverestimated for a specific area.

-

The estimates of dry phosphorus deposition may also be under-or-overestimated by applying data
collected from population centers to more rural areas. The working assumption is that the factors
resulting in phosphorous concentrations at the monitoring sites occur on a wide scale or in other
areas of similar land use. Again, there is uncertainty in this assumption.

-

There is uncertainty associated with the analysis performed to determine the phosphorous
concentrations in PM10. These filters had been archived for 6-7 years before analysis and actual
field blanks that had been stored under similar conditions were not available. The phosphorous
concentrations determined from these measurements may result in an under-or-overestimate of
dry phosphorous deposition.

-

There is uncertainty associated with the determination of fine and coarse particulate fraction. In
particular, the two monitoring site used to represent forested areas are in northern Minnesota,
which has predominantly coniferous forests. Applying these values to areas of other types of
forests may under-or-over-estimate dry deposition in those areas.

-

There is uncertainty associated with the deposition velocities assigned to the particle size
categories used in the dry deposition estimates. The deposition velocities are affected by terrain
and vegetation features. The deposition velocities may under- or over-estimate dry phosphorus
deposition.
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Potential Future Refinements to Atmospheric Deposition Estimates
and Supplemental Analyses
The following list of items are suggested as ways to potentially improve the estimates of atmospheric (wet
and dry) phosphorus deposition.

1. Additional one to two years of monitoring for [P] and [Ca] in precipitation to determine the
representativeness and robustness of the original relationship between [Ca] and [P] in
precipitation and improve the ability to extrapolate the findings from the research sites to other
locations in the state.
2. Additional sites should be included in the wet deposition monitoring network, particularly in
southwest and western Minnesota, to measure the [P] and [Ca] relationship in these areas and
compare to the [P] and [Ca} relationship in forested areas. This additional information will likely
improve the ability to extrapolate the findings to other agricultural land use/land cover areas in
the state.
3. Assess the variability in annual dry deposition in relation to changes in annual precipitation to
determine the significance of this project assuming dry deposition is constant for low, average,
and high precipitation years.
4. Additional particulate monitoring (TSP, PM10) in other areas of the state should be conducted,
with a particular emphasis on rural areas and determine whether extrapolation of the particulate
filter data to larger regions or river basins is appropriate. Such monitoring should take large
enough samples that the filters can be analyzed directly for phosphorous.
5. Collection of coarse (2.5 to 10 microns) and fine fraction (2.5 microns or less) particulate matter
in forested and agricultural areas and analysis of the coarse and fine fractions for phosphorus and
calcium (and other elements if possible) to determine the partitioning of phosphorus to each
fraction.
6. A source apportionment study, using chemical mass balance or similar approach, for phosphorus
should be conducted to determine if sources other than soil are significant, or could be significant,
for phosphorus deposition.
7. Additional monitoring data from agricultural areas could then be used to further assess the
importance of atmospheric deposition to agricultural runoff and determine the relative
contribution of atmospheric deposition to agricultural runoff.

ATTACHMENT C
Technical Memorandum
To:
Marvin Hora, Greg Gross, and Dennis Wasley, Minnesota Pollution Control Agency
From:
Cliff Twaroski ,Nadine Czoschke, Tim Anderson
Subject: Detailed Assessment of Phosphorous Sources to Minnesota Watersheds – Atmospheric Deposition: 2007 Update
Date:
June 29, 2007
Page:
42

Recommendations for Lowering Phosphorus Export
Soil dust is assumed to be the largest source of atmospheric phosphorus. Therefore, reducing soil dust,
particularly from agricultural fields, through the application of best management practices (shelterbelts,
no till planting, use of cover crops, etc.) would seem to be a high priority. Another potential activity on a
much smaller and local scale to reduce soil dust might include the periodic wetting of exposed soil at
large construction sites during dry periods to minimize soil dust being entrained into the air due to wind
erosion and to emphasize re-vegetating developments as quickly as possible after construction is
completed.
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Appendix A
Phosphorus in Precipitation Study
(Conducted by the St. Croix Watershed Research Station)
(Write-ups as received from the MPCA, September 2003)

INTRODUCTION

Four sites included4 sites (sample times, every 4 weeks), data logger to record precipitation data. MDN
website. MDN program

SAMPLE HANDLING

One-liter Teflon sample bottle weights were etched onto bottle. Frontier Geosciences Inc. (Seattle, WA)
were responsible for all acid washing of the Teflon sample bottles and sample trains (including inserts)
using a perchloric-nitric acid cleaning procedure (claiming proprietary information on procedure).
Sample bottles and trains were bagged and shipped by Frontier to each of the four sites. The 1-liter
Teflon sample bottles were precharged with 20 (± 0.1) mL 10% v/v HCl preservative (final concentration
of preservative = 1.13 N HCl) by Frontier Geosciences (high purity HCl was purchased from Seastar
Chemicals cat. # BA-04-0500-certificate of analysis attached).

Sample operators at each of the four sites were responsible for changing the sample bottles at four-week
intervals during the two-year study. However, at times, sample bottles were changed sooner due to
sample overflow. Also, at times, sample bottles were changed later due to inclement weather, or
replacement sample bottles were not available. In some instances, sample bottles were removed and a
new sample bottle was not replaced until a later time resulting in missed precipitation collection. At each
change out or sampling period, the site operator filled out a data sheet indicating start and stop times of
each sample and any other notes that were appropriate.

When changed by the site operators, the one-liter Teflon sample bottles were shipped from each of the
four sites to the St. Croix Watershed Research Station (SCWRS) via FedEx (next day). Upon arrival at
SCWRS, data sheets were verified and filed, while samples were weighed and recorded. Sample bottle
weights (etched into each bottle) were noted and used to calculate the normality of each sample (sample
weight including preservative minus sample bottle weight). Samples were refrigerated at 4oC until
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analyzed. Usually received sample bottles were held until a batch of 40 samples could be run for
nutrients and/or trace metals.

LABORATORY ANALYSIS

Samples received at the St. Croix Watershed Research Station were digested and analyzed for Total
Phosphorus and Total Nitrogen (TP/TN). Samples were also digested for trace metals and sent to the
University of Minnesota Geochemistry Lab (Department of Geology and Geophysics) for trace metal
analysis.

Nutrient Dual Digestion

A sample dual digestion (modified from Ameel et. al. and Jones, ND Dept. of Health. unpublished) for
both total phosphorus and total nitrogen (TP/TN, unfiltered) was performed in 60-mL high density
polyethylene (HDPE) acid washed bottles. 20 g (± 0.5 g) were weighed into a preweighed HDPE
digestion bottle on an analytical balance; weights were recorded. Five mL of digestion solution (sodium
hydroxide and potassium persulfate) was added. Bottles were loosely capped and autoclaved at 121 oC
and 16 psi for 15 min. Samples were removed from the autoclave and cooled in a freezer for 20-30
minutes. When cooled, 0.5 mL of 11 N H2SO4 was added to each bottle. Bottles were again placed back
into the autoclave for an additional 30 minutes at 121 oC and 16 psi. Samples were again cooled in a
freezer and weighed back. Dilutions were calculated based on sample weight, reagent added, and weight
loss during digestion.

Phosphorus calibration standards were diluted from a 250 µg P/L working stock standard. The
working stock standard was diluted from a 25 mg P/L stock standard made by dissolving 0.1099 g
primary standard grade anhydrous potassium phosphate monobasic (KH2PO4) that has been dried for one
hour at 105 oC in 1000 mL DIW. Nitrate calibration standards were diluted from a 200.0 mg N/L stock
standard made by dissolving 1.444 g potassium nitrate (KNO2) in 1000 mL DIW.

Mixed quality control check standards (QCSPEX-Nut, SPEX CertiPrep, Inc., Metuchen, NJ) were
purchased for both total phosphorus and total nitrogen and diluted to manufacture’s specifications. A
midrange and low check standard for total nitrogen was diluted to 10.0 and 0.30 mg N/L. Separate
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dilutions were made for total phosphorus check standards at 100, 25, and 5.0 µg P/L. Allowable
recoveries for check standards were +/- 10% with some exceptions of the low TP check standard of 5.0
µg P/L. Since the detection limit of the Total Phosphorus method is close to 5.0 µg P/L, percent relative
difference of this low check standard was allowed to be above 10 percent. Instrument blanks as well as
procedural blanks were included during analysis and were required to be below 5.0 µg P/L. Over ten
percent of the samples were run in duplicate (a duplicate sample is one which has a separate digestion
from the original), and aside from a couple of samples, had a percent relative difference less than 10
(some duplicates were less than 5.0 µg P/L). Digestion efficiency standards for both nitrogen (glutamic
acid, 1.00 and 8.00 mg N/L) and phosphorus (adenosine 5”-triphosphate disodium salt hydrate, 25 and
100 µg P/L) were included to verify complete conversion of organic species during digestion. Typically
the Total Nitrogen efficiency standards were 20-30 percent more than expected (indicating a greater
amount of conversion) and Total Phosphorus efficiency standards were usually at least 95% complete.
Laboratory fortified samples and spikes were also included to verify no matrix interference and typically
had a percent relative difference from the expected value of less than 10. All calibration and check
standards as well as blanks, samples, and duplicates were digested in the same manner before analysis.

Total nitrogen analyses were determined on a QuickChem 8000 dual-channel nutrient autoanlayzer
(Lachat Instruments, Milwaukee, WI). During the digestion, Organic-N and Ammonium-N are converted to
nitrate+nitrite-N. This reduced nitrate plus the original nitrate+nitrite was determined using the cadmium
reduction method (Lachat Instruments method 10-107-04-1-A). Nitrate is quantitatively reduced to nitrite by
passage of the sample through a copperized cadmium column. The nitrite (reduced nitrate plus original
nitrite) forms a magenta color which is read at 520 nm. Seven nitrate calibration standards (0.0, 0.20, 0.40,
1.00, 4.0, 8.0, 20.0 mg N/L) were used to generate a first-order polynomial which uses linear regression to
calculate a best fit straight line for all the calibration points. The resulting first-order polynomial is then used
for calculating concentration:

Concentration = C(1) Y + C(0)

(5)

Where:
C(1) = calibration curve first-order coefficient (slope),
C(0) = calibration curve constant term (concentration axis intercept), and
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Y=

analyte response (peak area)

Direct chemistry was applied to all peaks formed from this method. Direct chemistry calculates only
peaks that go positive from the baseline (peak area > 0). Peak base width and threshold values are
assumed and then calculated to activate this chemistry. Calibration failure criteria were set for each
calibration curve generated. The minimum correlation coefficient allowed (r value) was 0.9900, however,
an r value of 1.0000 was usually observed. The detection limit for this method is 0.2 - 20.0 mg N/L as
NO3- or NO2-.

Total Phosphorus

Total phosphorus was determined using a QuickChem 8000 dual-channel nutrient autoanalyzer
(Lachat Instruments, Milwaukee WI). During the digestion, Organic-P is converted to orthophosphate.
The orthophosphate ion (PO43-) reacts to form a complex, which absorbs light at 880 nm. The absorbance
is proportional to the concentration of orthophosphate in the sample. A modified Lachat manifold for
orthophosphate (based on EPA method 365.1) was used to measure total phosphorus simultaneously with
total nitrogen. The calibration range used for total phosphorus was 200, 100, 50, 25, 10, 5, 0 µg P/L. A
second-order polynomial produced a more suitable calibration fit for the total phosphorus calibration
curve. The resulting equation for a second-order polynomial is as follows:

Concentration = C(2) Y2 + C(1) Y + C(0)

(6)

where:
C(2) = calibration curve second-order coefficient,
C(1) = calibration curve first-order coefficient,
C(0) = calibration curve constant term (concentration axis intercept), and

Y = analyte response (peak area)

A 0.231 N H2SO4 carrier was used on the phosphorus manifold to avoid sample/carrier mismatch. A
Bipolar chemistry was used when integrating the peaks. An r-value of 0.9900 was the minimum correlation
coefficient, but typically r-values generated around 0.9995 or higher.
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Trace Metals

A trace metal extraction was performed at the St. Croix Watershed Research Station on the received
samples. Over ten percent of the samples were run in duplicate. Procedural blanks were included with
each batch extracted. Twenty-five ml of sample were poured into a 60-mL Teflon bottle, sample weight
was recorded. Depending on the normality of the sample (determined by sample weight and 20 ml
preservative), either 2.5 N high purity HCl (Seastar, Baseline) or Type 1 reagent grade DI water was
added to adjust each sample to 0.5 N. Samples were loosely capped and digested in an oven at 85oC for
30 min. When samples had cooled, weights were recorded and dilutions calculated. The digested
samples were then sent to the University of Minnesota Geochemistry Lab (Department of Geology and
Geophysics) to be analyzed on a Perkin Elmer Sciex Elan 5000 inductively coupled plasma mass
spectrometer (ICP-MS) for Ni, Cu, Cd, Pb(206, 207, 208), Zn, Cr, Co, Se, Fe, Mn, Ca (and Ba in year 1).

Nickel, Chromium, Cobalt, Selenium, and to some extent Copper and Cadmium showed sample matrix
interferences on the ICP-MS. Copper and Cadmium values are reported but should be viewed with
caution. Nickel, Chromium, Cobalt, and Selenium values were not used. Barium was analyzed during
the first year of the study, but was not analyzed during the second year. Lead isotopes were analyzed and
a 206/207 ratio is reported for each year. See QA/QC output.

DATA REDUCTION/CALCULATION

Precipitation data was collected using a rain gauge at each of the four sites and recorded using a
datalogger. This information was downloaded from the MDN website. Funnel cross sectional area was
also determined and precipitation was calculated using this along with sample weight. This was then
compared with the rain gauge data. It appears that the funnel area/sample weight calculation method
seemed to underestimate the amount of precipitation that fell when compared to the rain gauge data. This
may most likely be due to the inefficiency of the sample collectors (especially in winter when snow can
blow in or out of the funnels). Because of this, the precipitation data used is from the rain gauges and is
also the data reported on the web site. At certain sites during certain times throughout this two-year
study, the data loggers would malfunction and not collect data during precipitation events. In these cases,
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the MDN web site precipitation manager was contacted and his estimates were given for this missing data
(viewed as grayed area in spreadsheet).

During year one of the study, there were two samples that were analyzed for total nitrogen but not total
phosphorus. A regression using total nitrogen as an indicator of total phosphorus was generated (Y =
84.5 + 16.2 * X, R2 = .56) and total phosphorus was predicted (highlighted in blue on the spreadsheet).
This regression only used samples from year one of the study.

During sample intervals where no sample exists or where an analysis was not measured and a regression
could not be used or where results seemed suspect, the averaged results of adjacent sample time periods
(during that year or during the other year of the study) were used and then multiplied by the actual
precipitation that fell during the interval in question. See Table 1 for samples that had averaged values
reported and why (also see spread sheet for samples intervals used to average missing sample periods).
Because sample intervals many times contained varying amount of days, an attempt was made to use
intervals with close to the same number of days (i.e. this is why some missing sample intervals used a
different amount of intervals for an average). Results highlighted in green on the spreadsheet are
averages from other intervals (and can be found on bottom of spreadsheet). The averaged mass results
were used and then back-calculated to determine (ug/L, mg/L, ng/g).
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Sample Collection
Reason Original Sample
Time Period
Was Not Used
Lamberton
4 TP result suspect
6 Too little sample for analysis
of nutrients and trace metals
16 Original Cu result suspect
24 Too little sample for analysis
of nutrients
26 Original nutrient results
suspect

Averaged Sample Time Periods
Used To Calculate Result
Regression of TN samples from Year 1 of
study
5, 7, 18, 19, 20
15, 17, 2, 3, 4
23, 25, 10, 11, 12
25, 14, 12, 13, 1

Camp Ripley
5 TP result suspect
18 Too little sample for analysis
of nutrients and trace metals
20 Too little sample for analysis
of nutrients and trace metals
28 Original nutrient results
suspect

Regression of TN samples from Year 1 of
study
17, 19, 4, 5, 6
19, 21, 6, 7, 8
13, 12, 1, 14, 25, 26, 27

Marcell
4 Original Cu result suspect
5 Original Cu result suspect
14 No sample received

3, 2, 16, 17, 18, 19, 20, 6
19, 20, 6, 18, 17
27, 13, 26, 1, 15

2 No sample received
4 No sample received
8 Original nutrient results
suspect, Original Cu result
suspect
9 Original Cu result suspect
16 No sample received
29 No sample received

1, 17, 3, 18
3, 18, 1, 17, 5, 6, 19
21, 7, 20, 22,

Fernberg

22, 21, 10, 11, 23, 24
15, 28, 1, 17
28, 15, 17, 1
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Phosphorus in Precipitation Study
SOP #1
Total P and Total N (TPTN) and/or Dissolved P and Dissolved N (DPDN) Digestion
(6/13/00 Kelly Thommes)

DIGESTION:
1. Samples will be analyzed on the Lachat autoanalyzer for both Total Phosphorus and Total Nitrogen
(TPTN, unfiltered) and/or Dissolved Phosphorus and Dissolved Nitrogen (DPDN, filtered
through a 0.45 µm filter). Forty-eight samples can be processed per batch (this includes QA/QC
samples).

2.

Print out sample names using the plastic labels and place on acid-washed 60-mL HDPE bottles.
Include project initials, site #, type of water sample (SW or GW), TPTN or DPDN, site name,
date, and time. Include calibration standards, check standards, blanks, digestion efficiency
standards, duplicates, spikes, lab-fortified blanks, and samples. Ten percent blanks and
duplicates should be included. If enough sample exists, use the same sample for the duplicate as
for the spiked sample. Include one spiked-sample and one lab-fortified blank for phosphorus and
one spiked-sample and one lab-fortified blank for nitrogen. Use Deionized (DI) water for the zero
calibration standards, blanks, and lab-fortified blanks.

3.

Using the spreadsheet generated for labels, record the weight of the labeled bottles (with cap)
using the analytical balance connected to the laptop computer.

4.

Remove cap, and tare the 60-mL HDPE bottle on the balance. Pour 20 g (+/- 0.5 g) calibration
standard, check standard, efficiency standard, duplicate, blank, or sample into the 60-mL HDPE
bottle. Remove the bottle and replace cap. Tare the balance and record weight of the
bottle+sample with cap.

5.

When pouring out the spiked-sample or lab-fortified blank, record the sample weight (20 g +/- 0.5
g). Using a calibrated auto pipette, add 3 mL of the 100 µg P/L calibration standard for the
phosphorus spiked-sample and phosphorus lab-fortified blank. Add 3 mL of the 8.00 mg N/L
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calibration standard for the nitrogen spiked-sample and nitrogen lab-fortified blank. Record
weights of spike added.

6.

Using the calibrated 5-mL auto pipette, add 5 mL of digestion solution (made from the ND-SOP)
to each bottle. Cap tightly and shake to mix. Place loosely capped sample bottles in autoclave
and digest for 15 min at 121 oC and 16 psi. Remove samples from autoclave and cool in freezer
for 20-30 min (keep caps loosened). When cool enough to handle, add 0.5 mL of 11 N H2SO4 to
each bottle, cap tightly, and shake to mix. Place loosely capped bottles back into autoclave for an
additional 30 min at 121 oC and 16 psi. Again, cool samples in freezer. When cool enough to
handle, tightly cap and shake bottles. Dry bottles if wet and record bottle+sample weight.

7.

Samples can now be run using the Lachat autoanalyzer. Samples should be run preferably the
same day or no more than a couple of days after the digestion.

DIGESTION REAGENTS AND STANDARDS:
Digestion Solution
To a 1-L volumetric, dissolve 10.48 g of granular sodium hydroxide (NaOH) and 42 g of potassium
persulfate (K2S2O8) in approximately 900 mL of DI reagent grade water. When dissolved, bring to
volume.

11 N Sulfuric Acid (H2SO4)
To a 1-L volumetric and in a fumehood, add 305 mL of concentrated sulfuric acid to about 600 mL of DI
reagent grade water. The volumetric should be surrounded by an ice bath while at the same time swirled
to reduce the heat. When cool, bring to volume.

Phosphorus Stock Standard 25 mg P/L
To a 1-L volumetric, dissolve 0.1099 g primary standard grade anhydrous potassium phosphate
monobasic (KH2PO4) that has been dried for one hour or overnight at 105 oC in about 800 mL DI reagent
grade water. Bring to volume and invert to mix.

Phosphorus Working Stock Standard 250 µg P/L
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To a 1-L volumetric, dilute 10 mL Phosphorus Stock Standard to the mark with DI reagent grade water.
Invert to mix.
Nitrogen Stock Standard 200.0 mg N/L as NO3To a 1-L volumetric, dissolve 1.444 g potassium nitrate (KNO3) in about 600 mL DI reagent grade water.
Dilute to mark and invert to mix.

Phosphorus Working Standards 0, 5, 10, 25, 50, 100, 200 µg P/L
5 µg P/L

5 mL of P Working Stock Standard (250 µg P/L) in a 250-mL volumetric

10 µg P/L 10 mL of P Working Stock Standard (250 µg P/L) in a 250-mL volumetric
25 µg P/L 0.25 mL of P Stock Standard (25 mg P/L) in a 250-mL volumetric
50 µg P/L 0.50 mL of P Stock Standard (25 mg P/L) in a 250-mL volumetric
100 µg P/L 1.00 mL of P Stock Standard (25 mg P/L) in a 250-mL volumetric
200 µg P/L 2.00 mL of P Stock Standard (25 mg P/L) in a 250-mL volumetric

Nitrogen Working Standards 0.00, 0.20, 0.40, 1.00, 4.0, 8.0, 20.0 mg N/L
0.20 mg N/L

0.25 mL of N Stock Standard (200.0 mg N/L) in a 250-mL volumetric

0.40 mg N/L

0.50 mL of N Stock Standard (200.0 mg N/L) in a 250-mL volumetric

1.00 mg N/L

1.25 mL of N Stock Standard (200.0 mg N/L) in a 250-mL volumetric

4.0 mg N/L 5.00 mL of N Stock Standard (200.0 mg N/L) in a 250-mL volumetric
8.0 mg N/L 10.0 mL of N Stock Standard (200.0 mg N/L) in a 250-mL volumetric
20.0 mg N/L

25.0 mL of N Stock Standard (200.0 mg N/L) in a 250-mL volumetric

Check Standards Amp 2 for TN and TP (Record Lot # on volumetric and bench sheet)
5 µg P/L, 25 µg P/L, 100 µg P/L with 0.30 mg N/L, 10 mg N/L

Stock Adenosine 5’-triphosphate disodium salt hydrate (Aldrich A26209) 99% pure, 50 mg
P/L
To a 1-L volumetric, dissolve 0.2996 g Adenosine 5’-triphosphate disodium salt hydrate that has been
dried for one hour or overnight at 105 oC in about 800 mL DI reagent grade water. Bring to volume and
invert to mix.

Phosphorus Efficiency Standard 100 µg P/L
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To a 250-mL volumetric, add 0.50 mL Stock Adenosine (50 mg P/L) and bring to volume.

Phosphorus Efficiency Standard 25 µg P/L
To a 250-mL volumetric, add 0.125 mL Stock Adenosine (50 mg P/L) and bring to volume.

Stock Glutamic Acid 100 mg N/L
To a 1-L volumetric, dissolve 1.3366 g glutamic acid that has been dried for one hour or overnight at 105
o

C in about 800 mL DI reagent grade water. Bring to volume and invert to mix.

Nitrogen Efficiency Standard 8.00 mg N/L
To a 250-mL volumetric, add 20.0 mL Stock Glutamic Acid (100 mg N/L) and bring to volume.

Nitrogen Efficiency Standard 1.00 mg N/L
To a 250-mL volumetric, add 2.50 mL Stock Glutamic Acid (100 mg N/L) and bring to volume.

AUTOMATED COLORIMETRIC PROCEDURE ON THE LACHAT QUICHEM 8000
AUTOANALYZER
Phosphorus
Method

Nitrogen

SCWRS Method

10-107-04-1-A

Sample Loop

133 cm

Microloop

Interference Filter

880 nm

520 nm

Chemistry

Bipolar

Direct

Inject to Peak Start
Peak Base Width
% Width Tolerance
Threshold
Method Cycle Period
Probe in Sample
Sample reaches 1st Valve
Load Period
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LACHAT REAGENTS

PHOSPHORUS MANIFOLD
Stock Ammonium Molybdate Solution
To a 1-L volumetric, dissolve 40.0 g ammonium molybdate tetrahydrate [(NH4)6Mo7O24•4H2O) in
approximately 800 mL of DI reagent grade water. Dilute to mark and mix with a magnetic stirrer for at
least four hours. Store in plastic and refrigerate.

Stock Antimony Potassium Tartrate Solution
To a 1-L volumetric, dissolve 3.0 g antimony potassium tartrate (potassium antimony tartrate hemihydrate
K(SbO)C4H4O6•1/2H2O) in approximately 800 mL of DI reagent grade water. Dilute to mark and mix
with a magnetic stirrer until dissolved. Store in a dark bottle and refrigerate.

Working Molybdate Color Reagent
To a 1-L volumetric, add approximately 500 mL DI reagent grade water and 20 mL concentrated H2SO4.
Swirl until cool and add 213 mL of Stock Ammonium Molybdate Solution, then add 72 mL of Stock
Antimony Potassium Tartrate Solution. Dilute to mark and invert to mix. Degas with helium.

Working Ascorbic Acid
To a 1-L volumetric, dissolve 60.0 g ascorbic acid in approximately 900 mL of DI reagent grade water.
When dissolved, dilute to mark. Degas with helium. Add 1.0 g sodium dodecyl sulfate
(CH3(CH2)11OSO3Na). Invert to mix. Prepare fresh weekly.

Phosphate Carrier 0.231 N H2SO4
Dilute 21 mL of 11 N Sulfuric Acid to 1-L volumetric with DI reagent grade water. Degas with helium.

Sodium Hydroxide-EDTA Rinse
To a 500-mL volumetric, dissolve 32.5 g sodium hydroxide (NaOH) and 3 g tetrasodium ethylenediamine
tetraacetic acid (Na4EDTA). Dilute to mark and invert to mix. Store at room temperature. Use this to
clean phosphorus manifold lines. Pump reagent through for about five minutes followed by DI water for
five minutes.
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NITROGEN MANIFOLD
15 N Sodium Hydroxide (NaOH)
To a 500-mL volumetric, add 75 g NaOH very slowly to approximately 250 mL of DI reagent grade
water. Caution: the solution will get very hot. Swirl until dissolved. Cool and store in a plastic bottle at
room temperature.

Ammonium Chloride Buffer, pH 8.5
To a 1-L volumetric, dissolve 85.0 g ammonium chloride (NH4Cl) and 1.0 g disodium ethylenediamine
tetraacetic acid dihydrate (Na2EDTA•2H2O) in approximately 800 mL DI reagent grade water. Dilute to
mark and invert to mix. Adjust pH to 8.5 with 15 N sodium hydroxide.

Sulfanilimide Color Reagent
To a 1-L volumetric, add approximately 800 mL DI reagent grade water. Add 100 mL 85% phosphoric
acid (H3PO4), 40.0 g sulfanilimide, and 1.0 g N-(1-naphthyl)ethylenediamine dihydrochloride (NED).
Shake until wetted and stir to dissolve for 30 min. Dilute to mark and invert to mix. Store in a dark
bottle. This solution is stable for one month.

REFERENCES

Standard Operating Procedure For the Analysis of Total Phosphorus and Total Nitrogen in Water From an
Alkaline Persulfate Digest, North Dakota Dept. of Health, Chemistry Div.

EPA (March 1983) Method 353.2 (colorimetric automated, cadmium reduction)

Lachat (Aug 1994) QuikChem Method 10-107-04-1-A (Nitrate/Nitrite)

Lachat (Feb 1996) QuickChem Method 10-115-01-1-B (Determination of Orthophosphate by FIA
Colorimetry)
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Phosphorus in Precipitation Study
SOP #2
Trace Metal Extraction for Precipitation Samples
(5/15/00 Kelly Thommes)

1. Make up 1 L of 2.5 N HCl. Use high purity acid from Seastar. Include lot # of acid on bench
sheet. When making up acid, anything coming into contact with the acid must be extremely
clean. Volumetric should be acid washed, triple rinsed with DI water, and rinsed with a small
amount of the high purity acid before using. Use a final rinse of DI water.

2. Teflon sample bottles must be labeled with the special plastic lab labels. MPCA sample #’s
should be printed on the labels using the laser printer.
3. We will be running 10% duplicates. After every 10th sample, include a duplicate sample from
that batch. Include 1 lab blank per batch and also run field blanks (acid preservative sent to us) as
samples if available.

4. Record weight of Teflon bottle (including cap) on bench sheet (use laptop hooked to top-loading
balance).

5. While wearing gloves, pour out 25 mL of sample into 60-mL Teflon bottle. Record sample
weight on bench sheet.

6. Working from bench sheet , add 2.5 N HCl in calculated amount to adjust samples to 0.5 N. Use
lab adjustable pipette that has been calibrated prior to each addition. Record weight (using
balance) on bench sheet. Swirl sample to mix.

7. In some instances the sample will need to be diluted with DI-water to adjust the sample to 0.5 N.
Use DI-water that has been recently taken from the “point of use gun” on the Millipore DI unit.
Record weight of DI-water added.
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8. Loosely cap bottles and digest in oven at 85 oC for 30 min. Include a PP bottle with DI and
thermometer to determine when samples reach 85 oC (usually 1-1.5 hours) and then digest for 30
min. after samples have reached the appropriate temperature.

9. After digestion, cool completely in a refrigerator or freezer, cap tightly, and weigh bottle on
balance. Record weight.

10. Calculate dilution and sample matrix.

11. Digested samples should be stored in refrigerator prior to sending to U of MN (Rick Knurr) for
ICP-MS analysis. Send Rick approximately 100 ml of sample matrix for standards (i.e. 0.5 N
HCl sample matrix-dilute 2.5 N HCl).

Trace metals of interest: Ni, Cu, Cd, Pb, Zn, Cr, Co, Se, Fe, Mn, Ca, Al
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OVERVIEW
The U.S. Fish and Wildlife Service (Service) has responsibility to protect and conserve migratory
birds as part of four international treaties (Mexico, Japan, Canada, and Russia) and the Migratory
Bird Treaty Act. As part of this mission, the Service is working to address human-caused sources of
mortality by developing and providing information on options for reducing hazards to migratory
birds. Bird collisions associated with building glass and building lighting are hazards where a variety
of potential avoidance and minimization options exist. This document is intended to provide
straight-forward options for reducing bird collisions with buildings by offering recommendations for
simple, no cost building occupant best practices; low cost avoidance and minimization actions; and
strategies for new buildings, building renovations, and building retro-fits.

THE ISSUE

Birds generally do not see clear or reflective glass (Klem and Saenger 2013). Glass reflectivity and
transparency create a lethal illusion of clear airspace that birds do not see as a barrier. During the
daytime, birds collide with windows because they see reflections of the landscape in the glass (e.g.,
clouds, sky, vegetation, or the ground); or they see through glass to perceived habitat (including
potted plants or vegetation inside buildings) or to the sky on the other side. At night, during spring
and fall bird migrations when inclement weather occurs, birds can be attracted to lighted structures
resulting in collisions, entrapment, excess energy expenditure, and exhaustion (Manville 2009). This
phenomenon has resulted in a number of concentrated avian mortality events. These mass events
are less common at city, office or residential buildings, but still a possibility under the right weather
and lighting conditions. The majority of collisions with both residential and urban buildings happen
during the day, as birds fly around looking for food. Large avian mortalities at night more frequently
occur at communication towers, offshore drilling platforms and in other situations where there is a
bright light source in a dark area, especially during inclement weather.
Annual bird mortality resulting from window collisions in the U.S. is estimated to be between 365988 million birds (Loss et al. 2014). While most people consider bird/glass collisions an urban
phenomenon involving tall, mirrored-glass skyscrapers, the reality is that 56% of collision mortality
occurs at low-rise (i.e., one to three story) buildings, 44% at urban and rural residences, and <1% at
high-rises (Loss et al. 2014).
In an effort to reduce bird collisions with building glass, the Service’s Division of Migratory Bird
Management has compiled the following list of best practices and best available technologies. These
best practices are grouped into measures that can be implemented at residences and office buildings,
and provides options for both new buildings, and for existing building renovations and retro-fits.
Many of these measures not only provide protection to birds, but also provide energy and cost
savings to building owners.

THE AVOIDANCE/MINIMIZATION OPTIONS

The Service recommends the following options to avoid and minimize bird/glass collisions. Any
mention of trade names or commercial products in this document or the documents or websites
referenced within does not constitute endorsement or recommendation by the Federal government.
Readers should be aware that each product has benefits and limitations. Users of these products
should work with technical experts to determine which specific product may work best for a
particular application.
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GLASS OPTIONS
There are a variety of glass and window design options that can be integrated into building designs
to reduce mortality from bird collisions. The goal of these glass options is to create a visual signal or
cue to help birds detect and avoid glass. To make an effective virtual cue, all window treatment
should be applied to at least the first two to three stories or the height of the adjacent vegetation.
However, applying treatments to just the first story windows or known problem windows can be
helpful as well.

Create Your Own Pattern
The key to creating bird-friendly glass is to increase visual noise on the surface of the glass. Visual
noise is a visible pattern that breaks up transparent or reflective areas of glass enough that birds
perceive they cannot fit through the transparent or reflective areas. There is still research needed to
determine the most effective dimensions of various visual patterns on glass for bird strike
prevention. However, in general, vertical
stripes that are at least ¼ inch wide with a
maximum spacing of 4 inches, and
horizontal stripes that are at least ¼ inch
wide with a maximum spacing of 2 inches
have been effective at preventing strikes
of most birds (Sheppard 2011; Klem
2009). Because hummingbirds are so
much smaller than other birds, closer
spacing of the elements of any pattern
(striped or otherwise) will be necessary.
Also, when using patterns other than
stripes, closer spacing of elements is
recommended because a series of smaller
images like dots will not break up the
image shows how pattern spacing on glass can work to deter birds.
glass as much as stripes using the 2” X 4” The
Images by ABC and Roy Hancliff
spacing rules.
Pattern color contrast is important as well.
Use colors that contrast well against the
background or reflections (e.g., white
stripes may be more effective than black
stripes if there is a consistent reflection of
dark color on the glass surface). The image
to the right depicts the importance of the
contrast between the color of the window
pattern and the background. Notice that
the white stripes are significantly more
visible than the black stripes with the dark
reflections on this window.

Photos by Christine Sheppard, ABC
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Applying a product to the outer surface (surface #1) of the glass is always most effective. Applying
a product to surface #2 or #3 (inner surfaces) can be effective if surface #1 is not so reflective that
the pattern beneath is not visible to birds(see Fig. 1).

Fig 1: Window Surface Diagram – Depicts surface #1 (outside facing pane),
surface #2 (inside of outside facing pane), surface #3 (inside of inside facing
pane and) and surface #4 (inside facing pane).

Image by NcLean/CC BY

This image shows an example of a
striped glass pattern that can be
effective for preventing strikes of
most birds (smaller spacing may
be needed for hummingbirds).
This particular pattern has been
applied to the exterior surface
(surface #1) of the window.

Striped glass pattern. Photo by Christine Sheppard, ABC

This image shows an example of
non-striped pattern that can be
effective for preventing strikes of
most birds (smaller spacing may
be needed for hummingbirds).
This pattern has also been applied
to the exterior surface (surface
#1) of the window.

Dot pattern applied to the exterior of a National Renewable Energy Laboratory (NREL)
building to help prevent bird collisions. Dots are approximately 1/2” in diameter spaced 2”
vertically and horizontally. Photo by Dennis Schroeder, NREL 31193
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There are several ways you can create your own patterns on glass. To see recommendations for
creating your own patterns on glass, visit the Solutions and Materials section of the Bird-Safe
Glass Foundation resources webpage (http://www.birdsafeglassfoundation.org/contactus/resources/).

Install a Special Film, Glass or Covering
External Films and Coverings

There are several effective external film and glass covering options. Some options are more
expensive, but are highly effective. Films are good for retrofit applications. A drawback, however, is
that they only have a guarantee lifetime of 5 to 7 years, although they may last longer. To see a list
of the latest recommendations in external films and covering products, visit the Solutions and
Materials section of the Bird-Safe Glass Foundation resources webpage
(http://www.birdsafeglassfoundation.org/contact-us/resources/).

A bird friendly film was applied at the entrance of the Ding Darling Education Center at the J. N. "Ding" Darling National Wildlife
Refuge. Photo shows entrance before (left) and after (right) application. Photos by USFWS

Fritted Glass

Fritting is the use of ceramic lines, dots or patterns that are most often placed on the #1 surface
(outside-facing pane) or #2 or #3 (interior panes) (see Fig.
1) of insulated glass. Fritting is a commonly used measure,
but is more expensive than other types of window
coverings. This technique allows humans to see through
the glass while reducing the transparency of the glass. It
also provides energy savings by reducing heat gain, while
still allowing day-lighting of buildings (Sheppard 2011).
To see a list of the latest recommendations in fritted glass
products, visit the Solutions and Materials section of the
Bird-Safe Glass Foundation resources webpage
(http://www.birdsafeglassfoundation.org/contactFritted glass on window. Photo by Christine Sheppard, ABC
us/resources/).
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Ultraviolet Patterned Glass

Birds see in the ultraviolet (UV) spectrum so using glass that reflects UV light in a pattern can
reduce bird collisions. While this glass is typically more expensive than other treatments, it is
comparable in price to other energy-efficient glass (Eisenberg 2010). As of 2015, few UV patterned
products are available. However, this option may be desired when seeking a product that is
generally not visible to humans, but provides some benefit to birds. To see a list of the latest
recommendations in ultraviolet patterned glass products, visit the Solutions and Materials section
of the Bird-Safe Glass Foundation resources webpage
(http://www.birdsafeglassfoundation.org/contact-us/resources/).

Screens and Netting

Installing external screens or netting on windows is an effective and relatively inexpensive treatment.
Screens reduce reflection and injury by providing a cushion between the bird and the window. This
treatment can be installed on individual panes or attached to a façade. To be effective, the netting
must be placed far enough in front of the window that a bird hitting it will not collide into the glass
behind. The netting should have openings no larger than ½ inch. Several companies sell screens or
other barriers that can be attached with suction cups or eye hooks. These treatments can be used on
new construction, renovations, and retro-fits. To see a list of the latest recommendations in screen
and netting products, visit the Solutions and Materials section of the Bird-Safe Glass Foundation
resources webpage (http://www.birdsafeglassfoundation.org/contact-us/resources/).

Basic home window screen. Photo by Christine Sheppard, ABC

Window netting installed feet from window on slanted wooden beams. Photo by USFWS
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Architectural Features

Building designers can use features such as overhangs, shutters, louvers, mesh and awnings to
reduce glass reflections or reduce visibility into transparent areas.

Shading was applied around the windows on the exterior of the Research Support Facility (RSF) at the
National Renewable Energy Laboratory (NREL) to reduce glare and overheating of the building
interior. These windows are also bird friendly. Photo by Dennis Schroeder, NREL 19798

Shutters overhang windows at a facility at the San Diego Zoo. Photo by Christine Sheppard, ABC
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LIGHTING OPTIONS
Eliminating or reducing unnecessary lighting is
one of the easiest ways to reduce collisions
while also saving energy and reducing costs to
building owners. Note that these measures will
not eliminate collisions, and their effectiveness
is highly dependent on local conditions,
including the degree of bird friendly design and
practices of neighboring buildings.

Lighting Design

Photo by Eddypoon/CC BY

a. Avoid unnecessary lighting, including perimeter lighting.
b. Install motion sensors on all lights (both interior and exterior) that activate only when
people are present. Motion sensors are fairly inexpensive and save energy. This is
especially important during the bird migration periods (early April through late May and
mid-August through early November), and periods of inclement weather.
c. Ensure all exterior lighting is “fully shielded” so that light is prevented from being
directed skyward. “Fully shielded” light fixtures are defined as those with an opaque
shield so that all light is emitted below the lowest light emitting part of the fixture.
“Fully shielded” is the same as “zero up light” and “dark sky compliant”. See Appendix
A for examples of acceptable fixtures.
d. Comply with all Federal Aviation Administration obstruction and marking guidelines by
ensuring that required obstruction lighting is comprised of only L-864 strobe lights with
appropriate flash rates and extinguish all steady burning L-810 lights (FAA 2007,
Patterson 2012).

Lighting Operation
a. Ensure that any lights that are not motion-activated are turned off at night; especially
architectural lighting, upper story interior lighting, and lobby or atrium lighting.
b. Eliminate the use of decorative/vanity lighting during the bird migration periods (earlyApril through late May and mid-August through early November). This includes upward
directed spot- and flood-lights, and roof-top lighting.
c. “Lights Out” programs exist throughout major cities across the country to encourage
buildings to reduce light pollution during migration. For more information visit
Audubon’s Existing Lights Outs Programs webpage
(https://www.audubon.org/conservation/existing-lights-out-programs).
d. Install window coverings to prevent light spill.
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LANDSCAPING OPTIONS
Exterior




Where habitat is
adjacent to, seen
through or reflected in
any glass structures
(e.g., windows, bus
shelters, guard rails,
glass walls, etc.), treat
the glass using one of
the Glass Options
listed above. Avoid
creating an effect where
landscaping funnels
birds towards glass
panes (e.g., walkways,
passageways, edges) or
where approaches to a
building (vehicles or
people) flush birds
towards windows.
An example of where trees and shrubs are reflected in the glass and create a type of funnel effect
near the entrance of a building. Photo by USFWS
Avoid using glass in
supplemental structures (e.g., bus shelters, guard rails, glass walls, etc.).
When it is not possible to avoid using glass for these structures, use only highly effective
Glass Options to treat these structures. See the Solutions and Materials section of the
Bird-Safe Glass Foundation resources webpage
(http://www.birdsafeglassfoundation.org/contact-us/resources/) for a list of tested
materials and their product effectiveness rating.

Interior


If you have indoor plants, trees or
shrubs, either treat the adjacent glass
or move all plants away from clear
glass windows far enough that they
can’t be seen from the outside by
birds. If you were at window level
looking in, could you see the plant? If
the answer is “yes”, then birds can
probably see it too.
An example of where a potential bird hazard has been created by
placing plants inside of a building near the window. Photo by
USFWS
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IMPLEMENTATION
Measures for a Residence
Assess your home’s risk for bird collisions

Not all windows are equally hazardous. The most hazardous windows are likely those that are most
reflective of bird habitat (e.g., trees, shrubs, flowers, sky), and closest to areas where you see birds
when they are active.
Professional assistance is available to assess your home’s risk for bird impacts, and to identify
specific problem areas and apply avoidance/minimization measures. However, these services are
likely at a cost to the homeowner. One example of this type of service is the Fatal Light Awareness
Program (FLAP), which offers a risk assessment service for this purpose. To learn more about this
service, visit the FLAP BirdSafe Building Risk Assessment website (http://www.flap.org/bird-safeconsulting.php) and contact their assessment team to see if a local assessment can be arranged. You
can also pinpoint problem areas by conducting regular monitoring around your home for dead or
injured birds, or noting where you observe collisions.
You can also do your own assessment by conducting regular monitoring around your home,
especially in areas that are potentially problematic. Monitoring can identify problem areas and tell
you how frequent collisions occur. Monitoring is recommended even after collision prevention
measures have been applied to ensure treatments are working. To monitor around your house,
follow these basic steps in the early morning (around 8am or before) at least a few times a week and
daily, if possible, during bird migration periods (early April through late May and mid-August
through early November):
1. Walk around your house looking at the ground below windows for dead birds;
2. Inspect each window for feather spots or bird imprints; inspect windows daily when bird
feeders are in use;
3. If you find an injured bird, per 50CFR 21.31(a), you may pick it up only if you intend to take
it immediately to a rehabilitator. If the bird is dead, or you do not intend to take the bird to
a rehabilitator, you should not attempt to handle the bird, unless you are permitted to do so.
If necessary, contact a wildlife official or agency or local licensed wildlife pest control
company that is permitted for the possession, handling, transport, and disposal of migratory
birds.
4. If helpful, maintain a personal log of information about any dead or injured birds you find
during your searches including the species and locations were the birds were found. Logs can
be useful for helping you remember where collisions occur and revealing recurring problem
areas over time.
Basic guidance for monitoring can be found in the Monitoring section of the Bird Safe Glass
Foundation resources webpage (http://www.birdsafeglassfoundation.org/contact-us/resources/).
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Implement Measures

After you have identified which windows may be causing bird collisions, you should follow the steps
below to reduce the risk of collision.
1. Ensure proper operation of window covers
Proper operation of window covers can help reduce bird collisions, but should be paired with a
window treatment using one of the Glass Options listed above for optimal results.






If you have blinds, keep them partially
opened during the daytime when birds are
concentrated, especially during bird
migration periods (early April through late
May and mid-August through early
November), and closed completely at
night. A partially open blind during the
day will appear as a striped pattern that can
break up reflections.
If, during the day, you notice birds are still
colliding, it may mean a reflection is still
occurring, and you should consider an
Photo by Elf/ WC PD
exterior window treatment.
If you have shades, apply a pattern to the shade on the window side and keep them
closed as much as possible during the day, particularly when the room is not in use. Use
strong contrasting colors in the design so the bird can see it through the window and any
reflection. At night, close them completely to keep the escape of indoor lighting to a
minimum.

2. Apply a window treatment
Exterior treatments applied on the outside of see-through windows and reflective glass is the
most effective action to prevent bird-glass collisions. However, applying treatments on the
inside can also be helpful. If you can see the markings from the outside of the window from
window level, birds probably can too. Check this several times during the day, as reflections
may only occur during certain light conditions. See options under Glass Options for a list of
window treatment options for existing structures.
3. Distance bird feeders appropriately
Once you have treated your glass, be sure to place your bird feeder 3-feet or less from your
windows; the closer, the better.
4. Reduce light trespass
You can reduce light trespass into the environment with appropriate lighting structures and
operation (refer to items under Lighting Options).
5. Follow landscaping best practices
Following landscaping best practices will ensure a hazardous condition is not created (refer to
items under Landscaping Options).
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Measures for Commercial and Institutional Buildings
Avoiding or reducing bird collisions with windows for commercial and institutional buildings can be
challenging. First, office buildings have a wide range of architectural styles, floor levels, size, type
and configuration of windows. All of these factors influence the risk of bird collisions. Second,
occupants of commercial and institutional buildings may not own the building, making actions to
reduce collisions more difficult. However, whether you own the building or are simply a building
occupant, there are a number of measures you can take to make your building more bird friendly.
The following measures will help reduce bird attraction to your building, and many of them will save
in overall building maintenance and energy costs.

Assess your building’s risk for bird collisions

Professional assessments are available to assess your building’s risk for bird impacts and for
identifying specific problem areas (note: this is likely at a cost). The Fatal Light Awareness Program
(FLAP) offers a risk assessment service for this purpose. To learn more about this service, visit the
FLAP BirdSafe Building Risk Assessment website (http://www.flap.org/bird-safe-consulting.php)
and contact their assessment team to see if a local assessment can be arranged. There are also several
ways to conduct your own assessment to identify potential problem areas. Not all windows are
equally hazardous. Check to see which of your windows are most reflective of bird habitat (e.g.,
trees, shrubs, flowers, sky), and closest to areas where you see birds when they are active. You can
also use direct observations of collisions (e.g., dead birds, feather prints on windows, etc.) to
pinpoint problem areas.
An effective and recommended way to identify and verify problem areas is by monitoring regularly
around your building for dead or injured birds, especially in areas that are potentially problematic.
Monitoring can help you track and confirm where regular collisions are occurring and help you
influence changes in these areas (e.g., moving plants away from windows) or open a dialogue with
building management for where collision prevention measures may be necessary. Monitoring is
recommended even after collision prevention measures are applied to ensure treatments are working
properly. When establishing your monitoring program, follow these basics steps:


Consider establishing a standardized monitoring plan that all employees helping with the
monitoring effort can follow. Assign people to certain days and times, and map out the
route to follow. It is suggested monitoring be done at least once in the early morning
(around 8am or before) a few times a week and daily, if possible, during bird migration
periods (early April through late May and mid-August through early November).



Collect information about any dead or injured birds that employees report or find during
building searches in a personal log. Logs can be useful for revealing recurring problem
areas over time, and can help communicate and support why and where avoidance and
minimization measures may be necessary to those who will need to assist in
implementing these measures (e.g. building managers, building tenants).
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If you find an injured bird, per 50CFR 21.31(a), you may pick it up only if you intend to
take it immediately to a rehabilitator. If the bird is dead, or you do not intend to take the
bird to a rehabilitator, you should not attempt to handle the bird, unless you are
permitted to do so. If necessary, contact a wildlife official or agency or local licensed
wildlife pest control company that is permitted for the possession, handling, transport,
and disposal of migratory birds.

Basic guidance for monitoring, including suggested fields to be included in a tracking spreadsheet
can be found in the Monitoring section of the Bird Safe Glass Foundation resources webpage
(http://www.birdsafeglassfoundation.org/contact-us/resources/ ).

Implement Measures

After you have identified which windows may be causing bird collisions, you should follow the steps
below to reduce the risk of collision.
Use Window Covers (Blinds and Shades)
Window covers should be paired with a window treatment using one of the Glass Options listed
above for optimal results in helping reduce bird collisions.
 If you have blinds, keep them partially opened during the daytime when birds are
concentrated, especially during bird migration periods (early April through late May and
mid-August through early November), and close them completely at night. A partially
open blind during the day will appear as a striped pattern that can break up
reflections. If, during the day you notice birds are still colliding, it may mean reflection is
still occurring, and you should consider an outside window treatment.
 If you have shades (and it is OK with building management to do so), apply a
pattern to the shade on the window side and keep them closed as much as possible
during the day, particularly when the room is not in use. Use strong contrasting colors in
the design so the bird can see it through the window and any reflection. At night, close
them completely to keep the escape of indoor lighting to a minimum.
Avoid or Minimize Evening Lighting
 Building Occupants – If the lights are on when you are leaving for the evening, turn
the lights off, especially in windowed offices, and encourage others to do the same.
 Building Owners – Conduct building cleaning during the daytime. This will reduce bird
incidents at night and provide energy and cost savings. Daytime cleaning may also result
in salary savings by eliminating nighttime overtime cleaning costs.
Avoid or Minimize Interior Landscaping
If you have indoor plants, trees and shrubs, move them away from clear glass windows far enough
that they can’t be seen from outside by birds. If you can see the plant standing at window level and
looking in, then birds can probably see it too.
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Apply a Window Treatment or Barrier
If you are a building occupant, this is something you will likely have to work with building
management to approve and implement since it requires modification of the building windows.
However, if it is an option, exterior treatments applied on the outside of see-through windows and
reflective glass is the most effective action to prevent bird-glass collisions. If exterior treatments are
not an option, applying treatments on the inside can also be helpful. If you can see the markings
from the outside of the window at window level, birds probably can too. Check this several times
during the day, as reflections may only occur during certain light conditions See items under Glass
Options for a list of window treatment options for existing structures.

Educate Others

Take steps to educate building owners and occupants about the risk of bird collisions and the simple
steps that can be taken to reduce collisions such as turning off lights and closing window coverings
at night.

Measures for New Buildings, Building Renovations and Retro-fits
Building Design





Follow the LEED Pilot Credit 55: Bird Collision Deterrence recommendations for new
construction (http://www.usgbc.org/Docs/Archive/General/Docs10402.pdf).
Minimize the number of, or co-locate roof-top antennas. Make all antennas free standing
(i.e., no guy wires).
Use architectural features to reduce the amount, reflectivity, and transparency of glass.
If clear glass corridors, skyways, walkways, or courtyards are proposed it is imperative to use
bird collision mitigation measures.

Glass Design/Pattern


Avoid over-use of glass: keep the percentage of total glass below American Society of
Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE) standard of 40% of
surface area (ANSI/ASHRAE/IES Standard 90.1 2013).
 Use smaller pane sizes – less than 2.5 square meters - when possible.
 Do not use reflective glass. Use opaque, etched, or patterned glass that meets the suggested
pattern dimensions, or has a Materials Threat Score of less than 30 (see LEED Pilot Credit
55: Bird Collision Deterrence; U.S. Green Building Council 2011). Refer to items 1-6 under
Glass Options for glass and window design and treatment recommendations.

Lighting


Refer to items under Lighting Options for best practice recommendations for lighting design
and operation.

Landscaping


Refer to items under Landscaping Options for landscaping best practices.
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APPENDIX A. Examples of lighting fixtures.
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Record of Document Revisions
3/16/16 – Removed the following sentence from page 11, #3: “If your feeders cannot be placed within 3 feet
of a window, they should be placed at least 30 feet away.” The latest science indicates that distances greater
than 30 feet may not be beneficial; and, in fact, may be detrimental.
7/27/16 – Corrected typos and clarified instruction on pages 10 and 13 regarding what to do with dead or
injured birds that are discovered.
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Survey Protocol Guidance Development

A team of USFWS biologists developed survey protocols for B. affinis that are effective in meeting
survey objectives and unlikely to negatively impact the species. We obtained informal peer review
by bumble bee experts including biologists from local, State, and Federal agencies; scientific and
academic institutions; and conservation organizations. We considered the best available
information for all aspects of the guidance and will continue to work with surveyors to collect
additional data on the distribution and ecology of Bombus affinis. This guidance document is subject
to continual improvement and modification.
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Introduction and Purpose

Once widespread and abundant, the rusty patched bumble bee (Bombus affinis) has undergone
precipitous declines and was listed as an endangered species under the Endangered Species Act on
January 11, 2016 (FR 50 CFR 17 3816 January 11, 2017). Just 20 years ago, sightings of B. affinis
were common, and it was considered relatively abundant across 28 states, the District of Columbia
and two Canadian provinces (USFWS 2016, p.3). Since then, it has experienced a swift and dramatic
decline in abundance and distribution of approximately 90 percent or more. We are aware of
records of B. affinis in isolated places within 13 states and 1 province since 2000 (FR 50 CFR 17
3816 January 11, 2017). The species’ distribution has declined across its range in the U.S., for
example, since 2007; point records occur only in 10 states and 66 counties in the U.S. (USFWS
unpublished geodatabase, February 22, 2018). Similar declines have occurred in Canada where it
was listed as Endangered on Schedule 1 of the Species at Risk Act in 2012 (Environment and
Climate Change Canada 2016, p. iv).
While we recognize the great importance of conducting surveys for bees (and other insects), we
need to be particularly cautious in areas that may contain B. affinis. The rusty patched bumble bee
is so imperiled that every remaining population is important for the continued existence of the
species. We must carefully consider the benefits of bee (and other insect) survey versus their
potential to negatively impact the rusty patched bumble bee. Therefore, we recommend non-lethal
protocols in areas where we may encounter the species (e.g., areas within High Potential and
Survey Protocols for the Rusty Patched Bumble Bee (Bombus affinis)
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Primary Dispersal Zones where the occupancy is uncertain or extant, see definitions below and
online at https://www.fws.gov/midwest/Endangered/insects/rpbb/rpbbmap.html).

Survey effort throughout the historic range of B. affinis has not been systematic and the occupancy
of some sites is uncertain. For these reasons the Service recommends non-lethal survey protocols in
areas where there is a relatively high potential of encountering the species and in areas where
there is a low, but still some, potential of encountering the species. We have developed a habitatdispersal distance model (the Habitat Connectivity Model is described online at
https://www.fws.gov/midwest/Endangered/insects/rpbb/rpbbmap.html) that identifies
geographic areas to focus survey effort and where to be cautious regarding potential take
associated with surveys.
The objectives of the survey protocols are to: (1) Find and document new B. affinis locations; (2)
Determine if B. affinis are still extant at previously documented locations; (3) Monitor bumble bee
populations to determine long-term population trends, relative abundance and species richness;
and (4) Provide protocol recommendations for areas locations we believe are unoccupied by B.
affinis.

Because B. affinis surveys can result in take (by capture), such surveys should only be conducted by
a qualified biologist 1. Generally, a recovery permit for B. affinis authorizes the capture of bees for
identification and handling of bees for photography. Following this guidance will meet standard
USFWS requirements for conducting surveys and monitoring under a federal recovery/scientific
permit under section 10(a)(1)(B) of the ESA. However, surveyors also need to ensure they meet all
applicable state permitting and reporting requirements. For further information about obtaining a
federal permit and surveyor qualifications please see Obtaining a permit under the Endangered
Species Act and Frequently Asked Questions available online at
www.fws.gov/midwest/endangered/insects/rpbb/surveyors.html.

This survey protocol provides the U.S. Fish and Wildlife Service’s (USFWS) recommended guidance
on survey methodology and outlines additional reporting requirements for permitees. Future
changes to this guidance may occur and will be posted on the USFWS rusty patched bumble bee
guidance website (www.fws.gov/midwest/endangered/insects/rpbb/surveyors.html) by February
28th of each year. Before conducting surveys, please check the website to ensure use of the most
current version of this document. Contact the FWS Field Office near you
(http://www.fws.gov/offices/) if you are interested in collecting data that is not discussed in this
document.

A qualified biologist is an individual who holds a USFWS Recovery Permit (Federal Fish and Wildlife
10(a)(1)(A) Permit) for B. affinis in the state/region in which they are surveying and/or has been authorized
by the appropriate state agency to capture and handle B. affinis. See Obtaining a permit under the
Endangered Species Act and FAQs available online at
www.fws.gov/midwest/endangered/insects/rpbb/surveyors.html.

1
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Definition of Terms used in this Document

For the purposes of this document, a site is defined as a record (observation point) and the
surrounding area that would typically provide the foraging area for one colony. Studies of other
bumble bee species typically exhibit foraging distances of less than 0.6 mi (1 km) from their nesting
sites (Knight et al. 2005, p. 1816; Wolf and Moritz 2008, p. 422; Dramstad 1996, pp. 163-182;
Osborne et al. 1999, pp. 524-526; Rao and Strange 2012, pp. 909-911). There may be one or more
sites within any of the zones described below.
•

•

•

•

•

High Potential Zones are based on the habitat connectivity model described in detail
online (see Habitat Connectivity Model at
https://www.fws.gov/midwest/Endangered/insects/rpbb/rpbbmap.html). These High
Potential Zones contain extant sites (see definition below) and the surrounding area
considered to have highest potential for the species to be present, as generated from the
model. These zones are not of uniform size and have discrete boundaries that can be used to
determine where non-lethal surveys or scientific recovery permits may be recommended
(Fig.1 and https://www.fws.gov/midwest/Endangered/insects/rpbb/rpbbmap.html). The
zones range from about 1 to 2 miles (1.6 to 3.2 km) from extant sites. For recommendations
regarding protocols and scientific recovery permits in High Potential Zones, see Table 1.
Extant Sites are defined as sites where B. affinis has been documented in 2007 or later,
unless surveyed sufficiently to be considered unoccupied. Ideally, extant sites will have
multiple years with records of the species. If no or little effort has been spent attempting to
relocate the species at the site, then additional surveys are needed before considering the
site to be unoccupied.
Low Potential Zones include: Uncertain Zones (defined below and online at
http://www.fws.gov/midwest/endangered/insects/rpbb/rpbbmap.html) and Primary
Dispersal Zones surrounding High Potential Zones (Fig.1). For recommendations
regarding protocols and scientific recovery permits in Low Potential Zones, see Table 1.
Primary Dispersal Zones are based on the habitat connectivity model described in detail
online (see Habitat Connectivity Model online at
https://www.fws.gov/midwest/Endangered/insects/rpbb/rpbbmap.html). The model
used to create the Primary Dispersal Zones considers the maximum dispersal potential from
known sites and across the range. These zones, although not of uniform size, have discrete
boundaries that can be used to determine where non-lethal surveys are recommended and
where a scientific recovery permit for surveys might be recommended (Fig.1).
Uncertain Zones have records of the B. affinis in 2000 to 2006 out to and including the
surrounding dispersal area, but with fewer than 3 years of negative survey data with
sufficient effort 2 since the last known record. If no or little effort has been spent attempting

Sufficient effort would consist of four approximately equally spaced sampling periods during the sampling
season (early June to mid-August); one-person hour of search time per three acres of suitable high quality
habitat (defined below) using non-lethal netting techniques. This document provides further details on
methods, techniques, and best practices and is subject to continual improvement and modification.
2
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to relocate the species at the site, then additional surveys are needed before considering the
site to be unoccupied. Areas remain uncertain until they have either (1) a positive detection,
when the site would be considered extant or (2) have at least 3 years of negative survey
data (i.e., using the Project Review Protocol or equivalent effort), when they would be
considered unoccupied.
Unoccupied Zones are areas where the likelihood of encountering B. affinis is so low that
the area is considered unoccupied and includes: Areas outside of the High Potential and
Primary Dispersal Zones; sites where last known B. affinis record is from before 2000; and
unoccupied sites (defined below) with at least 3 years of negative surveys with sufficient
effort 3 since the last known record. For recommendations regarding protocols and scientific
recovery permits in Unoccupied Zones, see Table 1.
Unoccupied Sites are where the species has been previously documented since 2000, but
where there have been at least 3 years of negative surveys since the last known record (i.e.,
using protocol 2 or equivalent effort). Sites that only have records older than 2000 are also
assumed to be unoccupied unless new information (e.g., recent surveys) suggests otherwise.

Figure 1. “High Potential Zones” (red dots), Uncertain Zones (blue), and Primary Dispersal Zones yellow)
(together, the Uncertain and Primary Dispersal Zones comprise the “Low Potential Zones”) for B. affinis,
based on a habitat connectivity model and on species survey data compiled through the previous field season.
The gray shaded area is the historical range of B. affinis, and is called the “Unoccupied Zone”. This map is
updated regularly, so we recommend that surveyors visit the FWS RPBB website for the most current
information. Description of the habitat model, an interactive map, and downloadable shapefiles are available
on the RPBB website (https://www.fws.gov/midwest/endangered/insects/rpbb/rpbbmap.html).
3

Sufficient effort would consist of four approximately equally spaced sampling periods during the sampling
season (early June to mid-August); one-person hour of search time per three acres of suitable high quality
habitat (defined below) using non-lethal netting techniques. This document provides further details on
methods, techniques, and best practices and is subject to continual improvement and modification.
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Recommendations for Surveys and ESA Permits within these Zones
Our recommendations for survey protocols and for obtaining a recovery permits within the High
Potential, Low Potential, and Unoccupied Zones is described below (also, see Table 1).

High Potential Zone - With respect to typical foraging distances and potential dispersal
movements of B. affinis, the high potential zones provide a reasonable basis for describing where
the species is likely to be present and where federal agencies and others should consult with the FWS
to evaluate the potential effects of their actions (Table 1). In addition, researchers surveying for or
studying B. affinis in these zones are advised to obtain a scientific recovery permit.

Low Potential Zone – Since the late 1990s, marked and precipitous declines have been recorded in
spatial extent and in the number of existing populations of B. affinis. Initial recovery efforts are
needed around existing populations to avoid extinction of this species. Due to the low number and
small size of most existing populations, looking for additional sites to support recovery may help
prevent the extinction of this species. Low potential zones buffer high potential zones and are much
less likely to support existing populations. However, we are hopeful that B. affinis may be found in
some of these areas based on observed dispersal distances of a closely related species (B. terrestris,
0.6 to 6.2 mi (1 to 10 km, Kraus et al. 2009, p. 249; Lepais et al. 2010, pp. 826-827)). Therefore,
since there is some chance (though low) that a surveyor looking for B. affinis may find one, we
recommend that surveyors in low potential zones obtain a scientific recovery permit (Table 1).
Unoccupied Zones – We believe the likelihood of finding a B. affinis in these areas is so low, that
we do not recommend scientific recovery permits in these areas (Table 1). However, if an insect
researcher is surveying for bees in these areas and is concerned that they may accidentally collect a
B. affinis and would like to obtaina recovery permit, then they may apply for such a permit and
would be authorized to use lethal survey methods, until such time, if ever, that they happen to
collect a B. affinis. At that time, the permit would specify that they switch to non-lethal methods
within the occupied area.
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Table 1 . Quick guide to protocol recommendations based on the location and purpose of the survey, including recommendations whether or not to obtain a scientific
recovery permit. The primary differences between the protocols are the amount of effort that is recommended and whether or not you anticipate handling B. affinis. For
each protocol, the recommended amount of effort per field visit, effort per active season (year), survey duration, and habitat assessment is given. We recommend that
surveyors conduct detailed habitat assessments (available online at
https://www.fws.gov/midwest/Endangered/insects/rpbb/pdf/HabitatAssessmentFormGuideByXercesForRPBB.pdf) at sites with a positive identification of B. affinis.
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Guidelines and Methods

General Guidelines and Best Practices for Surveys

We recommend following the guidelines below.
• Adhere to the Endangered Species Act and determine if you need a survey permit.
Details on how to apply for a permit are provided online at -Obtaining a Recovery Permit
under the ESA and FAQs
(https://www.fws.gov/midwest/Endangered/insects/rpbb/surveys.html ).
FWS only has regulatory authority over listed species.
•
•

Obtain land-owner permission. Written permission is recommended.

Conduct surveys during suitable survey conditions (below).
o Time of Year - Surveys (if handling B. affinis) must be conducted between earlyJune and mid-August, for the highest detection probability and to reduce potential
impacts to B. affinis queens.
o Weather - Surveys should take place when temperatures are above 60°F (15.5°C)
and not during wet conditions (e.g., foggy, raining, or drizzling). Wait at least 1 hour
after rain subsides before conducting a survey. Sunny days with low wind speeds
(less than 8 mph) are optimal. Partially cloudy days or overcast conditions are
permissible if you can still see your shadow.
o Time of Day - Surveys should be conducted at least 2 hours after sunrise and 3
hours before sunset.

Netting Technique. Collect bumble bees directly from flowers. Videos on netting techniques are
available here: https://www.youtube.com/watch?v=SwYbv5bySPQ.
•

•

Handling. Do not hold a bee in a container for longer than 15 minutes, unless you place it in
a cooler with ice to later photograph the bee. Do not hold bees in a cooler with ice for more
than 2 hours and do not place bees directly onto ice. If the air temperatures are above 90°F
(32°C), do not hold for longer than 5 minutes. Bumble bees can easily overheat, so do not
keep vials/bags in direct sunlight. Keep the bees in the shade, if possible. Be careful not to
get stung!

Release. Release bees back on or near flowers on which they were found. If you held bees in
a cooler with ice, first transfer bees to a warm container after being in cooler (as the original
container will fog up when it hits the warm humid air). Place the open vials (or bags) in a
shaded area to allow the bees time to warm up and fly away. Release B. affinis within 15
minutes of capture, if possible.
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Reporting. Report sightings of B. affinis as required on your permit(s). Any collections or
sightings of Bombus bohemicus (formerly B. ashtoni) should also be reported as this is a nest
parasite of rusty patched bumble bee (and B. terricola) and thus could potentially indicate
the presence of B. affinis in the area. Although not required, FWS is also requesting that
surveyors report B. terricola observations and flower use.

Salvage. B. affinis that are found dead or killed accidentally (during authorized surveys)
may be salvaged. Prior to collecting specimen(s), photograph the specimen to document the
condition. Notify the USFWS within 48 hours. Preserve the specimen(s) using standard
museum practices 4 including proper identification and data [include date, complete
scientific and common names, and geographic location (township, range, section, and UTM)
where salvaged], or place in a freezer if unsure how to preserve. All specimens of B. affinis
collected under your federal permit are the property of the United States Government and
should clearly be identified as such. All dead specimens should be sent to a public scientific
or educational facility or museum in the state the individuals were collected along with a
copy of the permit(s) under which they were collected.
Equipment basics – We suggest bringing the following equipment:
o Nets. Use cloth aerial hand nets. Do not use sweep, beater, or wire nets. Netting
should be fairly transparent. In rare cases, some individuals may be permitted to
directly collect B. affinis into vials (see Obtaining a Recovery Permit under the
ESA and FAQs available online at
https://www.fws.gov/midwest/Endangered/insects/rpbb/surveys.html).
o Bags and/or clear vials. If using vials, make sure vials allow for clear
photographing of specimens inside (test before you go into the field). If using plastic
bags, bring extra bags in case moisture builds up or bags get wet. There will be
sufficient air in any of these containers while taking photographs.
o Binoculars - butterfly binoculars are recommended for visual surveys
o Camera (see Appendix A - Standardized Bee Photography for more details)
o Cooler with ice, if applicable
o GPS unit
o Data sheets (digital or paper, for both bee surveys and habitat assessments)
o Pencils
o Timer or stopwatch
o Hand lens or loupe
o Long measuring tape (100+ft)
o Flags or stakes to mark transects
o Field guides
o Federal, State, and Local Permits, if applicable

You may find tutorials and protocols on the World Wide Web, for example, see methods on the University of
Minnesota webapge http://www.extension.umn.edu/youth/mn4H/projects/environment/entomology/collecting-and-preserving-insects/
4
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Methods for Surveys within the High and Low Potential Zones

The following methods are common to all of the recommended protocols in this section (Table 1).
Methods specific to each protocol are provided under each protocol description, below.
Site Selection
• Site selection will depend on the objectives and purpose of your study. Examine recent
aerial photography using Google Earth or other tools to identify potential habitat for bees
(see Appendix B - Habitat for B. affinis). Examine and consider vegetation surveys or
floral lists, if available for the location.

Define the Survey Area
• Determine the area that you would like to survey. The size of the survey area is at your
discretion, but sufficient effort should be applied to the amount of area surveyed (see
Survey Effort, defined for each protocol, below).
• On the field sheet, roughly estimate the size of the surveyed area and/or sketch site.
Delineate the survey area using a GPS program such as ArcGIS to draw polygons around the
area sampled.
• Use a portable GPS device (or map) to record the coordinates (decimal degrees is preferred)
from, at minimum, the four corners of the surveyed area and at the approximate center of
the surveyed area (latitude of eastern and western boundaries and longitude of northern
and southern boundaries).
In Field Habitat Assessments
• If possible, prior to the survey date (if time permits), field-truth the selected area. Check the
area for floral resources.
• On the day of the survey, take representative photographs, showing areas of suitable (high
quality) and unsuitable (poor) habitat.
• At minimum, collect the basic habitat information on the Survey Protocol Data Sheets
(available online at
https://www.fws.gov/midwest/Endangered/insects/rpbb/surveys.html) to quantify the
bees observed and survey conditions, which can affect the species observed. The sheets also
ask for basic information about the available floral resources and major stressors at the site.
• You may conduct more detailed habitat assessments at your discretion – we recommend
using the Xerces Rusty Patched Bumble Bee Habitat Assessment Form and Guide
(https://www.fws.gov/midwest/Endangered/insects/rpbb/pdf/HabitatAssessmentFormG
uideByXercesForRPBB.pdf). This Assessment can help conservation planners and
landowners prioritize conservation actions and quantify habitat or land management
improvements for B. affinis on a single site. It also helps identify specific actions for habitat
improvement and management practices to help protect B. affinis from potential threats.
We recommend that surveyors conduct detailed habitat assessments, particularly at sites
with a positive identification of B. affinis.
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Record Floral Use
• Note the flower (species of plant) being used by any B. affinis found, if applicable. If you are
unsure of the plant species or need help with plant identification, photograph the flower
and diagnostic parts (e.g., stem and leaves) to aid with later identification.

Photographs
• Take several photographs of each B. affinis (and other species of interest in your area, e.g., B.
terricola and B. pensylvanicus). Photographs are required to verify B. affinis observations.
• Representative photographs of each bumble bee species in each sampling location is highly
preferred.
• Photograph the bee from the top (dorsal view) showing the entire bee, including the top of
thorax and abdomen. Also photograph the face from the front and top, and side view of
thorax and abdomen (see Appendix A - Standardized Bee Photography). Short videos of
B. affinis are also recommended.
• If using vials, make sure vials provide clear pictures (test before you go into the field).
• Record GPS location with each associated observation.

Survey Methods
• Start your timer when you begin surveying.
• Catch bumble bees according to protocol specifications, preferably one at a time. Move
bee from aerial net to clear vial, baggie, or plastic bag.
• Pause your timer while you are not actively searching for bees (e.g., while you are putting
bees in your cooler, walking between habitat patches, or taking photographs).
• Depending on the specifics of your survey, you may choose to use blue chalk dust, paint
pens, or nail polish to temporarily mark bees, other than B. affinis, to avoid recapture of
individual bees (e.g., if you process bees right away). Do not mark bees on the wings. In
some cases, marking B. affinis may be permitted for individuals highly experienced in
marking bumble bees - contact your state’s FWS Ecological Services Field Office, if this is
something you are considering.
• In some cases, visual surveys (e.g., using butterfly binoculars) to count or estimate species
other than B. affinis (and B. terricola) may be the preferred method for individuals highly
experienced in identifying bumble bees. Photographic documentation is a necessary
secondary component to visual surveys (e.g., if B. affinis is observed).
Identification and Verification
• See Appendix C – Bee Identification.
• See Appendix D - How to Verify Records.

Release
• Release all Bombus at site of capture, on or near flowers (see Release in General Guidelines
and Best Practices for Surveys, above).
• Process and release B. affinis within 15 minutes of capture, if possible.
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You may choose to release other species of Bombus at the end of the survey to avoid double
counting individual bees.

Reporting
• Report all surveys (positive and negative) as required on state and federal permits.
o We recommend submitting the Survey Protocol Data Sheets (available online at
https://www.fws.gov/midwest/Endangered/insects/rpbb/surveys.html) for
annual permit reports. Using the data sheets will help standardize data collection
and increase efficiency in reporting.
• Record survey and habitat information on Survey Protocol Data Sheets (available online
at https://www.fws.gov/midwest/Endangered/insects/rpbb/surveys.html).
• Contact the FWS Field Office near you (http://www.fws.gov/offices/)
if you find and verify a B. affinis observation, particularly if it is observed in a new location.

Survey Protocols

Photograph Only Surveys

Photo-only surveys are recommended for people who will not be handling B.affinis. You do not need a
permit if you do not handle B. affinis. Surveys to find new populations should place emphasis on
maximizing the possibility of finding additional B. affinis populations through surveying many areas,
rather than repeated sampling in one area (Table 1). Although photographic surveys can be
conducted anywhere, we do not recommend photo only surveys for project reviews.
•
•

•
•
•
•
•

We recommend using the photograph techniques described in Appendix A - Standard Bee
Photography.
We recommend that you submit photos to Bumble Bee Watch (www.bumblebeewatch.org),
BeeSpotter (https://beespotter.org), or a similar website that employs bumble bee experts
to verify the identifications. Qualified scientific experts may also be used to verify
photographic records.
Only good photographs that show key characteristics will be verified.
Notify FWS Field Office near you (http://www.fws.gov/offices/) as soon as possible if you
observe B. affinis, particularly if you observe it in a new location.
Try to count and photograph all B. affinis, at minimum estimate the number of B. affinis
observed. Note the flower that B. affinis is using.
If possible, estimate and note the numbers observed of each species as well as the flower(s)
the bee was using.
Photographic documentation of B.affinis is required to verify the record.
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Rapid Survey Protocol – Surveying Areas to find New Populations

Surveys to find new populations should place emphasis on maximizing the possibility of finding
additional B. affinis populations through surveying many areas, rather than repeated sampling in one
area (Table 1). Rapid surveys are recommended for quick searches for B.affinis within the Unoccupied
Zones. You do not need a permit in the Unoccupied Zones. Depending on the purpose of your study, you
may also choose to use other protocols, such as those described below.
Site Selection – If you have discretion on where you will conduct surveys, we recommend
prioritizing your survey locations near recent records of the species and in areas with high quality
habitat in your geographic area of interest in the Unoccupied Zones. Contact the USFWS Field
Office (http://www.fws.gov/offices/) to help find priority areas within in your area of interest or
use our guidance to help identify priority survey areas (online at
https://www.fws.gov/midwest/Endangered/insects/rpbb/surveys.html).

Distance Between Sites – If you would like to survey multiple sites, spacing of sites will depend on
the size of the survey area you are covering and the available time. In general, we suggest that
surveyed sites be spaced approximately 3 to 5 km (2 to 3 mi) apart to maximize detection of
regional populations of B. affinis.

Survey Effort – Survey for at least one (1) person-hour per three acres of highest quality
habitat in your survey area or continue to sample until at least 150 bumble bees are sighted,
whichever comes first 5. Spend minimal time in lesser quality habitat. Scan the areas for bumble bee
activity and move towards those areas. If bumble bees are not obvious, then travel from flower
patch to flower patch looking for active bumble bees. Do not spend more than a minute at any one
patch if you don’t see any bumble bee activity. Because the purpose of the Rapid Protocol is to find
new locations for the species, preferentially capture bees that match descriptions of B. affinis.

Survey Technique and Methods – Use non-lethal netting techniques.
• Because the purpose of the Rapid Protocol is to find new locations for the species,
preferentially capture bees that match descriptions of B. affinis. Catch bumble bees of
interest, preferably one at a time.
• You may use visual surveys to count or estimate numbers of each species besides B. affinis
(and B. terricola), however, this method is only advised for individuals highly experienced
in identifying bumble bees in the field and is recommended only for commonly observed
species. Indicate degree of confidence in identifications on the data sheets. Photographic
documentation of B.affinis is required to verify the record.
• As you are surveying, make a mental note of other Bombus species observed, if not captured
for photographs. The data sheet will provide space to approximate the numbers of each
species observed. Note how these were counted (i.e. actual counts or estimates) on the data
sheets, to ensure that numbers are not misinterpreted.
5

See Appendix E - Further Information Regarding Sampling Effort.
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Project Review Survey Protocol

Surveys to confirm extant or uncertain site locations should have a standard level of effort at any given
visit, plus repeated sampling during at least one year of the active flight season (Table 1). Because the
purpose of these surveys is to detect B. affinis, sampling may be biased towards finding that species,
however a full Bombus species list is also requested. Surveys should be conducted within a year of
project initiation, however locations can be surveyed for multiple years (e.g., if you want to be
reasonably certain that the species no longer exists in the area, see definitions of an unoccupied zones
and unoccupied sites, above). More information is given in Appendix F –About Surveys for Proposed
or Ongoing Actions that May Impact B. affinis.
Site Selection – Select sampling locations within the High Potential Zone or Low Potential Zone.

Survey Effort - Conduct surveys during four evenly (approximately) spaced sampling periods
during the sampling season (as defined in the General Guidelines and Best Practices section,
above). For each sampling event, survey each suitable habitat patch for a one (1) person-hour per
three acres of the highest quality habitat in your survey area or continue to sample until at least
150 bumble bees are sighted, whichever comes first 6. Because the purpose of Project Review
Protocol is to find new locations for the species, preferentially capture bees that match descriptions
of B. affinis and estimate the number of other Bombus species. Surveys should be conducted within
a year before the project initiation for negative survey results to remain valid for the duration of the
project unless new information (e.g., new positive surveys) suggests that the species is likely to be
present in the action area. Although not required for project review, repeat sampling events in the
same areas (if still suitable) for at least 3 consecutive years are advisable if you are trying to be
reasonably certain that the species no longer occupies the area (see Unoccupied site in Definitions
section, above).
Survey Technique and Methods – Use non-lethal netting techniques
• Preferentially capture bees that match descriptions of B. affinis and other species that
are of particular interest to you. Catch bumble bees of interest, preferably one at a time.
• As you are surveying, note of other Bombus species observed, even if not captured for
photographs. The data sheets provide space to approximate the numbers of each species
observed. Note how each species was counted/approximated on the data sheets, to ensure
that numbers are not misinterpreted.
• You may also choose to capture other species to help you count and photographs them.
• You may use visual surveys to count or estimate numbers of each species besides B. affinis
(and B. terricola), however, this method is only advised for individuals highly experienced
in identifying bumble bees in the field and is recommended only for commonly observed
species. Indicate degree of confidence in identifications on the data sheets. Photographic
documentation of B.affinis is required to verify the record.
6

See Appendix E - Further Information Regarding Sampling Effort.

Survey Protocols for the Rusty Patched Bumble Bee (Bombus affinis)
4/15/2021 10:26 AM

IPaC v5.57.1

Page 13
Page 17

Minnesota-Wisconsin Ecological Services Field Office - Publication Date: February 28,ATTACHMENT
2018
Species Survey Guidelines - Rusty Patched Bumble Bee and 1 more species

C

Recovery Monitoring (Bombus Community) Survey Protocol

Long-term monitoring should be conducted in extant sites or any site where you are interested in
population trends, species richness, and relative abundance of all Bombus species over time (Bombus
community data)(Table 1). Surveys should have a standard level of effort in order to detect changes in
relative abundances over time. Surveys should be conducted multiple times per year for multiple years.
Here, we give two options - one using transects, the other without transects.
Background – Recovery monitoring can be conducted to detect trends in known populations at
extant sites or at other sites at your discretion. The quantity of bumble bees changes throughout
the warm months as worker populations increase or decrease. For example, bees are subject to
many environmental and health factors that impact the number of workers produced by each
bumble bee colony. Additionally, over time, bumble bee habitat suitability changes as floral
landscapes change composition. Because suitable habitat may change locations from one year to
the next and bumble bee numbers fluctuate throughout the season, quantifying populations can be
difficult and those variabilities should be accounted for in your monitoring effort.

Define the Fixed Survey Area - Determine and define your long-term survey area. This survey
area should remain fixed across years. Focus survey effort in areas with the highest quality habitat.

Define and Map Suitable Habitat – High quality habitat should be delineated on a map or drawing
each year (see Appendix B - Habitat for B. affinis).

Survey Effort - Conduct surveys during four evenly (approximately) spaced sampling periods
during the sampling season (as defined in the General Guidelines and Best Practices section).
Survey all or a random subset of the highest quality habitat in the survey area. If the survey area is
greater than 50 ac (20 ha), divide the survey area and survey separately in increments of 50 ac (20
ha). We recommend that surveyors use one of the two options below:
•

Option 1 - Surveying with Transects: We recommend surveying transects (meandering
transects are okay) that can be repeatedly visited over the course of the survey season
and/or multiple years.
o Maintaining the exact location of each transect is not as important as recording the
transect length and width because these measurements will give us an estimate of
the area sampled.
o Multiple transects at each site is recommended to adequately cover the highest
quality habitat at the site; transect spacing will depend on the habitat. You may
preferentially place transects through good floral patches.
o Use a GPS unit to track transects (it will give you transect length), or flag the
transect and measure the transect length using a measuring tape.
o For each 100 ft transect length (we recommend a minimum length of 300ft), survey
for a minimum of 15 minutes, use more time if needed; capture bees within 3 feet of
one side of the transect line.
o Record the amount of time spent sampling each transect each visit.
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Repeat sampling events in the same areas (if still suitable) for at least 3 consecutive
years.

Option 2 - Surveys Without Transects: Alternatively, if you are not using transects, for each
sampling event, survey for a minimum of one (1) person-hour per three acres of the
highest quality habitat in the survey area or continue to sample until at least 150 bumble
bees are captured, whichever comes first 7. Estimate the area of the high quality habitat
sampled. Repeat sampling events in the same areas (if still suitable) for at least 3
consecutive years.

Survey Technique and Methods for both options– Use non-lethal netting techniques
• Catch all bumble bees observed, preferably one at a time.
• Carefully count numbers of other Bombus species captured. This information will be
used to calculate relative abundances.
• You may use visual surveys to count or estimate numbers of each species besides B. affinis
(and B. terricola), however, this method is only advised for individuals highly experienced
in identifying bumble bees in the field and is recommended only for commonly observed
species. Indicate degree of confidence in identifications on the data sheets. Photographic
documentation of B.affinis is required to verify the record.

Habitat assessment - Within each defined survey area each year, we ask that surveyors conduct a
detailed habitat assessment provided online at
(https://www.fws.gov/midwest/Endangered/insects/rpbb/surveys.html). You may also use the
“detailed habitat assessment” tab on the data sheets available online. Map suitable habitat within
your survey area illustrating (1) area of high quality habitat and (2) amount of low quality habitat.

7

See Appendix E - Further Information Regarding Sampling Effort.

Survey Protocols for the Rusty Patched Bumble Bee (Bombus affinis)
4/15/2021 10:26 AM

IPaC v5.57.1

Page 15
Page 19

Minnesota-Wisconsin Ecological Services Field Office - Publication Date: February 28,ATTACHMENT
2018
Species Survey Guidelines - Rusty Patched Bumble Bee and 1 more species

C

Protocol Suggestions for Unoccupied Zones

Here, we recommend established protocols for bumble bee surveys and inventories in areas within the
Unoccupied Zones, within the historical county range, or beyond the boundaries where the species
was thought to occur. Your choice of technique is based on the objectives of the study and is not limited
to those listed here. Survey Protocols discussed above may also be conducted outside of the Unoccupied
Zones, if you desire.
Some Considerations. Research on bees or pollinators in general often uses lethal survey
techniques including hand netting, bowl traps, malaise traps, and window traps. Such techniques,
while lethal, are thought not to significantly impact most (e.g., relatively healthy) bee populations
following the survey year (e.g., Gezon et al. 2015, pp. 4-6). Passive traps (such as those discussed
below) should still be used with caution and common sense. Any situations where queens may
be harmed should be avoided.
Site Selection – Sites should be within the Unoccupied Zones (see Survey Protocol map,
https://www.fws.gov/midwest/Endangered/insects/rpbb/rpbbmap.html), updated by February
28th of each year).
Time of the Year - Sampling may occur any time during the active season of bees (primarily
March-October).

Recommended Survey Protocols
See the USFWS National Protocol Framework for the Inventory and Monitoring of Bees
(https://ecos.fws.gov/ServCat/DownloadFile/47682?Reference=47400) or for more details on some of
the protocols listed below.
• Netting at flowers with kill jars- Bumble bees can be netted on flowers using timed
intervals, transects or a combination. Potassium cyanide or soapy water are preferred as
DNA is not degraded but ethyl acetate and calcium carbonate may also be used. See the
Bumble Bee Megatransect Project (https://www.handsontheland.org/environmentalmonitoring/bumble-bee-megatransect.html) or, more generally, roadside surveys
(http://www.slideshare.net/sdroege/bumblebee-roadside-surveys-a-pilot-survey-andrecommendations),
• Bowl/Pan/Cup traps - These are traps that are usually colored blue, yellow, and white and
set out on the ground or slightly elevated. Bees are attracted to the color and drown either
in soapy water or diluted propylene glycol. Bumble bees are captured relatively
uncommonly in most bowl and pan traps. However, cup traps, deployed continuously, often
collect reasonable number of bumble bees and are a good choice for long-term surveys.
Their use is outlined in the National Protocol Framework for the Inventory and Monitoring
of Bees (https://ecos.fws.gov/ServCat/DownloadFile/47682?Reference=47400).
• Malaise traps - Use of tent-like traps made of mesh fabric that act as flight intercept traps
with insects funneled into a collecting head filled with alcohol, glycol, no-pest strips, or
cyanide. Costs for individual traps are high thus they are not commonly deployed despite
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capturing substantial number of bumble bees. Catch is highly dependent on location and
habitat type.
Other passive survey techniques occasionally catch or are used to collect bees. These
include pheromones, window pane traps, sticky traps, pitfall traps, etc. These usually catch
only very small numbers of bees or bees other than Bombus and the catch is often
accidental.
Blue Vane Traps - Plastic bucket-like traps with fluorescent blue vanes. The bucket
contains no-pest strips or propylene glycol as a kill agent. Blue vane traps can, at times,
collect large numbers of bees when floral resources are limiting and should be used with
caution during times when queens are out. Blue vane traps should be particularly used with
caution throughout the historic range as they can catch bumble bees and Melissodes (also
Eucera and Peponapis, R. Jean pers.comm. 2018) in large numbers. However, blue vane traps
can also be used to capture bees alive, if they are monitored throughout the day to avoid
stress from heat, etc. At least two B.affinis records were documented to be caught in blue
vane traps (USFWS unpublished geodatabase) and bumble mortality is documented from
blue vane traps (e.g., Gibbs et al. 2017).
Quick assessment of bees at planted sites (i.e., Ward et al. 2014) can be found at
(http://www.xerces.org/wpcontent/uploads/2014/09/StreamlinedBeeMonitoring_web.pdf).
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Appendix A – Standardized Bee Photography
•

•

•
•

•

•

•
•
•

Type of camera - Point and shoot digital cameras, DLSR and phones with cameras (>= 8
megapixels) will be the best options for use after aerial netting and moving the bee into a
clear vial or clear baggie (zip net) to take photos.
To properly identify a bumble bee it is best to take photos that clearly show the entire top
side of the abdomen, the side of the thorax/abdomen and the face/head. Take several
photos of each specimen to show these various characteristics.
Hair color patterns vary with lighting. Examine photos to ensure that coloration is clear and
that shadows and the underlying integument are not creating deceptive color patterns.
If you are not handling bees, photograph them as they forage, taking a series of photos of
each individual to document the bee’s characteristics clearly, as described above. Take a
“spacer” photo between the series, so you can distinguish between individual bees when
you archive photos and report findings.
If you are handling bees, vials with a flat side may provide higher quality photos. Placing the
bee in a cooler will slow them down making them easier to photograph. You need a
scientific recovery permit to handle B. affinis within High and Low Potential zones (see
Table 1).
Do not hold a bee in a container for longer than a few minutes, unless you place it in a cooler
with ice. Bumble bees can easily overheat, so do not keep vials/bags in direct sunlight. Do
not keep bees in a cooler longer than two hours, and not directly on the ice.
If using a cooler with ice, bees may take a few minutes to warm up before flying away. Place
vials or bags in a shaded area to give the bees time to fly away.
Archive photographs for long-term storage.
Link each photograph to the corresponding specimen. Use standardized naming
conventions that provide the following information:
o Permit number
o Site location code
o Specimen number
o Photograph number
o Date
o For example, label PERMITNUMBER_SITECODE_SPECIMEN#_PHOTO#_DATE (e.g.,
TE5555-7_STPAUL28_Specimen12_photo2_12July2017)
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Appendix B - Habitat for B. affinis

Bombus affinis has been observed and collected in a variety of habitats, including prairies, oak
savanna, woodlands, marshes, parks, and residential areas (Colla and Packer 2008, p. 1381; Colla
and Dumesh 2010, p. 46; USFWS rusty patched bumble bee unpublished geodatabase 2016). B.
affinis needs areas that contain sufficient food (nectar and pollen from diverse and abundant
flowers), nesting sites that are predominantly free from ground-disturbing activities and near
floral resources, and overwintering sites for hibernating queens (Goulson et al. 2015, p. 2; Potts et
al. 2010, p. 349). It is a generalist forager for pollen and nectar like other bumble bees (Xerces
2013, pp. 27–28), but relies on diverse and abundant flowering plant species (Goulson et al. 2015,
p. 2; Potts et al. 2010, p. 349). Due to the early emergence of B. affinis (roughly, mid-March
through April), woodlands that support early blooming spring ephemerals are likely important
habitats (Colla and Dumesh 2010, p. 45-46), especially when they are near open areas that are
also used for summer foraging. B. affinis nests are typically in abandoned rodent nests or other
similar cavities, one to four feet below ground (Plath 1922, pp. 190-191; Macfarlane et al. 1994, p.
4). B. affinis nests have also been occasionally observed above ground (Plath 1922, p. 190). Little
is known about the overwintering habitats of B. affinis foundress queens, but other species of
Bombus typically form a chamber in soft soil, a few centimeters deep (often in forests or in forest
edges) and sometimes use compost or mole hills to overwinter (Goulson 2010, p. 11).
Overwintering (roughly, mid-October through mid-March) sites may typically be in loose,
uncompacted and often sandy, moss-covered soils on northwest exposures (E. Evans, University
of Minnesota, pers. comm. 2017).

While B. affinis will use early spring floral blooms near the edge of forests and woodlands,
ultimately they are dependent on open habitats to complete their life cycle. Consequently,
potentially suitable habitat can be defined as any open, vegetated habitat within your survey region,
such as prairies, roadsides, and meadows (Figures B.1, B. 3 and B.4). However, open habitats vary in
quality for bumble bees. Open habitats with high floral diversity and abundance should be
considered “high quality” habitat (Figures B.1, B. 3 and B.4). Areas dominated by grasses or sedges
with few flowering plants or a low diversity of flowering plants should be considered low quality.

Habitat can be characterized in part by percent of vegetative cover that is forbs, flowering shrubs,
or pollinator-friendly trees; especially areas that bloom all season long. Estimates of the number of
species of forbs, flowering shrubs, or pollinator-friendly trees in bloom during each survey can help
define “high quality” habitat and can help surveyors focus their effort (see Survey Protocol Data
Sheets available online at
https://www.fws.gov/midwest/Endangered/insects/rpbb/surveys.html).
Surveyors should spend less time in poor and/or questionable habitat. Questionable habitat
includes areas that are not clearly poor habitat, and should be checked for 5-10 minutes for bumble
bee activity (Figures B2.a and B2.b) before moving on to better habitat or deciding not to survey an
area. Poor habitat can be defined as areas without an abundance of floral resources, areas with
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compacted soils, sod-forming grasses, or large monoculture agricultural fields (although some
flowering agricultural crops, like alfalfa, may provide foraging habitat). Some examples of poor
habitat include open water, regularly maintained turfgrass monocultures, and pavement. Areas that
meet the following descriptions are not suitable for the rusty patched bumble bee for nesting,
overwintering, or foraging.
• permanently flooded areas/open water;
• paved areas;
• mowed turf lawns without clover;
• areas planted to annual row crops, such as corn and soybeans which do not provide mass
flowering resources for bees;
• forest where invasive shrubs are dominant and spring ephemeral flowers are absent; and,
• areas mowed too frequently to allow development of diverse wildflower resources (e.g.,
road shoulders).
In addition to the above, wetlands, where standing water may be absent but near the ground
surface, are unsuitable for nesting or overwintering. Some wetland areas, however, could provide
function as important foraging habitat.

Special note on urban areas: Some of the last refuges for B. affinis appear 8 to be in large urban
areas, such as Minneapolis/St. Paul, Madison, Milwaukee and Chicago. From a landscape
perspective, these cities have a network of natural areas that include parks, greenways, public
gardens and other public or undeveloped lands. Interspersed among these natural areas are
residential areas - - yards, gardens and boulevards that provide additional sources of flowering
plants and nesting/overwintering habitat – and habitat for dispersal (Fig. B2.b). Areas considered
high quality habitat in urban areas have the same characteristics as high quality habitat outside of
urban areas. They are generally open areas with an abundance and diversity of plants that flower
from mid-March through mid-October; that have undisturbed areas without landscaping mulch or
landscape fabric; and that are managed with minimal use of pesticides; particularly insecticides
and fungicides.
In the urban landscape, high quality habitat is most likely in or near natural areas that support
open, or mostly open, habitats such as prairie, savannas, grasslands, or grassland/shrub mix (Fig.
B1.a). Small woodlots and the edges of larger tracts of forested lands also provide high quality
habitat if located adjacent to areas with abundant flowering plants or have interspersed
meadows. These woodlots or wood edges may provide important early spring habitat if they
support spring ephemerals or early spring blooming trees and shrubs. Natural areas within urban
areas may be in blocks (small or large) or may be linear. In general, the larger the block of
contiguous habitat, the higher the quality the habitat is. The value of any of these tracts is higher if
surrounding areas also provide flowering plants and some undisturbed areas, such as residential

Some urban areas have been surveyed more than other areas, indicating that there may be a sampling bias.
On the other hand, many additional (e.g., rural) areas have been intensively surveyed and have resulted in
no/few observations of B. affinis.

8
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areas with gardens. The habitat quality of small or linear tracts may be negated if surrounding
areas are dominated by roads and buildings with little to no natural areas or gardens.

Roadsides and rights-of-way may provide open habitats (Fig. B1.c), but their value is dictated by
the type of vegetation (quality is poor if dominated by grasses) and frequency of mowing or other
management actions. Rights-of-way may provide better habitat than roadsides because they are
mowed or otherwise maintained less frequently. Rights-of-way may also provide corridors of
dispersal, allowing for genetic exchange among sites.

Figures B1 a - d. Examples of high quality habitat and/or connectivity habitat for B. affinis; (a) native prairie habitat
within an urban landscape, (b) large patch of diverse floral resources within an urban landscape for connectivity, (c) large
patch of wild bergamot along a roadside, and (d) open meadow with an abundance of floral resources. Photographs were
taken by T. Smith, USFWS (a,b) and Rob Jean, ESI (c,d).

Figures B2 a - b. Examples of questionable habitat for B. affinis; (a) area that appears dominated by sod grass (b)
predominantly grassy area with little or no floral resources. These areas should be checked for approximately 5 minutes
for bumble bee activity during the flight season. If no activity is observed, we would not recommend a survey in these
areas. Photographs were taken by Rob Jean, ESI.
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Appendix C – Bee Identification

This section lists basic key diagnostics for field identification. These should be documented clearly
when using photography survey protocols. For detailed and technical descriptions, see Bumble
Bees of North America: An Identification Guide by Paul H. Williams, Robbin W. Thorp, Leif L.
Richardson and Sheila R. Colla; and Discover Life (http://www.discoverlife.org/mp/20q). Other
helpful resources include: http://pollinator.org/PDFs/BumbleBeeGuide2011.pdf,
http://www.xerces.org/bumble-bee-identification/ and
https://www.flickr.com/photos/usgsbiml/sets/72157664851159091.

Bombus affinis gynes and queens are entirely yellow on the first two abdominal segments; the rest
of the abdominal segments are black (Figure C.1). In workers and males, the first abdominal
segment is yellow, and the second has a medial patch of rusty hairs on the anterior portion of the
segment, with yellow hairs on the posterior portion (Figure C.1). B. affinis can vary from pale tan to
a bright rusty brown. The other abdominal segments are black. Occasionally, abdominal segments
3-6 may have reddish hairs or a reddish patch.

B. affinis has a mostly yellow upper thorax with a black spot or band that may extend toward the
posterior in a v-shape. The bottom of the thorax is black. Queens and workers have black hairs on
the head and at the back of the head. Males have black hairs on the head, with some yellow hairs
intermixed at the back of the head. Overall, hairs are moderately long and even.
B. affinis is a short-tongued species, and sometimes is observed nectar-robbing on tubular flowers.
It has a short face, with cheek (oculo-malar area) slightly shorter than broad.
B. affinis phenology in each region will determine when queens (or gynes), workers, or males will
be observed in flight. For example, in southern Wisconsin, B. affinis gynes and queens, distinguished
by larger size and other characteristics described above, are in flight in spring (roughly mid March May) and then again in late summer and fall. Workers can be seen in the field several weeks after
nest establishment, throughout the summer, into early fall (late June-September). Males are in flight
in late summer and fall (August-September).

More difficult to observe, nesting occurs mid - March, April or May through September, and gynes
overwinter from August until mid- March, April or May. If you happen to observed activity of B.
affinis gynes and queens, take notes regarding behavior, habitat use, etc., as nesting and
overwintering are little known. Notify FWS as soon as reasonably possible.
B. affinis can be confused with B. citrinus, B. griseocollis (Fig. C.3), B. perplexus, and B. vagans.
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Figure C.1. Illustrations of a B. affinis queen (left), worker (center), and male (right) by Elaine Evans, University of
Minnesota.

Figure C.2. Photographs of B. affinis (a) top view, (b) side view and (c) side/top view. Photographs were taken by Dan
Mullen (Creative Commons) (a,b) and USGS Bee Monitoring Laboratory (c).

Figure C.3. Photographs of B. griseocollis (a) top view and (b) side view, which can be confused with B. affinis.
Photographs were taken by Tamara Smith, USFWS.
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Appendix D - How to Verify Records
•
•

•

Self verification of species is encouraged and Appendix C – Bee Identification (above)
provides useful information to help with identification.
If verification/assistance with identification of potential B. affinis observations are
requested, the surveyor acknowledges that data may be shared with third parties in order
to accomplish this. The USFWS may submit by email the images and county level locations
to a qualified expert for identification assistance, or if project information or locations are
non-sensitive, the USFWS may submit the necessary information (including photos and
locations) to other qualified experts (e.g., BumbleBeeWatch.org). Once species identification
has been made, the surveyor will be informed by USFWS of the results. If these requests
require a significant amount of time and resources, changes to the protocol may be made.
Proper documentation - verification requests to the lead field office should include
geographic coordinates (decimal degrees) and photos that meet the standards in Appendix
A - Standardized Bee Photography.
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Appendix E - Further Information regarding Survey Effort

Based on a historical data set (Macfarlane 1974, in Colla and Packer 2008), if 150 Bombus were
collected, the probability of missing B. affinis if it were present at historical abundance levels was
5%. In other words, if B. affinis is present at historical abundance levels, 150 bumble bees would
need to be collected in order to detect the species with 95% confidence (Colla and Packer 2008, p.
1382). Recognizing the declines in abundance, capturing more individuals may be needed to reach
this confidence level. We are unaware of similar detection probabilities for timed search surveys for
bumble bees, however, based on expert input, we think it is reasonable that at least 1-person-hour
of active sampling of 3 acres of high quality habitat, surveyed four times over the sampling season,
will be sufficient effort to be reasonably certain that we would detect B. affinis if it were present.
Other streamlined monitoring protocols recommend using timed transect searches (e.g., Ward et al.
2014), similar to Pollard walks designed for butterfly monitoring (Pollard et al. 1993, entire) to
estimate bee diversity and abundance, so we have suggested modified timed-area transect methods
as one option for long-term monitoring. Whichever method is chosen, repeated sampling over
multiple years will strengthen our confidence in species detections and non-detections. We hope
the data collected through repeated surveys will help us develop detection probabilities of B. affinis
and refine our survey recommendations to maximize efficiency and minimize uncertainty.
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Appendix F - About Surveys for Proposed or Ongoing Actions that
May Impact B. affinis

As a reminder, for those interested in seeking incidental take coverage through Section 7 or Section
10(a)(1)(B) of the Endangered Species Act, it is important to first review the Section 7 or 10
guidance
(http://www.fws.gov/midwest/endangered/insects/rpbb/projectproponentsguidance.html) to
determine if the rusty patched bumble bee is likely to be present and surveys are recommended for
such purposes. The Service considers the rusty patched bumble bee likely to be present only in
“high potential” zones” as described online indicated in the Section 7 and 10(a)(1)(B) guidance
(https://www.fws.gov/midwest/Endangered/insects/rpbb/rpbbmap.html). This survey protocol
document includes different voluntary survey protocols for a variety of purposes in high potential,
low potential, and unoccupied zones (defined on our website
https://www.fws.gov/midwest/Endangered/insects/rpbb/rpbbmap.html).

To determine if B. affinis may be in an action area, action agencies or project proponents may
screen projects online via the USFWS’s Information for Planning and Conservation website (IPaC,
https://ecos.fws.gov/ipac/), or contact the USFWS Ecological Services Field Office for their area. If
this screening indicates that a project is within an area where the rusty patched bumble bee is
likely present (i.e., the High Potential Zone), action agencies and others should coordinate with their
state’s USFWS Ecological Services Field Office (FO). An online directory of USFWS FO(s) is available
at http://www.fws.gov/offices/.

If a project action area is within an area where B. affinis is likely present (“High Potential Zones”,
defined below, https://www.fws.gov/midwest/Endangered/insects/rpbb/rpbbmap.html), an
action agency or project proponent may choose to conduct a survey to verify presence (note that
negative surveys cannot verify absence with 100% confidence, but can at best predict likelihood of
occupancy). The results of a survey, if they are negative and are carried out in accordance with
FWS-recommended survey protocol (i.e., Project Review Protocol), would indicate that the species
would not be exposed to stressors associated with the action area. Project Review Protocol
recommends one sampling season of surveys with sufficient effort 9 to support a determination that
the species is not likely present in the portion of the action area surveyed. Although not required
for project review, repeat sampling events in the same areas (if still suitable) for at least 3
consecutive years are advisable if you are trying to be reasonably certain that the species no longer
occupies the area.
Sufficient effort would consist of four approximately equally spaced sampling periods during the sampling
season (early June to mid-August); one-person hour of search time per three acres of suitable high quality
habitat (defined below) using non-lethal netting techniques. This document provides further details on
methods, techniques, and best practices and is subject to continual improvement and modification.
9
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Note that surveys should be conducted within a year before the project is initiated for negative
survey results to remain valid throughout the duration of the project unless new information (e.g.,
new positive surveys) suggests that the species is likely to be present in the action area. In that
case, action agencies and the FWS field office (https://www.fws.gov/offices/) should work together
to ensure that the best available information is considered.

If an action agency or project proponent chooses to conduct a survey to verify presence or absence,
we recommend that they and their surveyors develop a proposed survey strategy in coordination
with the USFWS FO(s) so that all parties fully understand which methods will be deployed, what
assumptions will be made, and what the various outcomes would be based on the survey results. If
not already required by federal permit, we recommend that survey results are submitted (negative
or positive) to the USFWS FO(s) in the state(s) where the surveys took place. We strongly
encourage this coordination as it improves the USFWS’ understanding of (1) the level of survey
effort underway and (2) the distribution of the species.
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The threats to Minnesota's wetlands
The biggest threat to wetlands is losing them to draining and filling. The overall goal at both
state and federal levels is to maintain and even increase wetland acreage, along with
maintaining wetland quality, which is a ected by pollutants, water fluctuations, and other
factors.

Alterations in water movement

A hardwood swamp in which invasive cattails have taken hold.

Changing water levels or alterations in the movement of water (e.g., when stormwater is directed
to a wetland) can cause invasive plant species can take over. About 80% of Minnesota wetlands
that have experienced even moderate water alterations now have abundant invasive plants
growing in them — permanently replacing the native plant communities. This can change
wildlife habitat and the wetland's ability to provide water quality benefits.

https://www.pca.state.mn.us/water/threats-minnesotas-wetlands
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Wetlands: Critical to watersheds
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Wetlands are highly interconnected with lakes, streams, and groundwater, providing water
for streams and supporting flow through gradual release of water. Wetlands can remove
excess sediment and nitrogen from water, though they may become overwhelmed and
degraded in the process. Losing wetlands to urban development, agriculture, or other
activities, or overloading them, can contribute to water quality problems in other parts of
watersheds.

Disappearing wetlands
There is a long history of draining and filling Minnesota wetlands to accommodate settlement
and development. Nearly 40% of the state was some form of wetland 150 years ago; now that
percentage has been cut in half. The loss of wetlands has meant a loss of water quality benefits
and has contributed to the degradation of streams, lakes, and groundwater.

Excess phosphorus means wetlands have less food for birds

https://www.pca.state.mn.us/water/threats-minnesotas-wetlands
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Male wood duck sitting on a rock next
to water
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Statewide, we’ve found elevated levels of phosphorus in 31% of our “prairie pothole” wetlands,
negatively a ecting the insects, snails, and leeches that live there. These macroinvertebrates are
a vitally important food source for ducks and other birds that depend on wetlands during
breeding or migration.

https://www.pca.state.mn.us/water/threats-minnesotas-wetlands
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Understanding Shoreland BMPs
Shoreland Best Management Practices
Number 1 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This series of fact sheets describes BMPs you can adopt on your shoreland
property to help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.
These BMPs are guidelines that have been established for many areas of shoreland property. As more research is carried out along
shorelines to measure the impact of landuse activities on water quality, BMPs may be refined or revised. In the meantime, these fact
sheets will assist you in making decisions about your property to minimize impact on Minnesota's valuable water resources.
Some BMPs are clearly aimed at residents who already live seasonally or year-round on their shoreland property and who value the
resource enough to protect it. /Other fact sheets are designed for those developing new acreage in the future or for short-term visitors
to Minnesota waterways. The guidelines are equally appropriate for property near lakes or rivers, and all are relevant for every
Minnesotan who shares a commitment to preserve our abundant water resources.
Even if you do not live directly on the shoreline, the way you manage your household wastewater and property can have a significant
impact on water quality downstream. Pathways that carry contaminants may not always be obvious. Drain tiles, ditches, storm sewers,
paved roads, and shallow ground water can all carry pollutants from residential, industrial, and agricultural areas into lakes, rivers, or
wetlands.
Fertilizers and chemicals applied to lawns or crops can wash down driveways or ditches and end up in surface water. Improper
disposal of hazardous household waste or industrial chemicals can add toxics to our lakes. Poor landuse and construction practices
result in erosion, increasing the load of sediment in our rivers. These adverse impacts on surface and ground waters not only affect
water quality for human use, but also damage wildlife and fish habitat and /Other natural resources.

Use of the Fact Sheets
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These fact sheets may be distributed to shoreland property owners, lake association members, local elected officials, technical staff,
and /Other decision makers. Individual fact sheets may be copied and handed out at meetings or information booths. Fact sheets may
be reproduced as pages in newsletters or included with mailings such as utility bills or tax statements. See reverse side for additional
guidelines on use.
On the inside front cover of the folder is a property management section. Locate the appropriate information for your property and
buildings and record it in the folder.
Most of the fact sheets outline simple actions to implement on your shoreland property or household to minimize adverse impacts on
water quality. For help in getting started on more technical projects, fact sheet #16 Accessing Information to Protect Water Quality
gives additional information about the agencies and organizations that can provide assistance. Shoreland Stewardship Scorecard, fact
sheet #17, lets you measure your success in protecting water resources.
REMEMBER. . .
Everyone lives in the watershed of some lake or river, even if they don't own property directly on the waterfront. People who own
shoreland property must remember that Minnesota's lakes and streams are a public resource; they have the right and responsibility
to preserve those waters for present and future generations to enjoy.

Helpful Definitions
beach sand blanket--Sand that is added to form a beach; it should not be added where it would destroy fish or wildlife habitat, wild
rice or /Other protected vegetation; size restrictions do apply; contact the DNR Area Hydrologist for specifics.
erosion--The process by which soil or rock material is worn down and carried away by wind or water; erosion is increased when
vegetation is removed and soil is left exposed.
eutrophic--Water very high in nutrients, generally referring to lakes; lakes commonly experience algal blooms and excessive weed
growth.
filter strip--Vegetated area adjacent to shoreline that helps prevent contaminants from reaching the water; preferably native
vegetation.
infiltration--Water seeping into the ground through pores in soil, sand, or gravel or through cracks in bedrock; infiltration can help
minimize erosion.
ordinary high water level (OHWL)--Highest water level that a lake has maintained for enough time to leave evidence on the
landscape; commonly where natural vegetation changes from aquatic to upland species; for streams, the OHWL is generally the top of
the bank of the channel.
riparian zone--Land area adjacent to a stream or lakeshore that may experience periodic flooding.
runoff--Water flowing over the surface of land or soil; runoff can cause erosion and is increased when surfaces are paved or covered
with roofs, patios, or decks.
setback--The required distance between the shoreline and property development; different distances apply for dwellings, septic
systems, outbuildings, and wells; required setbacks vary for different water bodies; county and municipal ordinances may vary.
shore impact zone--Land area adjacent to a shoreline in which certain regulations apply; some activities are prohibited.
shoreland regulations--DNR regulations determining the type and extent of development allowed near shorelines; counties or
municipalities may adopt more restrictive ordinances.
topography--Shape or contour of the land; topography and slope influence how property should be developed; construction or /Other
activity on steep slopes increases runoff and erosion.
water bar--A small, raised ridge on the road surface used to deflect water flow into a ditch; designed to reduce erosion by minimizing
flow down the road.
watershed--The drainage basin or area in which surface water drains toward a lake or stream; ground water flow may or may not

parallel surface topography.
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For More Information...
call
county offices:
●

University of Minnesota Extension Service

●

Soil and Water Conservation District (SWCD)

regional offices of MN State agencies:
●

MN Board of Water and Soil Resources (BWSR)

●

MN Pollution Control Agency (PCA)

●

MN Department of Natural Resources (DNR)

●

MN Department of Health (MDH)

federal agencies:
●

Natural Resources Conservation Service (NRCS)

●

Environmental Protection Agency (EPA)

●

U.S. Army Corps of Engineers (USACoE)

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
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University of Minnesota Extension Service of the Arrowhead counties
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of
Fish and Wildlife, Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Service
Environmental Protection Agency
Western Lake Superior Sanitary District

Use Of Publication...
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. Please do not add or delete any text material without contacting:
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
You may add information about contact persons or regulations specific to your county, region, or lake association.
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
Next Section: #2 Maintaining Your Shoreland Septic System
Home
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Maintaining Your Shoreland Septic
System
Shoreland Best Management Practices
Number 2 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Why Are Septic Systems a Problem?
In shoreland areas it is particularly important to maintain your septic system properly because soil and water conditions near shore
may make the system less efficient in treating wastewater. Incomplete treatment can result in health risks for humans and water
quality problems.
Potential health risks are the most serious concern related to failing septic systems. Hepatitis, dysentery, and other diseases may be
spread by bacteria, viruses, and parasites in wastewater. These disease-causing organisms, called pathogens, may make nearshore
water unsafe for recreation. Flies and mosquitoes that are attracted to and breed in wet areas where wastewater reaches the surface
may also spread disease.
Many of the synthetic cleaning products or other chemicals used around the house can be toxic to humans, pets, and wildlife. These
products may reach the ground surface or end up in the water.
Excessive nitrate levels in drinking water can result in serious health problems for infants. High nitrate levels in ground water can
result from inadequately treated wastewater.
Inadequate treatment can also allow excess nutrients to reach your lake or stream, promoting algae or weed growth. Algal blooms and
abundant weeds not only make the lake unpleasant for swimming and boating, but they also affect water quality for fish and wildlife
habitat. As plants die, settle to the bottom, and decompose, they use up oxygen that fish need to survive.
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How a Septic System Works
The purpose of an on-site wastewater treatment system, commonly known as a septic system, is to treat sewage from your household.
A septic system has two parts: the sewage tank and the soil treatment system. The most common sewage tank in Minnesota is a septic
tank that receives raw sewage from the household. Three layers form in the tank: solids settle to the bottom and a layer of scum or
grease floats on the surface of a liquid layer (Figure 1). As raw sewage is added to the tank, an equal amount of liquid flows out into
the soil treatment system.

Figure 1: Typical cross section of a septic tank showing the layers of sludge, liquid, and scum. Newer tanks will have access ports for
pumping. Older tanks may have a manhole cover that should be removed for pumping. Inspection ports on older tanks are not suitable
for pumping.
Wastewater treatment is completed in the soil absorption area. There are three basic types of soil treatment systems. Drainfield
trenches are the most common and do the most effective job of treating wastewater. They take full advantage of evaporation and plant
life to help treat sewage. Seepage beds do not require as large a lawn area, but they have a smaller capacity and are less efficient than
drainfield trenches. Mounds are elevated systems that may use pressure to distribute sewage effluent. Seepage pits, dry wells, and
cesspools are no longer approved and may not be installed. On-site systems with seepage pits should be upgraded to include the proper
size tank and drainfield to accommodate the house size and number of residents.
In the soil, microscopic organisms break down remaining biological contaminants such as bacteria or viruses. Nutrients are absorbed
by soil particles or taken up by plant life. These processes only work in soil that is not saturated with water. If the soil is too wet,
biological breakdown may be incomplete and nutrients may move much greater distances, sometimes hundreds of feet from the
drainfield or mound and possibly into surface water (Figure 2). Even systems that appear to be working well or are in compliance with
the health code may allow nutrients or bacteria to reach the water.
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Figure 2: Avoid water contamination from inadequate wastewater treatment! If your system is improperly designed or located too
close to the water, contaminants may reach your lake. This figure shows how ground water moving toward the lake can carry
contaminants in saturated soil.

How to Tell If There Is a Problem
THESE CONDITIONS INDICATE YOUR SEPTIC SYSTEM MAY BE FAILING
●

Sewage backup in your drains or toilets. This may be a black liquid with a bad odor.

●

Slow toilet flushing. Even if you use plungers or drain cleaners, drains may run slower than usual.

●

Wet areas or water seeping near drainfield. It may or may not have an odor.

●

●
●

●

Excessive growth of aquatic weeds or algae in the lake near your home. Incomplete treatment of nutrient-rich water
seeping from your system promotes this growth.
Unpleasant odors around your house. This may result from improper venting or a failing system.
Bacteria or nitrates are found in your well water. This indicates a serious water contamination problem that may come
from your own or a neighbor's failing system.
Biodegradable dye flushed through the system shows up in the lake or river.

What to Do If Your System Fails
Immediate Actions
●

●

Call the local health or zoning and planning department. They will help you get the expert advice you need to solve your
problem.
Have the septic tank pumped, making sure that sludge as well as liquid is removed. This will often help solve the
problem temporarily, particularly if you also cut back significantly on water use. If the drainfield or household piping is
clogged or if high water levels are a problem, this won't help.

●

Fence off the area to minimize contact with wastewater (for humans, pets, wildlife).

●

Don't use additives. Additives are no benefit and may harm the system.

These actions may help if the system fails
●

●

●
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Increase the absorption field size of the existing system. This will help if the original field was sized too small for the
household or if water doesn't percolate well through the soil.
Connect to a community or lakeshore "cluster" sewage system. Although initial costs may be high, this strategy offers
long-term protection for your water resources and environment.
Installing a holding tank system is considered a temporary alternative in many counties, and is not a method of treating
wastewater.

Long-term BmPs
The only practical long-term solution may be to upgrade your septic system by redesigning and replacing part or all of it. This work
must be done by a registered contractor or a business licensed to design and install individual sewage treatment systems. In many
counties, a permit is required for all new construction and replacement.
When remodeling your home or cabin, be sure to expand the capability of your septic system to meet the new demands that will be
placed on it. Also, be sure to preserve enough undeveloped space on your property for future expansion of the drainfield.

How to Keep Your System in Shape
Here are several BMPs you can follow to keep your septic system in good working order to protect your lake or river.

Household habits
●

●

●

●

●
●

●
●

●
●

Conserve water. Excessive water use is the most common cause of septic failure, so reduce water used for bathing, laundry,
and flushing the toilet.
Identify and repair leaking pipes, sticking float valves in toilets, and dripping faucets to reduce water waste. A dripping
faucet can waste 15-20 gallons per day.
Shorten shower times and choose showers over baths to minimize wasted water. A full bath uses 50-60 gallons, while a
shower uses only about 5 gallons per minute. Of course, a 20-minute shower is not a savings over a bath.
Install low-volume toilets and low-flow showerheads. Typical toilets use 5-6 gallons per flush, providing nearly half the
wastewater from a house. Flush toilets using 11/2 gallons of water are available.
Keep a container of drinking water in the refrigerator. This saves having to run water until it's cold.
Use toilet tissue that breaks up easily when wet to help prevent clogging. To test tissue quality, place a piece in a jar half
full of water and shake. If the tissue breaks up easily, it is suitable. The color of tissue has no effect on septic system action.
Do not use the toilet as a wastebasket. Don't flush facial tissue, diapers, tampons, or any kind of plastic down the drain.
Eliminate the use of garbage disposals. Ground-up garbage does not decompose easily, causes rapid buildup of solids in the
tank, and may move out of the tank into the drainfield, clogging distribution pipes and soil pores. If you have a
disposal--don't use it. When building or remodeling--don't install one.
Never put coffee grounds down your drain.
Dispose of household hazardous waste properly. See fact sheet #14 for additional tips on reducing household hazardous
waste.

For cleaning and laundry
●

●

●

●

Wash only full loads in the dishwasher. Typical dishwashers use about 13 gallons for each wash. Newer models use 8-9
gallons.
Use low-phosphate dishwasher detergent. In Minnesota, detergents may contain up to 11% phosphorus by weight; but
some brands may exceed this level, so check the labels.
Wash only full loads of clothes and use front-loading washers and suds-savers to save water. To avoid overloading your
system, spread washing over the week instead of washing several loads on one day. A single load takes about 40 gallons.
Use liquid laundry detergent because it's less likely to have fillers or carriers that may damage the septic system. Try to use

the minimum amount because detergents can cause problems with the system.
●
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Minimize use of household chemicals and cleaners. Normal amounts of household detergents, bleaches, drain cleaners,
toilet bowl deodorizers, and other cleaners won't harm bacterial action in the septic tank.

Maintain the septic tank
●

●

●

●

●

Discharge all sewage waste from the house into the septic tank. Don't run wastewater from laundry or saunas directly into
the drainfield as the detergent or soap scum will quickly clog soil pores and cause failure.
Do not add "starters" to your septic system. Enough bacteria are available in the wastes flushed into the septic tank. Even
after the tank has been pumped, enough bacteria will be provided when you use the system again.
Do not use additives in your system. They are of no benefit and may harm the system. Additives that cause the accumulated
sludge to increase in volume or float will result in sludge being flushed into the drainfield, plugging soil pores. Also, some
additives, particularly degreasers, may be carcinogens that will flow into ground water with treated wastewater.
Pump the septic tank every year to remove solids and scum. Although tanks away from lakes or rivers may not need it
every year, annual pumping is excellent insurance near shorelines.
Remove the manhole cover when having the tank pumped to make sure that all solids have been removed. The sludge in
the tank should be mixed during pumping. A tank cannot be adequately cleaned through a 4-inch inspection pipe. Pumping
through the inspection port may clog the outlet baffle with scum and grease.

Your Investment and Costs
It will cost $75 to $150 each time you have a septic tank pumped, but replacing the entire system and drainfield may cost from $2,000
to $7,000. Threats to human health and water quality increase if your septic system is not properly maintained.
If water quality in the lake deteriorates, property values are likely to decrease. In addition, if your on-site treatment system fails, you'll
have the inconvenience of being unable to use household plumbing until the system is replaced.
For property transactions, a septic inspection is required and the financial institution generally requires proof that the septic system
conforms to standards. Minnesota's shoreland regulations require that septic systems within shoreland areas are in compliance with
state standards before building permits for additions or new construction are issued.
Overall, your investment to properly maintain a septic tank and drainfield is minimal compared with the cost involved in repairing or
replacing the system.

Regulations that Apply
Regulations may vary somewhat in different counties. The state of Minnesota has minimum requirements that apply to shoreland
areas, but some counties may have more restrictive ordinances. Check with your county Zoning and Planning, Health, or Shoreland
offices for the setback requirements and permits needed in your county.
Setback is the distance away from the shore and is usually measured from the ordinary high water level. In some cases, the setback
may be measured from a bluff face or where vegetation begins. The setback for septic systems depends on the type of lake or river.
Required setbacks range from 50 feet for general development lakes to 150 feet for remote river segments or natural environment
lakes.
The Minnesota Rules for on-site wastewater treatment systems are governed by the Department of Health and the Pollution Control
Agency in Chapter 7080. When upgrading or building a new system, be sure to use a licensed contractor who has been trained to
comply with these standards.

For More Information. . .
call
county offices:
●

Planning and Zoning Department

●

Health Department or Sanitarian

●

University of Minnesota Extension Service
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regional offices of MN State agencies:
●

MN Pollution Control Agency (PCA)

read:
Septic System Owner's Guide. Bulletin, PC-6583-S, 1997. Available from county offices of the University of Minnesota Extension
Service or Distribution Center.
Get to Know Your Septic Tank. Bulletin, MI-0639, revised 1997. Available at no charge from county offices of the University of
Minnesota Extension Service or Distribution Center.
FARM-A-SYST worksheet and fact sheet #6, Reducing the Risk of Groundwater Contamination by Improving Household
Wastewater Treatment. Contact your county extension office.

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry

Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
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These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
Next Section: #3 Installing a Shoreland Septic System
Home
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Installing a Shoreland Septic
System
Shoreland Best Management Practices
Number 3 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Why Are Septic Systems a Problem?
In shoreland areas, it is particularly important to install your septic system correctly because soil and water conditions near shore may
make the system less efficient in treating wastewater. Location and construction are especially critical in shoreland areas to ensure that
the system is effective. Incomplete treatment can result in health risks for humans and water quality problems. For more information
on how septic systems work and on proper maintenance, review fact sheet #2 in this series.
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Figure 1: Sewage treatment system with minimal separation distances.

Before You Begin. . .
BEFORE purchasing undeveloped property, evaluate whether it has a suitable area for construction of a septic system. BEFORE
installing the septic system, identify the best possible site for it. Determine the site for your septic system and well BEFORE laying
out the design for your buildings or compacting soil by using heavy equipment.
To identify where the septic system should be installed, determine:
●

depth to the highest known ground water table or to bedrock

●

soil types and conditions

●

slope

●

setback requirements from wells, waterfront, buildings, and property lines

●

exact property boundaries

Also, be sure to identify areas for future expansion or replacement of the septic system. This expansion area must be kept available
and no buildings, driveways, or other development should take place on this area.
The homeowner should be able to determine information about soil, ground water, and other pertinent conditions through test holes
and soil percolation tests. For assistance or information about soils, contact the Soil and Water Conservation District (SWCD) or
University of Minnesota Extension Service in your county.
Consult property descriptions on deeds or abstracts for information about boundaries. Your county zoning or health departments can
provide information about setback requirements.
A contractor may be hired to locate the proper site for a septic system and to apply for the necessary permits. The contractor you select
must be licensed and bonded to comply with Minnesota Rules, Chapter 7080.
Once a suitable site has been identified, draw a sketch of the proposed construction giving as much detailed information as possible
about location and construction. The plan should then be submitted to your local or county health or zoning department for approval or
modification. Any change in location, size, or design of the system from the accepted plan must also be approved by the health or
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zoning official before proceeding with construction. Unforeseen problems such as a high water table, ledge rock, or a change in soil
conditions might require some changes.
Be sure to give a copy of the permit and sketch to your contractor. The contractor is responsible for constructing the system in
accordance with all conditions set forth in the permit. As a homeowner, you should check to make sure the contractor is meeting
setback requirements and other standards to prevent water quality problems because you are ultimately responsible.

Your Investment and Costs
A new septic system may cost between $2,000 and $7,000 depending on type, size, and construction. New or replacement systems
must be installed correctly to meet all local codes and setbacks. If the system fails to meet legal requirements, it may need to be
replaced. Moreover, if your system is improperly located, designed, or constructed, contaminants may reach your well, lake, or stream.

Regulations that Apply
The Minnesota Rules for construction of on-site wastewater treatment systems are governed by the Department of Health and the
Pollution Control Agency in Chapter 7080.
The MN Department of Natural Resources has minimum setback requirements that apply to all shoreland areas, but some counties
may have more restrictive ordinances. Check with your local or county Zoning and Planning, Health, or Shoreland offices for the
setback requirements and permits needed in your county.
Setback is the distance away from the shore and is usually measured from the ordinary high water level. In some cases, the setback
may be measured from the top of a bluff or where vegetation begins. The setback for septic systems depends on the type of lake or
river. Required setbacks range from 50 feet for general development lakes to 150 feet for remote river segments or natural
environment lakes (see Figure 1).

For More Information. . .
call
county offices:
●

Planning and Zoning Department

●

Health Department or Sanitarian

●

University of Minnesota Extension Service

●

Soil and Water Conservation District (SWCD)

regional offices of MN State agencies:
●

MN Pollution Control Agency (PCA)

●

MN Department of Natural Resources (DNR)

read:
Septic System Owner's Guide. Bulletin, PC-6583-S, 1997. Available from county offices of the University of Minnesota Extension
Service or Distribution Center.
Get to Know Your Septic Tank. Bulletin, MI-0639, revised 1997. Available at no charge from county offices of the University of
Minnesota Extension Service or Distribution Center.
FARM-A-SYST worksheet and fact sheet #6, Reducing the Risk of Groundwater Contamination by Improving Household
Wastewater Treatment. Contact your county extension office.

Part of a series. . .
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This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
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Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
Next Section: #4 Ensuring a Safe Water Supply
Home
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Ensuring a Safe Water Supply
Shoreland Best Management Practices
Number 4 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

A Safe Supply?
Most people take a safe water supply for granted. When clear, good-tasting water comes out of the faucet, we assume it is safe to
drink. Unfortunately this assumption is not always correct. Most shoreland properties have a private water supply that needs to be
tested regularly to confirm safe water.
At seasonal or vacation homes that are used infrequently, the water supply may go untested for years. It is important to test water
every year if the well is not used continuously. Residences near lakes and rivers often have wells that use shallow ground water.
Seasonal homes or cottages may have older wells that need repair or replacement, but are a lower priority than the primary residence.
Older, shallow wells are at the most risk from ground water contamination, so the water from these needs to be tested annually.
Many vacation dwellings use surface water for the household water supply. Surface water presents a different set of risks and
problems; information about special consideration and testing for surface water is available from the MN Department of Health
(MDH).
The most obvious concern about an unsafe water supply is the health risk to family or guests. Wastewater contamination serves as a
source of bacteria, viruses, and parasites that can cause gastrointestinal problems or transmit contagious diseases. High levels of
nitrate from fertilizer or wastewater can present a serious health risk to infants, and poisons resulting from improper use or disposal of
chemicals can cause long-term or chronic health problems for humans or animals.
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Another reason to make sure your shoreland property has a safe water supply relates to property value and transfer. A safe water
supply is an essential component of a valuable piece of shoreland property. Also, at the time of property transfer, most lending
institutions will not provide financing for the purchase of a property without a safe supply. They generally require a water test on a
sample collected by a third party within 60 days of closing.

Is There a Problem?
The following may indicate there is a problem with the quality of your water, and that you should have the water tested to ensure that
it is safe:
●

if there is a sudden or gradual change in taste, odor, or color

●

if family members frequently get upset stomachs, nausea, or diarrhea

●

if visitors get sick even when family members don't; those who use the water regularly may have become accustomed to it

●

if an oily sheen appears when the water stands for a while (this might also result from dissolved iron, which is not a health
risk)

●

if you smell petroleum or a chemical odor

Problem Wells
Sandpoint or drivepoint wells are common near shorelines, taking advantage of the high water table that may occur near lakes or
rivers. They consist of a screen on the end of a pointed pipe that is pounded, or driven, down to the water table. Because surface and
ground water are directly connected in shoreland areas, shallow wells may be essentially drawing water from the lake itself.
Many shallow hand-dug wells still exist in rural areas. Dug wells may be cased with tile or culvert and are especially susceptible to
contamination.
Water wells that are no longer in use must be properly sealed to prevent contamination from seeping into ground water. Any unused or
abandoned well can present a serious safety hazard for children or pets, as well as a direct route for contaminants to reach ground
water.

Using Surface Water
The MDH does not recommend using surface water as a drinking water supply. If you decide to use surface water for drinking at your
shoreland property, contact MDH or your county health department for guidelines on how to treat it to ensure a safe supply.
Because water from lakes and rivers contains bacteria and other living organisms, it must be disinfected before being used as drinking
water. Water can be disinfected with chemicals (chlorine, bromine, iodine), by boiling, or with ultraviolet light. Filtration alone will
not provide safe drinking water because it does not kill the bacteria, viruses, or parasites that can cause disease.
Giardia parasites are present in most of Minnesota's surface water today and can cause giardiasis, an intestinal disorder. The parasites
are very small and will pass through filter membranes unless they are extremely fine.

When to Test
Private water supplies should be tested regularly. The MDH requires a well test immediately after construction. After that,
recommended test frequency depends on well location, construction, and on previous test results. Testing every two to three years may
be sufficient for wells that have no history of contamination, are isolated from pollution sources, and have 50 feet of watertight casing.
Shallow wells, wells that have shown contamination, or wells without a watertight casing (such as dug wells) should be tested at least
once a year. Testing should be done when the well is most susceptible to contamination, usually immediately after spring thaw or
heavy rainfall.
The water should also be tested:
●

when a well is newly constructed or repaired

●

before using a well that has not been used for a long time

●

when a new baby is expected, arrives, or visits; don't forget visiting grandchildren

●

when the water is used by an expectant or nursing mother

●

when there is a change in odor, taste, or color

●

when a neighbor's well is found to be unsafe

●

when family or guests experience recurring stomach illness

●

when there is a chemical spill or accident nearby

●

when high water or flooding covers the top of the well

●

when there has been a significant change in landuse in the area
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What to Test for
Water quality may be affected by two types of contaminants:
primary contaminants--Chemicals and organisms that may cause acute disease or long-term health effects; coliform bacteria and
nitrate are examples of primary contaminants.
secondary contaminants--Cause objectionable odors, tastes, staining, corrosion, or other aesthetic problems that do not generally
pose a health risk; secondary contaminants are usually naturally occurring minerals (such as iron) or organisms (such as soil bacteria).
Municipal water supplies must be tested for over 80 primary drinking water standards. It would be prohibitively expensive to do all
these tests on private wells, so they are usually tested for coliform bacteria and nitrate. Coliform bacteria and nitrate are used as
indicators of water contamination. Bacteria may come from septic systems or animal feedlots and nitrate may indicate contamination
from wastewater or fertilizer.
Be sure to have your water tested at a certified lab. For accurate results, water samples should be tested within 24 hours of collection.
For more information on how to collect a water sample or on drinking water standards, contact a regional office of the MDH, your
community health service, or your county office of the University of Minnesota Extension Service.

BMPs for Safe Water Supplies
To maintain a safe water supply, follow these guidelines:
Short-term BMPs
●
●

Test the water annually for nitrate and coliform bacteria.
Disinfect the well and plumbing system following maintenance on the well or pump and after appliances or plumbing fixtures
are repaired or replaced.

●

Maintain septic systems properly and pump septic tanks regularly; see fact sheet #2.

●

Avoid diverting surface drainage to low areas where it may seep into ground water; see fact sheet #8.

●

Minimize the use of fertilizer and pesticides, particularly in sandy soils or with shallow wells; see fact sheet #9.

●

Dispose of hazardous household products properly; see fact sheet #14 for additional tips.

Long-term BMPs
●

Use a licensed well contractor for installing new wells or sealing unused wells.

●

When installing or replacing a well, follow the required isolation distances (see Figure 1).

●

When planning development on your lot, leave enough room for future expansion to avoid crowding the well.

●

Immediately replace or repair wells in which the casing is no longer watertight because of damage or corrosion.

●

Properly seal unused wells to prevent direct contamination of ground water.
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Figure 1: Minimum isolation distances required by Minnesota Department of Health between wells and possible sources of
contamination. Wells with less than 50 feet of watertight casing must be located at least twice as far from contamination sources.

Regulations that Apply
In Minnesota, there are certain regulations and recommendations to guarantee a safe water supply:
●

New wells should be installed by a licensed well contractor.

●

New wells may no longer be constructed within a dwelling.

●

A property owner may install a well, but the installation must meet all state requirements and the MDH must be notified.

●

Wells that are no longer used must be properly sealed by a licensed well contractor and reported to the MDH.

●

New wells must be tested at a certified lab for coliform bacteria and nitrate before they may be placed into service.

●

Although it is required by law in only a few counties in Minnesota, a water test confirming a safe water supply is required by
many financial institutions at the time of property transfer.

Costs
Testing for nitrate and coliform bacteria usually costs less than $15 per test. Some communities offer free water testing or low-cost
screening for residents.
Drilling a new well can be expensive, costing $10-20 per foot. However, constructing a new well will increase property value and may
be necessary for future property transfer if water from the existing well is unsafe. The health and safety of family and guests should
outweigh the financial costs of ensuring a safe water supply.

For More Information. . .
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call
Minnesota Water Line 1-800-455-4526
county offices:
●

Health Department or Sanitarian

●

University of Minnesota Extension Service
regional offices of MN State agencies:
❍

MN Department of Health

read:
Safe Drinking Water for Minnesotans. Bulletin, FO-0814. Contact county offices of the University of Minnesota Extension
Service.
Nitrate in Drinking Water. Fact sheet, PS-01. Available from county offices of the University of Minnesota Extension
Service.
Bacteria in Drinking Water. Fact sheet, PS-02. Available from county offices of the University of Minnesota Extension
Service.
Giardia in Drinking Water. Fact sheet, PS-07. Available from county offices of the University of Minnesota Extension
Service.

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The
series includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form

20. Septic System Information form

ATTACHMENT C

This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is
not permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St.
Louis counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity
education, service, and employment.
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Limiting Impact of Recreation on
Water Quality
Shoreland Best Management Practices
Number 5 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Keeping Your Lake or River Healthy
Recreational activities can adversely affect both water quality and the shoreline, particularly when they focus on the waterfront. You
can minimize these adverse impacts by developing and practicing a stewardship attitude as you enjoy your shoreland property and
participate in outdoor activities.
Recreational opportunities are a primary reason people choose to live by or visit Minnesota lakes and rivers, and the demand on our
water resources is always increasing. That increasing demand also increases the potential for damage to water quality and shorelines.
Assessing and improving leisure-time activities will help preserve water quality for fish and wildlife habitat as well as for our own
recreational purposes. Poor water quality can affect recreation in and on the water, degrade fish and wildlife habitat, pose a health risk
for water-contact recreation, and threaten the safety of your drinking water supply.
Over time, the waterfront environment has developed a natural balance based on linkages between water, land, vegetation, and
wildlife. This delicate equilibrium can be easily disrupted when humans move in and rearrange the shoreland area or when any of the
components are destroyed.

BMPs for Waterfronts
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When using the waterfront for recreation, make sure your activities do not cause lasting damage to the shoreline or water. As a
property owner, you should consider existing characteristics of the property to determine whether development is suitable. If you
decide to alter your waterfront, develop a site plan that uses existing natural features of your shoreline instead of requiring major
alteration.
Plan for both passive enjoyment of water resources and active pastimes. If a view of the water is important, consider strategic removal
of vegetation to create a line-of-sight rather than clear-cutting and establishing an open lawn. Before removing vegetation in the shore
impact zone, check with local zoning officials for guidelines. Remember to include appropriate aquatic and terrestrial wildlife habitat
in your plans to enhance your shoreland enjoyment.
If you landscape your lot, plan to preserve or re-establish vegetation, install appropriate erosion control methods, and reduce runoff to
protect your shoreland property and water quality (see fact sheets #6, 7, and 8).
The BMPs described below focus on specific recreational activities and are appropriate for property owners and visitors to Minnesota
waters.

Managing Vegetation
Soil and rock in the shoreland area have characteristics that influence the type and amount of natural aquatic and upland vegetation
and ground water in your area. Vegetation physically slows runoff, enhances infiltration of runoff, and takes up nutrients dissolved in
runoff and ground water. Fish, ducks, and other life depend on vegetation for food, spawning, and shelter. In addition, aquatic
vegetation protects your shoreline by damping wave action (see Figure 1). Remember to:
●

follow your site plan when developing your property, which includes the installation of beaches, docks, accesses, and
buildings

●

minimize disturbance of aquatic vegetation; BEFORE altering or removing any aquatic vegetation, contact the MN
Department of Natural Resources (DNR) Area Fisheries Supervisor to determine whether a permit is needed

●

remove aquatic plants only where they seriously interfere with recreational use of water and then clear only the smallest
possible area

●

never use chemicals for controlling aquatic plants without first obtaining a permit from the DNR; although aquatic herbicides
may be purchased without a permit, it is illegal to use them without a permit

Beaches and Swimming
If a swimming beach is a priority, try to purchase a lake or river lot that already has an established beach or sandy shoreline. If you
choose to develop a beach, select a site that requires minimal alteration of your shoreline.
FIRST contact your DNR Area Hydrol-ogist for information and appropriate permits for beach development. A good beach site
should:
●

have a gentle slope of less than 10:1, or 10 feet horizontal distance per each foot of vertical drop

●

be located where the bottom is firm, with less than 6 inches of muck or silt, and no springs or flowing water

●

be located in an area with minimal wave action; established aquatic vegetation dampens wave action on the shoreline

●

be located away from areas of significant fish or wildlife habitat, such as wild rice, bulrush, and other protected vegetation

If you decide to develop a beach, consider the impact of alteration on the shore: you may be "gaining" a beach, but you will be losing
habitat, runoff control, and erosion control. For additional information obtain a copy of the Beach Sand Blankets brochure from the
DNR Division of Waters.
A beach sand blanket may consist of washed sand ranging in grain size from very fine sand to "pea-gravel." If you add sand, use the
largest available grain size, e.g., pea-gravel, to provide a more stable beach. Use of a swimming raft may be a good alternative to the

ATTACHMENT C

development of a sand beach. Due to boating safety concerns, the county sheriff's department requires an easily obtainable permit for
floating rafts.
When swimming:
●

do not use soap or shampoo in the water

●

insist that swimmers leave the water to use the bathroom

Boating and Fishing
Many recreational activities involve the use of motorized watercraft, including personal watercraft, inboard and outboard motor boats
for fishing or water-skiing, and houseboats. The following BMPs will help minimize potential damage to lakes and rivers:
●

●

●

●

●

●

●

Avoid spilling gas, oil, paint, varnish, or stripper; never pour over the water during fueling or boat maintenance; do not
"top-off" fuel tanks; fuel the boat on the trailer whenever possible.
Install fuel storage tanks far away from the waterfront.
Properly store and dispose of all wastewater, both greywater (from sinks) and human waste, while boating or fishing,
especially on houseboats.
Adjust your speed to reduce the wake and consequent wave action that can damage the shoreline; observe surface water use
guidelines, including "no-wake" and low speed zones.
Fish responsibly; it is illegal to deposit fish entrails or parts into public waters or onto lake or stream shores.
Inspect boats and trailers to avoid moving non-native plants or animals from one water body to another; in Minnesota, it is
illegal to transport exotic species; see fact sheet #15.
Store and then properly dispose of wastewater when ice fishing; human waste from several ice houses can have a significant
impact on the water quality in your lake or river.

Figure 1: Terrestrial vegetation minimizes runoff that can impair water quality and aquatic vegetation dampens wave action to help
reduce shoreline erosion.

Camping
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Camping is a recreational activity that takes us away from regular habits for cleanup, washing, and waste disposal. Some practices that
will help minimize impact on the environment are listed below:
●

●

●

●

●

Use the latrine whenever one is provided; if none is available, bury human waste a minimum of 100 feet from water's edge;
bacteria and viruses in human waste transmit disease.
Properly dispose of all garbage, including litter you find.
Never dispose of fish guts or other waste in the water, even if it is "biodegradable"; it attracts pests and can add nutrients to
the water.
Never wash in the lake or river; wash dishes, hair, clothes, and yourself at least 150 feet from the water's edge; always use
biodegradable soap.
If using surface water for drinking, collect it from below the surface near the center of the lake, not from near-shore; running
water is more likely to carry giardia parasites, so avoid using river water for drinking; purify the water before drinking by
boiling for 5 minutes; filters and chemicals are not always effective in removing giardia; for more information contact the
U.S. Forest Service or MN Department of Health.

Remember to always follow the specific rules or guidelines established for the areas in which you are camping (e.g., wilderness areas,
state parks, or private campgrounds).

Buildings Near the Shore
Local units of government have established standards that are based on statewide shoreland regulations for nearshore structures, such
as boat houses, saunas, and gazebos. In developing a site plan or planning a waterfront structure, property owners should:
●

first contact the local zoning official to determine if the structure is permitted and what standards are required

●

minimize shoreland alteration and use adequate erosion control methods

●

design the structure to reduce its visibility from the water and adjacent property

●

locate boat houses where the water depth is sufficient to launch the boat and where aquatic plants need not be removed

●

●

●

store gasoline, oil, and other potentially hazardous materials away from the water in a building with a solid floor; store
emergency clean-up materials with the chemicals
drain greywater from saunas through the septic system or connect with sewer lines to avoid adding soaps, oils, and bacteria to
your water
contact the DNR Area Hydrologist to obtain permit information BEFORE repairing any existing structures built over the
water

Docks, Decks, and Accesses
Docks, boat ramps, and decks offer ways to reach and enjoy the waterfront. If not properly constructed and maintained, they may
cause water quality problems. For more information contact the DNR Area Hydrol-ogist or county zoning office and follow these
BMPs:
●

●

Follow your site plan when installing a docking facility; permanent docks, if allowed in your area, and seasonal docks must
follow DNR guidelines.
Use naturally resistant wood (cedar, tamarack, redwood), metal, or plastic instead of treated wood because the chemicals
used to treat the wood may cause water quality problems.
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●

Construct all docks to allow free flow of water beneath them to prevent erosion and sedimentation along the shore.

●

Construct the smallest possible dock to meet your needs.

●

Never apply wood preservatives or paint to decks or docks while they are in or over the water.

●

●

●

●

Follow shoreland ordinances when building decks near the shoreline; some setback requirements apply to decks to help
protect water quality and minimize visual impact to other water users.
Minimize the amount of ground surface covered with decks and patios to avoid increasing runoff and erosion.
Eliminate paths to the waterfront that cut directly up and down slopes or over bluffs because they decrease stability of the
shoreline and increase erosion; replace with stairways when necessary.
Consider using the public access instead of developing your own boat ramp to minimize waterfront disturbance.

Off-Road Vehicles
The use of off-road vehicles, such as all-terrain vehicles (ATVs), mountain bikes, and snowmobiles, can have a severe effect on lakes
and rivers by increasing erosion, turbidity, and sedimentation. Follow these BMPs to minimize the impact of your off-road recreation
on water quality:
●

●

Stay on well-maintained trails.
Construct crossings over streams and wetlands to avoid damaging the bottom and banks (contact the DNR Area Hydrologist
for appropriate permits).

●

When entering or leaving an ice-covered lake or river, avoid wet or muddy areas and do not break down bluffs or banks.

●

Stay away from sensitive areas during spring melt when the ground is thawing and very susceptible to rutting and erosion.

●

Observe dates and time periods designed to regulate off-road recreation during muddy seasons.

●

Stay off thin ice; not only is it potentially fatal to riders, but when motorized vehicles break through, petroleum products and
battery acid can contaminate water.

Your Investment and Costs
Planning and maintaining a healthy waterfront is far less costly than trying to fix a disturbed system and benefits are far greater.
Repairing shoreline damage is rarely successful and often impossible. For some shoreline modification projects, you will need a
permit. Fees for permits vary; contact the DNR Area Hydrologist for more information.
Fees for many recreational licenses help enhance Minnesota's water-based recreation through educational programs, research, fish
stocking, trails and access development, and habitat protection.
Your investment in Minnesota's water resources will pay off in returns to you and future generations through enhanced recreation and
improved wildlife habitat.

Regulations that Apply
Any alteration of the lake/river bottom below the Ordinary High Water Level (OHWL) is subject to the regulatory jurisdiction of the
DNR. Any alteration of the shoreland above the OHWL is subject to the regulations of the local unit of government (county, township,
or municipality).
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The OHWL is the highest water level that a lake has maintained for enough time to leave evidence on the landscape. It is often
identified as where natural vegetation changes from aquatic to upland species. For streams, the OHWL is generally the top of the bank
of the channel.
You should determine the location of the OHWL on your waterfront property (Figure 2). Contact your DNR Area Hydrologist or
county zoning officials for assistance. Your DNR Area Fisheries Supervisor can assist you with questions regarding aquatic plant
management methods and permits.
In some areas, concerned citizens or lake associations have informally established restrictions for recreational use of surface waters.
Some of these, such as "no-wake" zones, are intended to help protect water quality. Others are more social and are designed to
enhance community enjoyment, such as noise reduction and curfews. In some cases, county boards have enacted ordinances to
formalize these guidelines into regulations. Check with your zoning officials or property owners association about whether any apply
in your area.

Figure 2: Cross section showing the ordinary high water level (OHWL) which is the legal boundary of the lakebed; in some cases, the
OHWL is located many yards away from the open water.

For More Information. . .
call
county offices:
●

Soil and Water Conservation District (SWCD)

●

Planning and Zoning Department

●

University of Minnesota Extension Service

regional offices of MN State agencies:
●

MN Department of Natural Resources, (DNR, Division of Fish and Wildlife, Division of Forestry

●

Area Hydrologist

●

Area Fisheries Supervisor

●

Area Wildlife Supervisor

federal agencies
●

Natural Resources Conservation Services (NRCS)

●

U.S. Army Corps of Engineers (USACoE)

●

U.S. Forest Service

read(all available from the DNR
●

Beach Sand Blankets

●

Boat Launching Ramps

●

Rip-rap and streambank protection

●

leafleats on algae and aquatic vegetation

Part of a series. . .
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This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
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counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
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Developing Shoreland Landscapes
and Construction Activities
Shoreland Best Management Practices
Number 6 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Why Is a Landscape Plan Necessary?
Whether you are landscaping your property, building a cabin, or designing a large resort, each land parcel has limitations for
development. Limitations may include the type of soil, steep slopes, native vegetation, and other landscape features.
Plants and trees help to hold the soil and prevent erosion, especially on steep slopes. Removing them to establish a lawn increases the
chance for soil erosion. Soil erosion can lead to structural damage, reduce soil fertility, and fill in road ditches. It harms your river or
lake by causing excess sedimentation, killing aquatic bottom life, and disrupting spawning. The sediment, with accompanying
nutrients, may lead to algal blooms, decreased lake depth, and reduced aesthetic appeal. All of these potential problems are expensive
to correct and, more importantly, can be avoided by proper water and landuse practices.
Use existing features of your landscape in creating your plan.
You can prevent problems by working "with the land" rather
than against it.

Getting Started
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The most important steps in getting started are to draw a detailed map of your property (see Figure 1 as an example) and to check with
your planning and zoning office for local requirements. On the map, take care to accurately note these important features:
●

hills and sloping areas

●

location of roads and driveways

●

potential building sites

●

drainage patterns

●

sewage treatment systems

●

existing vegetation

●

wildlife habitat

●

land features such as wetlands and rock outcrops

●

water wells

Next consider your long-term objectives for the property:
●

How long do you plan on owning the property?

●

What space do you require for your outdoor recreation activities?

●

Do you want to create additional wildlife habitat?

●

How compatible are your ideas with the expected long-term development objectives of the area?

●

Do you plan on expanding or remodeling in the future?

●

Does the "lay of the land" suit your ideas?

These and many more questions should be explored, including considering the potential uses for your property.

Developing Your Site Plan
The site plan should be based on your long-term objectives and the suitability of the land for these uses, with precautions taken to
prevent soil erosion and water pollution. With these considerations in mind, your site plan will optimize the natural beauty and
attributes of your property. The site plan can be a one year, ten year, or a twenty-five year plan, depending on your resources and time.
But remember, the longer you wait, the more difficult and costly it will become to fix erosion problems.

Layout of Your Grounds
If you have the freedom to arrange your buildings and grounds, you can reduce water runoff problems in several ways. Locate
driveways, walks, and yard and garden edges to follow level contours and gentle slopes. Do not lead water directly downhill. This
gives it maximum speed and cutting power for erosion. Long, steep slopes have the greatest erosion potential. Consider putting small
dams at intervals in ditches to slow runoff water and trap sediment. Cross-slope designs are better than up-and-down-hill ones.
The site plan you develop is critical. Site your septic system and water well in suitable areas before you finalize building locations and
landscaping plans.
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General Guidelines for Landscaping
●

●

●

●

●

●

●

●

Keep the site covered. Any disturbance of ground cover (grass or shrubs) will expose soil. This leads to erosion and slope
failure. Use hay or straw as a mulch to cover disturbed areas after reseeding. A good rule of thumb is one 50-pound bale per
500 square feet. Consider working only in a small area and stabilizing that site before disturbing another.
Minimize disturbance to plants and trees. Select and save trees to gain time in landscaping later. Protect trees from heavy
equipment by encasing them with heavy planks tied vertically around the trunks. Large trees, especially birch, can be killed
by heavy traffic that compacts the soil. Putting fill material too deeply over the root area can also kill trees.
Maintain a filter strip of natural vegetation along the banks of lakes and streams. The best filter strip is mature
woodland with undisturbed grass and shrub layers.
Establish permanent cover. After your grounds have been graded to minimize and control runoff, the next step is to plant a
permanent cover on all areas that have been disturbed. Trees and shrubs are excellent at protecting soil from rain and are
practical erosion-control measures. Use native types of trees and shrubs wherever possible. They are well adapted to our
climate, insects, and diseases. Native trees and shrubs also create a landscape that needs minimal maintenance and is more
natural.
Plant trees and shrubs to help buffer harsh winter winds and provide shade during hot summer days. Plants also serve as a
living "fence" to provide privacy and excellent habitat for birds and other wildlife.
Use pesticides and fertilizers carefully. Use only approved pesticides and follow label directions. See fact sheet #9 for more
information.
Plan streets and roads. Roads that follow general contours and moderate slopes offer less obstruction to natural drainage.
They are also easier to stabilize and maintain. Plan driveway grades of 10% or less. Where steep slopes cannot be avoided,
consider putting in "water bars." These small, raised ridges on the road surface help to route runoff water to road ditches,
rather than allowing it to run the entire length of the slope. Properly sized culverts are also important for a well-drained road
bed. See fact sheet #8 for more information.
Control runoff. Rainfall and snow melt runoff should be directed to safe drainageways so that water will not scour and wash
away soil. Curbs of dirt, timber, or other materials can be placed at the crests of steep hills or cuts to divert runoff away from
unprotected slopes. Diversions can also be constructed to control runoff. They collect runoff and lead it downhill to a safe
outlet.
Don't forget that "hard" surfaces are impermeable to water and increase runoff. These impermeable surfaces include building
roofs, roads, driveways, and patios. Minimize the amount of hard surfaces to help control excess runoff.
To prevent runoff damage by water:

●

keep it spread out, moving slowly

●

divert it away from sensitive areas

●

direct it to flow over erosion-resistant materials such as dense sod, rocks, plastic sheeting, or concrete

●

protect natural drainageways from filling with sediment
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Check these off as you draw them on the plan:
_____contour elevations of your property (OR note steep slopes and flat areas)
_____areas where you will be excavating and filling soil types (e.g., clay, sandy loam)
_____property boundaries
_____setback distances between shoreline and structures
_____elevations of important features such as buildings, drainage outlets, or wetlands
_____drainage patterns (streams or drainageways)
_____location of electric, gas, water, or sewer utilities
_____areas needing protection to prevent erosion such as unstable slopes and steep embankments
_____vegetation (to be removed, added, or left as is)
_____ordinary high water level of lake or river
_____scale (usually number of feet per inch)
_____north directional arrow
Big, old dead trees, brushpiles, and unmowed grass are "home" for a wide variety of wildlife. Save these whenever possible.
Use vegetation to help direct people away from sensitive areas, such as steep slopes.
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Figure 1: A landscaping plan should include roads, buildings, topography and slope, shoreline, and vegetation.
Remember to maintain an adequate turnaround area near your
home for emergency vehicle access.

Regulations that Apply
Before beginning any landscaping or construction, check with your local zoning department for information on shoreland
requirements including setbacks, permits, and building codes. Most ordinances restrict the total surface area that may be covered with
impermeable materials. These include driveways, roofs, and patios.

For More Information. . .
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call
local contractors:
●

information on building conditions

county offices
●

●

●

University of Minnesota Extension Service
--information on native or adapted plant species, soil testing, or landscape planning
Soil and Water Conservation District (SWCD)
--information on conservation planning, soils, erosion control, wetlands
Planning and Zoning Department
--information on zoning regulations, wetlands

regional offices of MN State agencies
●

MN Department of Natural Resources (DNR)
--information on wildlife or fish habitat, shoreline erosion, permits

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota

Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
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These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
Next Section: #7 Stabilizing Your Shoreline to Prevent Erosion
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Stabilizing Your Shoreline to
Prevent Erosion
Shoreland Best Management Practices
Number 7 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Recognizing Erosion Problems
With more shoreline than California, Florida, and Hawaii combined, Minnesota is bound to have areas where shoreland erosion is a
problem. It is obvious that wave-pounded properties lose soil and ultimately their value. What is not as obvious is that this erosion
process can be accelerated or slowed by the practices you adopt, and that sediment going into the lake or river is a pollutant.
Erosion is a natural process and, therefore, some sediment does end up in surface water. Clearing shoreland vegetation and beach
rocks, and increasing runoff to the shore will accelerate shoreland erosion.

Bluff Stabilization
Increased runoff is especially detrimental to high bluffs (Figure 1). Slumping of waterfront bluffs results from unstable soil, usually
because surface or ground water is reaching the bluff. On lakes, waves can erode supporting soil at the bottom of the bluff and cause
slumping. Along river bluffs, river currents may erode the supporting soil.
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Figure 1: Factors that can make bluffs unstable.
Erosion of higher shoreline bluff areas can be prevented by:
●

retaining moisture-absorbing vegetation on the bluff

●

outletting rain gutters and diverting surface runoff away from the bluff

●

reducing runoff rate toward the bluff

●

minimizing paved areas that increase runoff

●

limiting ground water flow toward the bluff

●

installing septic systems and drainfields away from the bluff

●

avoiding additional weight on the bluff edge, such as pools, buildings, or storage sheds

On property with steep slopes or bluffs, reducing the amount of water reaching the bluff will help with stabilization. If diverting water
away from the bluff is impractical, it should be routed through a nonperforated plastic drain pipe that outlets at the very bottom of the
bluff. Rock should be placed around the outlet to prevent erosion at the bottom of the drain. Surface water and some ground water can
be intercepted before it reaches the bluff by installing a "French drain" (Figure 2).

Figure 2: French drains intercept surface water and increase soil stability. Deeper drains will intercept more ground water, but
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shallower drains are effective also and may cause less disturbance on the bluff. The maximum depth for French drains is 15 to 20 feet.
A French drain is a narrow trench set back from, but parallel to, the top of the bluff and filled with free-draining sand or gravel. A
perforated, corrugated plastic pipe at the bottom collects water and should drain away from the bluff. The entire perforated length of
pipe must be wrapped with fabric or a filter sock. Installing deeper drains will intercept more ground water and provide better
protection for the bluff.
No additional weight such as a building, garage slab, or vehicle should be placed near the top of the bluff. Septic systems and
swimming pools are especially inappropriate near the top of a bluff because they add weight and water.
For most property that slopes toward water, leaving the natural shoreland undisturbed is often the best and least expensive protection
against erosion. A filter strip of thriving vegetation on and near the shore binds the soil and minimizes soil loss from surface runoff
and waves, and from use by people (Figure 3). Existing vegetation can be enhanced by planting woody or aquatic plants.

Figure 3: Well-established vegetation on the shore stabilizes the soil and helps remove water.
Natural shoreline features provide natural protection. While swimmers may not enjoy walking on cobblestones, and an ice-pushed
ridge may block some of the view from your lawn chair, these features help "nourish" your beach by reducing erosion and trapping
sand. Even driftwood absorbs a certain amount of wave energy that otherwise erodes soil.

Shore Protection
Regardless of the natural protection on your shore, the right combination of conditions (such as high lake level and wind direction) can
result in a severe wave pounding, and shoreland soil may need additional protection.
Placement of large rock, usually referred to as rip-rap, is the preferred and most common form of shore protection (see Figure 4).
Technical methods are available to determine rock size, placement geometry, and elevations to ensure the best protection. Your county
Soil and Water Conservation District (SWCD), the MN Board of Water and Soil Resources (BWSR), and the federal Natural
Resources Conservation Service (NRCS) can provide technical assistance.
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Figure 4: Proper rip-rap placement (MHW=mean high water, MLW=mean low water).
The above agencies will also have information on other types or remedies that may be appropriate for your particular situation.
Potential shore protection alternatives include:
●

bulkheads (retaining walls)

●

gabions (rock-filled wire baskets)

●

articulating blocks (cable-connected concrete blocks)

●

Geoweb matrix (thick, open-cell plastic grid)

A few of the alternatives can be placed by hand. Some other alternatives, such as railroad ties, are often tried but rarely work. If you
have your own idea for a solution, you should seek technical advice first.
If rip-rap is used, crushed or blasted rock locks together better than rounded boulders, but can be very expensive unless it is readily
available.
Geotextile fabric is usually placed beneath the rock rip-rap to prevent soil loss through the rip-rap openings. It is easy to place and
provides an excellent filter barrier (Figure 4). In order to prevent punctures, plenty of slack should be provided over protruding objects
that cannot be removed. A layer of sand or fine gravel can be placed on the fabric for extra protection against puncture. Enough fabric
should be laid out so that the rip-rap periphery can be "wrapped" by bringing the fabric up and back down into the rip-rap. This will
help hold the rip-rap together as one structural unit. Keep in mind that sunlight will degrade exposed fabric. As an alternative to the
fabric, a graded filter layer can be used beneath rip-rap to prevent soil loss through the rip-rap openings.
Sufficient rock must be placed at the base of the rip-rap for toe protection. Excavated toe material must be removed from the lakebed
and placed in a non-wetland area.

Costs
The price of rip-rap placement depends on local contractors, distance to the nearest rock source, and access to the project site. It also
depends on how much other work, such as clearing or earthwork, is required.
If you are planning to start a project in the mid- to late-1990s, you should expect to pay $40-75 per shoreline foot for inland lake
shorelines and $100-175, or more, per foot for Lake Superior shoreline protection. Inquire at the county SWCD office about cost-share
assistance.
A project cost can also be estimated by calling earthwork contractors in your area. A big savings can be realized if you can install
these items yourself.
If you want to stabilize a slumping bluff, find out about soil types and ground water level. The record from when your well was drilled
may be a good information source and can be obtained from the state or county health department or from your well driller. Contact
your county SWCD for information on soils.
Effective bluff stabilization will require technical assistance. Request an engineer from the BWSR, SWCD, or NRCS to inspect your
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site, or consider hiring a geotechnical engineering firm to take soil borings, analyze soil properties, and recommend a remedy. Most
private consulting firms can drill 100 feet a day and charge $1,000 a day. For a small site, drilling, analysis, and a recommendation
will cost about $2,000 (1996).

Regulations that Apply
All erosion protection projects that alter the lake- or riverbed require a protected waters permit from the Department of Natural
Resources (DNR). Contact the DNR Area Hydrologist for permit guidelines, which other agencies might require a permit, and for
assistance in planning your erosion prevention project. Some rip-rap projects may not need a permit. For those projects requiring a
permit, the fee is $75 (1996). Permit fees for projects other than rip-rap are a minimum of $75 (1996).

For More Information...
call
county offices:
●

University of Minnesota Extension Service

●

Soil and Water Conservation District (SWCD)

●

Planning and Zoning Department

regional offices of MN State agencies:
●

MN Board of Water and Soil Resources (BWSR)

●

MN Department of Natural Resources (DNR)(Area Hydrologist)

federal agencies:
●

Natural Resources Conservation Service (NRCS)

●

U.S. Army Corps of Engineers (USACoE)

read
Streambank Erosion...Gainin a Greater understanding.
Available from DNR.
Rip-Rap Shore and Streambank Erosion Brochure. Available from DNR.
Low Cost Shore Protection...a Property Owner's Guide. U.S. Army Corps of Engineers

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands

13. Managing Crops and Animals Near Shorelands
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14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
Next Section: #8 Minimizing Runoff from Shoreland Property
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Minimizing Runoff from Shoreland
Property
Shoreland Best Management Practices
Number 8 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Why Is Runoff a Problem?
When an area is developed or altered, the way water flows is also changed. As land surfaces are covered with roads, driveways, or
impervious surfaces (rooftops, decks, sidewalks, and parking lots), less water can seep into the soil, so runoff increases. This increased
runoff is usually channeled into ditches, drainageways, storm sewers, or road gutters and often ends up in nearby lakes and streams.
High flows of water can cause flooding or erosion, as well as increasing sediment in streams and lakes. Fine sediment can also
transport nutrients such as nitrate or phosphorus, and pollutants such as sands or salts from icy roads. All of these processes have an
adverse effect on water quality.

Preventing Runoff
Planning ahead is the first and most important step in preventing or minimizing erosion due to runoff. An easy way to do this is to
pretend that you are a raindrop. In looking at the landscape or any impervious surfaces, which route would you travel? Obviously, you
would want to take the easiest path downhill. Keeping that in mind, note any areas that runoff would choose to travel.
Evaluate your property before you begin your landscape design. Consider slope, soil type, and existing vegetation as you plan your
development. Fact sheet #6 offers additional tips for landscape planning.
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Identifying Problems Caused by Runoff
Problem
●

●

●

Possible Cause

Is the water near shore cloudy?
Is there an oily rainbow film on
the water
Are there algal blooms, green
scum, or abundant plant growth in
the water?

●

excess sediment reaching water

●

possible petroleum contamination

●

●
●

Are washouts, trenches, small
piles of sediment, leaves, or debris
found at the bottom of slopes?

excess nutrients such as nitrate or
phosphorus reaching the water
excessive runoff across the property

Long-term BMPs
Follow these long-term BMPs to minimize runoff and prevent erosion:
●

Limit paved and covered areas that prevent water from seeping into the ground.

●

Invest in permanent stabilization practices for long-term protection of your shoreland property by planting new vegetation,
installing erosion control structures, and diverting drainage.

●

Retain trees and shrubs; trees provide a natural umbrella by shedding water and can reduce runoff by as much as 50%; fact
sheets #6, 9, and 11 offer landscaping tips.

●

Plan and complete an annual maintenance schedule to make sure that your runoff and erosion control plan is working to
protect your property.

●

Limit clearing and grading on slopes and minimize cutting and filling for roads, sidewalks, and footpaths to reduce erosion
and still provide access.

●

Avoid damaging adjacent property with temporary erosion control methods, because water does not stop flowing at your
property line.

Drainageways
●

Use existing natural drainage systems such as valleys or low areas instead of digging new ditches.

●

Design culverts and drainage structures to handle excessive amounts of runoff; assistance is available from your county Soil
and Water Conservation District (SWCD) or the Natural Resources Conservation Service (NRCS).

●

Protect storm sewers from sedimentation so they are able to carry storm water as intended.

Roads, Driveways, and Sidewalks
●

Minimize pavements and impervious surfaces.

●

Use gravel driveways instead of pavement.
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●

Where paved areas are necessary, locate them as close to the main road as possible to minimize the length of paved driveway.

●

Do not pave wasted space such as corners near buildings that are not large enough for parking or driving.

●

Locate driveways, sidewalks, stairways, and footpaths away from slopes because steeper slopes have greater erosion
potential; if you must cross a hillside, follow the contour of the slope.

●

Use steps when a walkway must go directly up and down a slope, particularly near the waterfront.

●

Minimize road crossings over waterways and cross at a right angle to the stream if possible.

●

Sweep driveways or sidewalks instead of washing them down with a hose, to prevent sediment, salt, and petroleum products
from washing into storm sewers; cover stockpiles of salt and sand with a tarp or store them in a building.

●

Use shallow grassed areas by roadsides instead of curb and gutter runoff and storage for snow.

●

Install water bars on sloping roadways to slow and divert runoff.

●

Use paving stones instead of solid concrete for walkways; this allows water to seep around the stones instead of running off.

●

Avoid shortcutting down slopes because shortcutting causes erosion; compacted soil on footpaths also promotes excessive
runoff.

Landscaping and Construction
●

When landscaping, stage construction so one area is stabilized before another area is disturbed.

●

Avoid construction in areas with:
--little vegetative cover; preserve existing cover
--erodable soils (sands, or soils that appear fluffy when dry)
--mainly bedrock with a thin covering of soil
--steep slopes of greater than 10%; to picture a 10% slope, imagine putting the bottom end of a board 10 feet out from the
wall and the top end at 1 foot up the wall; this is a 10% slope (see Figure 1)

●

●

●

●

●

Control erosion during construction by using temporary methods such as diversions to carry water away from the
construction site to where it can be safely dispersed or silt fences or hay bales to trap sediments before they enter the water;
a combination of methods may be the best solution (see Figures 2 and 3).
Use only clean fill (free from debris and dirt) such as rock, sand, or gravel near lakes and streams.
Use only solid concrete forms such as interlocking blocks or slabs; do not use liquid concrete and avoid treated timbers or
railroad ties.
Make sure utility trenches are drained of water, backfilled, seeded, and mulched.
Inspect construction projects immediately after initial installation of erosion control measures, during construction, following
any severe rainstorm, before reseeding, and when nearing the completion of construction work; temporary erosion controls
should be removed; ensure that stabilization is complete and drainageways are in proper working order.

Figure 1: A 10% slope is represented by leaning a board against the wall with the top at 1 foot and the base set 10 feet away from the
wall.
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Figure 2: Constructing a silt fence to slow runoff and prevent erosion.

1. Set posts and excavate a 6"x6" trench upslope along the line of
posts.

3. Attach the filter fabric to the wire fence and extend it into the
trench.

2. Staple wire fencing to the posts.

4. Backfill and compact the excavated soil.

Figure 3: Constructing a straw bale barier to slow runoff and prevent erosion.

1. Excate the trench.

3. Wedge loose straw between bales.

2. Place and stake straw bales.

4. Backfill and compact the excavated soil.
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As a general rule, the erosion
hazard will become critical if
slope lengths exceed these values:
0-6%
6-12%
13% and over

200 feet
100 feet
50 feet

Buildings and Runoff
●

●

●

●

●

Install rain gutters along the edge of rooftops to help carry water off of the roof and away from the building to areas where
soil won't be eroded; make sure there is erosion protection where the gutters outlet onto soil.
Keep gutters free from debris and draining properly.
Keep rooftops free of snow and ice buildup to help control the magnitude of runoff in the spring and protect your roof from
damage.
Pave patios with flagstones or decay-resistant wood blocks instead of solid material to permit some water to seep around the
stones or blocks.
Position rooftops so they are perpendicular to the slope, instead of parallel, to slow down runoff (Figure 4).

Figure 4: Build rooflines perpendicular to slopes

roofline perpendicular to slope slows down runoff

roofline parallel to slope increases potential for runoff damage

Regulations that Apply
Most zoning ordinances restrict the amount of impermeable surface allowed in the shoreland area; check with your local zoning
officials for more information. Alteration or filling of wetlands is strictly regulated; check with your county Soil and Water
Conservation District before beginning any projects that impact wetlands. For any development along waterways or lakeshores,
contact the Department of Natural Resources, Division of Waters for any necessary permits.
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Remember
It is a Minnesota law that you must "call before you dig."
Contact Gopher State one Call 1-800-252-1166

For More Information...
call
county offices:
●

Soil and Water Conservation District (SWCD)

●

University of Minnesota Extension Service

●

Planning and Zoning Department

federal agencies:
●

Natural Resources Conservation Service (NRCS)

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota

Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
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These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
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Caring for Shoreland Lawns and
Gardens
Shoreland Best Management Practices
Number 9 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Why Are Lawns and Gardens a Potential Problem?
Lawns and gardens near shorelands must be carefully planned and maintained to prevent possible contamination of surface waters.
Native vegetation should be considered as a quality alternative to cultured lawns and landscapes. Landscapes will revert to a native
state if no maintenance is performed; planting native vegetation will hasten the process.
Establishment of new lawns must conform to Shoreland Management Regulations, which prohibit excessive removal of vegetation
near the shore and on slopes and bluffs. Check with your local zoning authority for specific regulations governing the body of water in
question.
Existing lawns and gardens must be maintained in a manner that prevents the possible contamination of ground and surface waters.
Before beginning any practice, stop and think about potential risks to water quality. Shoreland owners must be aware of potential
problems caused by soil erosion, as well as pollution due to chemical amendments and organic yard waste.
Special attention should be paid if the following conditions exist:
●

There are areas of exposed soil--flower beds, vegetable gardens, or poorly established vegetation.

●

Soils have a coarse texture, such as sands or sandy loams.
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●

The property slopes toward surface water.

●

There are impervious surfaces, such as sidewalks and driveways.

●

Lawn or landscape maintenance is being done close to the surface water.

●

Fertilizers, pesticides, or soil amendments are being applied.

Avoid or minimize the use of chemical fertilizers and pesticides.

Figure 1: A well-designed landscape plan includes
1. natural vegetation along the water's edge;
2. an intact ice ridge or added berm;
3. a natural vegetation filter strip;
4. well-established grass or ground cover; and
5. a level garden set back from the waterfront.

Preventing Soil Erosion
Surface waters can be contaminated by soil particles that are washed or blown into the water. In addition to the problem of sediment,
soil particles can carry phosphorus, which is a potential pollutant, into the water.
To avoid this problem:
●

maintain a vigorously growing filter zone of grass, trees, and shrubs next to surface waters

●

minimize areas of exposed soil by maintaining native vegetation or dense turf

●

preserve ice ridges or construct an earth berm near the shore to minimize the possibility of runoff; the berm, which is a small
mound of earth, should run parallel to the shore to prevent runoff into surface water

Preventing Potential Problems from Fertilizers
If possible avoid the use of chemical fertilizers. Native vegetation does not require the application of additional fertilizer. Use
caution if applying fertilizers to lawns and adhere to the following guidelines:
●

Have your soil tested to determine how much fertilizer is needed and minimize the use of chemical fertilizers; soil test
sample bags are available through the county offices of the University of Minnesota Extension Service.

ATTACHMENT C
●

Use compost or manure; this is preferable to chemical fertilizer. However, these also have the potential to damage water
quality if used in excessive amounts.

●

If chemical fertilizers are used, select slow-release (water insoluble) forms; see recommendations for fertilizing on next page.

●

Water your lawn after fertilizing, but do not allow excess water to run off into surface waters.

●

Sweep up any fertilizer spilled on hard surfaces such as walks and driveways, instead of washing it off.

●

●

●

Use extra caution when applying fertilizer near surface waters; do not spread fertilizer within 75 feet of surface waters or
wetlands; use a "drop" spreader and not a "cyclone" spreader to minimize the possibility of getting fertilizer directly into the
water.
Never apply fertilizers to frozen ground.
Leave a natural vegetation filter strip of grass, trees, and/or shrubs next to the shoreline; another option would be to construct
a berm along the shore.

Preventing Potential Problems from Pesticides
If possible avoid the use of chemical pesticides. Consult a professional from the University of Minnesota Extension Service or Soil
and Water Conservation District to determine if the use of a pesticide is justified. The following practices will minimize the potential
of contamination from pesticides:
●

Properly identify whether the pest is an insect, disease, or other problem.

●

Determine if there is an economic or aesthetic justification for initiating control of the pest.

●

Consider control options other than the use of a chemical pesticide; biological controls and pest-resistant plant varieties
are becoming more available.

●

Use the least toxic and most readily degradable pesticide that will be effective.

●

Read the pesticide label carefully and pay special attention to safety precautions and warnings about use near water.

●

Do not apply pesticides when it is windy to avoid the possibility of drift.

●

When purchasing pesticides, buy only what is needed to control the problem during the current season.

●

Waste pesticides should be disposed of properly. Never pour excess pesticides on the ground, into surface waters, or into
sanitary treatment systems; consult with your county solid waste office, the Minnesota Pollution Control Agency, or your
sanitary district for proper methods of collection and disposal.

Best Management Practices for Lawns
The establishment of new lawns must conform to Shoreland Management Regulations. Natural vegetation cannot be excessively
removed from the "Shore Impact Zone," generally a distance of 50 to 100 feet from the surface water, depending upon the county, and
lake or river classification. Removal of vegetation from slopes and bluffs is also regulated. Check with your local zoning authority for
specific regulations.

ESTABLISHING NEW TURF
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●

If permitted by regulation, a grass lawn can be established with either sod or seed.

●

Sod should always be used if there is a slope and the danger of soil erosion exists.

●

●

Seeding is effective if runoff is not a problem and if the seedbed can be kept moist. Bluegrass seed requires three weeks to
establish, and if the seed bed dries out during this time, the seedlings may die.
When seeding, preparation of a good seedbed is necessary for success. Seed-soil contact is essential. Select seed varieties that
are suitable for full sun or partial shade. For specific recommendations consult The Home Lawn, University of Minnesota
Extension Service Bulletin MI-0488.

MAINTAINING ESTABLISHED TURF
Fertilizing
For dense growth, grass requires the addition of some form of nitrogen fertilizer. Nitrogen is a very mobile nutrient and attention
must be paid to application rates and timing to eliminate the possibility of water contamination.
●

●

Do not apply more than 1 lb. of actual nitrogen per 1,000 square feet of lawn per year. If soils are sandy or grass is sparse, 1/2
lb. of nitrogen per 1,000 square feet per application is appropriate. (The analysis of fertilizers is a percentage by weight. For
example, a 34-0-0 fertilizer is 34% nitrogen by weight; 3 lb. of fertilizer contains 1 lb. of actual nitrogen.)
Low-maintenance lawns will grow well with one application of fertilizer per year (1 lb. of actual nitrogen per 1,000 square
feet). The best time of year to apply this fertilizer is in the early fall, during the month of September.

●

The use of slow-release nitrogen is desirable. This may be some form of organic fertilizer or "synthetic" slow-release form.

●

Never apply fertilizer to frozen ground or on snow.

●

Use extreme caution when applying fertilizers near water. Never allow any fertilizer to enter surface water or wetlands.

●

Always sweep up any fertilizer that is on hard surfaces and reapply to the grass. Never wash it off.

●

Apply commercial fertilizers just before moderate rain or irrigate immediately after application.

Watering
●

●

●

●

Bluegrass lawns generally do not require watering. They will become dormant during the dry part of the summer, but will
revive when it rains.
If quality growth is desired throughout the season, bluegrass lawns will require additional water during dry summer months.
Water deeply, but infrequently. Sandy soils require 1 or 2 inches of water per week. Clay soils require 1 inch of water per
week.
Water in the early morning to prevent water loss due to evaporation and to minimize the potential for disease.

Mowing
●

●

Mow regularly and leave the clippings on the grass. By leaving the clippings on the lawn, nutrients are naturally recycled to
the grass plants.
Never allow grass clippings to enter the water. Clippings and other organic material contain nutrients that may contaminate
the water.
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With proper management, dense turf provides a good ground cover to prevent soil erosion.

BMPs for Gardens
Flower and vegetable gardens can add to the quality of life for shoreland owners. Certain precautions must be taken to prevent the
possibility of surface water contamination.

LOCATION
●

●

●

Gardens should not be located on slopes because they can promote accelerated soil erosion and runoff. An alternative on
slopes is to install a terraced garden. Dense turf or other vegetation should be established on slopes.
Gardens should not be located on septic system drainfields or mounds. Exposed soil increases the possibility of septic
systems freezing. Drainfields and mounds should be covered with dense turf.
To minimize the area of exposed soil, use intensive growing techniques such as inter-cropping, succession planting, and
raised beds.

SOIL FERTILITY MANAGEMENT
Excessive application of fertilizers has the potential for ground and surface water contamination. This can be avoided by the following
practices:
●

●

●

Test the soil to determine nutrient needs; apply only the recommended amounts of nutrient; soil test bags and forms are
available at the county offices of the University of Minnesota Extension Service.
Make split applications of the total amount of nutrient required; this would include "side-dressing" nitrogen-loving crops,
such as sweet corn, vine crops, and the cabbage family.
Use organic fertilizers if available and practical; these include well-rotted manures and compost.

PEST MANAGEMENT
●

Use pesticides only if necessary and if there are no other options for pest control. See section on "Preventing Potential
Problems from Pesticides," p. 2. Always read the pesticide label and pay careful attention to warnings on the potential
for surface water contamination.

VEGETABLE WASTES
●

Vegetable wastes, such as corn husks, pea pods, or other plant material, should never be deposited in the water. Compost
these materials instead and apply to garden soil.

Yard Waste Disposal
Yard waste, including leaves, grass clippings, fruit and vegetable wastes, and woody materials, should never be allowed to enter the
water. These materials contain phosphorus and may contribute to degradation of surface water quality.
Collect and compost yard waste. Compost provides an excellent material for amending flower and vegetable gardens. Information on
composting is available from your county office of the University of Minnesota Extension Service or the County Solid Waste office.

For More Information...
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call
county offices:
●

University of Minnesota Extension Service

●

Soil and Water Conservation District (SWCD)

●

Planning and Zoning Department

regional offices of MN State agencies
●

MN Department of Natural Resources (DNR)

●

MN Pollution Control Agency (PCA)

●

Western Lake Superior Sanitary District

read
Backyard Composting. FS-3899, University of Minnesota Extension Service
Composting and Mulching: A Guide to Managing Organic Yard Wastes. FO-3296, University of Minnesota Extension Service
The Home Lawn. MI-0488, University of Minnesota Extension Service
Lawn Care Practices to Reduce the Need for Fertilizers. FO-5890, University of Minnesota Extension Service
Soil Sample Bags and Information Sheets. University of Minnesota Extension Service, County Offices
Turfgrass Management for Protecting Surface Water Quality. BU-5726, University of Minnesota Extension Service

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard

18. Conserving Water
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19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
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Managing Your Shoreland Woodlot
Shoreland Best Management Practices
Number 10 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Forests and Water Quality
Clean water is one of Minnesota's greatest natural resources. Many of our water resources, such as lakes, rivers, and streams, originate
in forested areas. Woodlands assist nature in maintaining water quality by keeping soil in place, storing nutrients, and balancing water
flows. They also help moderate stream water temperatures to support healthy fish populations.

Managing Woodlots Can Affect Water Quality
Whether your woodlot is five acres or 100 acres, managing it can require road building, timber harvesting, and mechanical site
preparation. Any of these activities can adversely affect the quality of adjacent waters if not properly planned or conducted.
The biggest concern for managing woodlots adjacent to lakes, streams, or wetlands is the erosion and deposition of soil. The amount
of soil erosion and sedimentation will depend on soil type, steepness of slopes, rainfall, and the amount of soil that has been disturbed
or exposed by management activities.
This fact sheet is directed at the shoreland owner with five or more acres of forest land adjacent to a lake or stream. For more
information refer to Protecting Water Quality and Wetlands in Forest Management--Best Management Practices in Minnesota (listed
on back page). For information on caring for trees and shrubs on less than five acres, see fact sheet #11.
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The goal of these BMPs is to
minimize soil disturbance.

Filter Strips Are Necessary
A filter strip is a zone of vegetation adjacent to a water body where management activities are kept to a minimum so that less than 5%
soil is exposed. A filter strip should be established in the area between the shoreline (the ordinary high water level) and the area to be
managed (Figure 1). Management is permitted in the filter strip if it does not result in soil disturbance. Minimizing the exposure of soil
and maintaining the residual vegetation will help trap sediment and provide a zone of infiltration before runoff reaches surface water
bodies.
The width of the filter strip will vary depending on steepness (percent slope), length of the slope, and soil type. Recommendations for
filter strip widths for woodlot management are given in Table 1. (Percent slope is defined in Figure 2.)
In general, the steeper the slope, the wider the filter strip should be. For more erodible soil, the filter strip should be wider.
Figure 1: Areas where filter strips are needed.

Figure 2: A 10% slope is represented by leaning a board against the wall with the top at 1 foot and the base set 10 feet away from the
wall.

Table 1: Filter strip width guide for woodlot management.
Slope of land
between management activity and
water body (percent)
0 - 10
11 - 20
21 - 40
41 - 70

Recommended width of
filter strip (slope distance
in feet)*
50
51 - 70
71 - 110
111 - 150
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*Distance is measured to the edge of soil disturbance, or
in the case of fills, from the bottom of the fill slope.

Have a Management Plan
A landowner should develop a management plan before beginning any forest management activities. This plan should make clean
water a priority while meeting the landowner's objectives. An important part of the management plan is a map of the area (Figure 3)
that shows all lakes, streams (including all seasonal streams), springs, wetlands, and other sensitive areas. The map should also include
existing roads and trails, forest types, soil types, and slopes. Eventually the map will be used to delineate new roads, harvest areas,
filter strips, and other protected areas.
A landowner may obtain advice and assistance in preparing a management plan from the regional Department of Natural Resources
(DNR) Division of Forestry, local Soil and Water Conservation Districts (SWCD), or local forest industries. Individuals can also
contract with a private consulting forester. Cost-sharing programs may be available to assist woodlot owners with some management
activities. Resources that are useful in preparing a management plan include soil surveys, soil maps, topographic maps, and aerial
photos, as well as a thorough on-site examination of the area.
Figure 3: Map of management area showing roads, harvest areas, filter strips, landings, water bodies, and no-harvest areas.

BMPs for Forest Roads
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Erosion that occurs during forest road construction has the greatest potential to degrade lakes, streams, and wetlands. An important
first step is to determine how the roads will be used now and in the future. To minimize road construction, roads should be built to the
maximum standards needed to meet expected uses:
●

●

Design roads in locations with lowest slope.
Use barriers, such as silt fencing and hay bales, where siltation and erosion may occur (see fact sheet #8). Mulch and seed
exposed soils.

●

Where the road must cross a stream, contact the DNR Division of Waters to determine if a protected water permit is needed.

●

Minimize the number of times a road crosses open water or wetlands.

●

Low water crossings (driving through open water) are not recommended.

●

●

●

●

Water crossings using a culvert or bridge should cross a stream at a 90 ° angle to the stream bed in areas where the stream
edge is stable.
Use properly sized culverts or bridges where necessary. Remove any temporary culverts or bridges after the road is
abandoned.
Design roads for maximum cross drainage using water diversion structures (e.g., water bars) to minimize downroad flow.
Refer to Protecting Water Quality and Wetlands in Forest Management -- Best Management Practices in Minnesota for
additional information.
Close all temporary roads after use to prevent unwanted use by off-road vehicles that could be detrimental to the site.

BMPs for Upland Timber Harvesting
Timber harvesting is an integral part of woodlot management that involves cutting trees and removing them from the site. Harvesting
temporarily disturbs the environment in the immediate area and should therefore follow a plan that incorporates water quality
protection in all operations:
●

●

Time the harvest to be compatible with soils, topography, and weather conditions. Soil disturbance is generally greatest under
wet conditions and least under frozen conditions.
Locate landings (areas where harvested trees are brought for processing) away from low, poorly drained areas and outside of
filter strips.

●

Never deposit harvesting slash (tree tops, branches) or debris into wetland areas.

●

Follow road construction BMPs when designing and laying out skid trails.

●

Prevent erosion and sedimentation along roads by filling in ruts, seeding disturbed areas, and installing water diversion
structures and erosion barriers.

BMPs for Mechanical Site Preparation
The purpose of mechanical site preparation is to enhance conditions for the establishment, survival, and growth of desired tree species.
Mechanical site preparation involves clearing the site for planting, seeding or natural regeneration, and providing partial control of
other vegetation competing with crop trees. Site preparation is usually done by a contractor with specialized equipment.
●

Avoid operation during periods of saturated soil conditions when such operations may cause rutting or accelerate soil erosion.
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●

Avoid disposing of residues from shearing and raking operations in wetland areas. Deposit residues in stable upland
locations.

●

Be sure that slash piles do not interfere with natural drainage patterns.

●

Consider shearing and raking under frozen conditions to minimize incorporation of soil into slash piles.

●

Follow land contours to promote soil stability.

●

Use patch or row scarification (clearing) where terrain or soil type calls for minimum soil disturbance.

Regulations that Apply
Permits are required for work in protected waters and wetlands. To determine whether a permit is required for a particular water body,
contact the DNR Division of Waters area office. In some instances, further review is required by the U.S. Army Corps of Engineers or
local authorities. Also, the Minnesota Wetland Conservation Act of 1991 prohibits the draining and filling of certain wetlands. Contact
your local SWCD office for more information on management activities allowed in wetlands.

For More Information...
call
county offices:
●

Soil and Water Conservation District (SWCD)

●

University of Minnesota Extension Service

regional offices of MN State agencies
●

MN Department of Natural Resources (DNR), Divisions of Forestry and Waters

●

MN Board of Water and Soil Resources (MWSR)

●

local forest industries, private forest management assistant programs

other:

read
Protecting Water Quality and Wetlands in Forest Management--Best Management Practices in Minnesota. MN Department of
Natural Resources, Forestry Division and the MN Pollution Control Agency. 140 p.
Water Resources and Timber Harvesting in the Lake States. Lake States Forestry Alliance, E-1311 First National Bank Bldg., St.
Paul, MN 55101.

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
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9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
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Valuing Your Shoreland Trees
Shoreland Best Management Practices
Number 11 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Why Are Shoreland Trees Important?
Trees and shrubs are an excellent inexpensive and attractive way to control runoff and erosion. Roots hold soil and help stabilize
slopes by trapping and using precipitation that would otherwise run off. They also increase soil porosity, allowing water to infiltrate
rather than run off. Vegetation helps protect water quality by filtering out nutrients and pesticides that could otherwise reach a lake or
stream and cause algal blooms or excessive plant growth. Trees and shrubs also improve air quality by taking in carbon dioxide and
giving off oxygen.
In addition, trees provide shade and help moderate weather extremes such as hot sun or strong winds. Trees and shrubs offer habitat
for wildlife and privacy for humans by screening adjacent property.
This fact sheet offers guidelines to shoreland property owners who are growing a limited number of trees and shrubs on their
recreational property, rather than those who are managing larger forest areas. Fact sheet #10 offers more information for managing
shoreland woodlots.

Why Retain Existing Trees and Shrubs?
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Natural vegetation is best because it is adapted to the local climate and usually has strong, well-established root systems that provide
better erosion control, water-cleaning capacity, and stability for plants. Existing trees and shrubs also offer more typical habitat for
wildlife and are more resistant to pests and disease.
Planning your property development in advance to save existing vegetation is very important. If native trees and shrubs were removed
in the past, planting and nurturing replacements will help increase your property value and enjoyment while helping to protect water
quality.

Establishing Filter Strips
Filter strips are vegetated areas of land adjacent to shorelines that help minimize runoff to a lake or stream. The most effective filter
strips include a variety of low plants, shrubs, and trees, preferably native or existing vegetation.
Research on agricultural land adjacent to water bodies has indicated that all nitrate was removed from ground water flowing under 90
feet of woods, and 80% of phosphorus and nitrate was removed from surface runoff. Thus, filter strips are a wise investment to protect
your lake or stream, even on property that is not used for intensive agriculture.
In Minnesota, filter strips of 50-150 feet are recommended for most effective water quality protection. For new development, the
required width for filter strips depends on how a lake or river is classified. Contact your local zoning official for information on
classifications. Re-establishing vegetative strips along the shore on property that has been developed is recommended because a filter
strip of even a few feet will help minimize runoff and provide some water quality protection.

BMPs for Existing Trees
●

Protect bark, limbs, and roots during construction; tie planks around trees to protect them from equipment; do not drive or
park equipment over the root area.

●

Safeguard roots because they are the most important part of a tree; avoid filling, compacting, or removing soil from the root
area; root area is at least as large as the area under the crown of a tree.

●

Trim dead and dying limbs and remove diseased growth, but never trim oaks between April 15 and July 1 because of risk of
oak wilt; properly dispose of diseased limbs and bark to avoid providing an opportunity for the disease to spread.

●

Scout for pests and diseases; treat early to avoid widespread damage.

●

Water during times of low rainfall; trees should receive 1 inch of water per week

●

When trees are too crowded, remove some to allow more light and water to reach other remaining stems.

●

Contact your local zoning office for restrictions related to thinning trees in the shoreland area.

Establishing New Trees
●

Use native species when available because they are hardier, more resistant to disease and pests, and provide natural habitat
for wildlife.

●

Include a variety of trees and shrubs; emphasize diversity of species, heights, and ages.

●

Plant in the spring or fall.

●

When planting, dig a hole 1 to 2 feet wider than the root system and backfill with original soil; water root area thoroughly,
add a 3- to 6-inch layer of mulch, and stake only if necessary (see Figure 1).
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●

Nurture new vegetation (simply planting a tree is not enough to ensure it will survive); water regularly and deeply; avoid
short, frequent watering because it promotes shallow root systems; fertilize and prune as necessary; provide winter
protection.

Figure 1: When planting a tree, dig a hole 1-2 feet wider than the roots, water well, and add 3-6 inches of mulch. For more specific
instructions, refer to Planting and Transplanting Trees and Shrubs bulletin.

Suggested Species for Northeastern Minnesota
HARDWOODS
red maple (Acer rubrum) - Needs full sun, well-drained soil with ample moisture; intolerant of poorly aerated soils, high pH, and hot,
dry site conditions; gray squirrels eat the buds and seeds in late winter/early spring.
silver maple (Acer saccharinum) - Fast-growing, large size; needs full sun; tolerates a wide range of soil types but prefers deep moist
soil; large vigorous root systems; seeds prolifically.
sugar maple (Acer saccharum) - Needs fertile, well-drained soil with ample moisture; full sun or partial shade; grows poorly in
compacted soils.
paper birch (Betula papyrifera) - Prefers well-drained soil and cool, moist conditions; full sun; needs irrigation and fertilization to
stay vigorous; intolerant of compacted soil, dry conditions, and high temperature.
river birch (Betula nigra) - Needs fertile, slightly acidic soil; transplant in spring only; susceptible to birch leaf miner (skeletonizes
leaves).
black ash (Fraxinus nigra) - Needs full sun and ample soil moisture; tolerates poorly drained areas.
green ash (Fraxinus pennsylvanica) - Needs full sun, but well adapted to a variety of soil types; easily established; pruning may be
needed to improve form.
swamp white oak (Quercus bicolor) - Tolerant of heavy soils with poor drainage; likes acidic soils; drought tolerant; specify swamp
white oak if purchasing, because white oak does not do well in northeastern Minnesota.
northern pin oak(Quercus ellipsoidalis) - Prefers sandy soil and full sun; drought tolerant.
burr oak (Quercus macrocarpa) - Large tree tolerant of a wide range of soil conditions; likes full sun.
northern red oak (Quercus rubra) - Tolerant of a wide range of site and soil conditions but needs well-drained soil; faster growing
oak; do not prune April through July.
laurel leaf willow (Salix amygdaloides) (also known as peach leaf willow) - Tolerant of a wide range of sites, even poorly drained
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areas.

black willow (Salix nigra) - Likes moist site, otherwise not demanding of site conditions; needs frequent pruning.
weeping willow (Salix babylonica) - An introduced species that does well in northern Minnesota.
linden (American basswood) (Tilia americana) - Tolerant of a wide range of soils but prefers well-drained soil with ample moisture;
will grow on clay soils.

CONIFERS
balsam fir (Abies balsamea) - Needs rich, well-drained soil with adequate moisture; intolerant of hot, dry conditions.
larch/tamarack (Larix laricina) - Performs well on a variety of sites; tolerant of poorly drained soils and dry sites; loses its foliage
each year.
white spruce (Picea glauca) - Tolerates a wide range of soil conditions but prefers moist, well-drained soil; likes full sun.
black spruce (Picea mariana) - Tolerates a wide range of soil conditions, including wet areas.
Norway nine (Pinus resinosa) - Needs full sun; tolerates dry, sandy acidic soils; intolerant of compacted or poorly drained soils.
eastern white pine (Pinus strobus) - Fast-growing species, grows well on heavy or sandy acidic soil; must be managed to prevent loss
to white pine blister rust which is especially prevalent in shoreland areas; a favorite of deer and red squirrels.
northern white cedar (Thuja occidentalis) - Suitable for shorelines and low wet areas; very shade tolerant; a favorite of deer and
rabbits.

SHRUBS
alder (Alnus sp.) - Likes moist, cool soil; full sun or partial shade; good for wet soil sites.
serviceberry (juneberry) (Amelanchier sp.) - Needs well-drained soil; full sun or moderate shade.
gray dogwood (Cornus racemosa) - Tolerant of a wide range of soil moisture and fertility conditions; full sun or partial shade.
red-osier dogwood (Cornus stolonifera) - Tolerant of a variety of soil types, but does not like hot, droughty conditions; full sun or
light shade.
american hazel (Corylus americana) - Needs moist fertile soil; full sun or partial shade; intolerant of dry areas; squirrels and bears
use the nuts.
winterberry (Ilex verticillata) - Needs moist, acidic soil; prefers full sun; grows well in wet soil near ponds or streams.
chokecherry (Prunus virginiana) - Prefers well-drained soil with ample moisture.
sumac (Rhus typhina) - Tolerates poor, dry soils; prefers full sun.
willow (Salix sp.) - Various varieties; smaller types good for stabilizing banks; pussy willows like moist soils and tolerate wet areas;
prefers full sun.
viburnum (Cranberry) (Viburnum sp.) - Likes rich soils with ample moisture; sun or shade.

BMPs for Maintaining Shoreland Vegetation
Adding a filter strip will help preserve water quality, and there are other BMPs to follow as you care for near-shore vegetation. Follow
these guidelines to help protect your lake or stream:
●

Rake dead leaves and brush away from the water; compost vegetation in a sturdy structure away from the shoreline.
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●

●

●

●

Never dump leaves or vegetative debris into a lake or stream because this releases nutrients and organic acids into the water.
Avoid burning on the beach or near shore because the remaining ash is highly alkaline and may change the pH of the lake
and promote growth of undesirable plants.
Use lake water for irrigating trees, shrubs, and lawns; lake water usually can supply the nutrients your near-shore vegetation
needs to promote healthy growth.
When treating diseases or insect pests, use chemicals responsibly and use only the required amount.

Encouraging Wildlife
Planting certain trees and shrubs will attract wildlife to your property and enhance your enjoyment. Keep in mind the need for shelter
and habitat as well as food. Offer a diversity of plants with flowers, fruits, nuts, or cones and include deciduous as well as evergreen
species. For more information, contact the MN Department of Natural Resources (DNR) Area Wildlife Manager or your county office
of the University of Minnesota Extension Service.

Regulations that Apply
Filter strips are required on all new shoreland property development. The width depends on slope and lake or river classification, but
the minimum requirement is 38 feet. Some local zoning ordinances may be more restrictive than the minimum state regulations, so
check with your local zoning office for requirements in your area.

For More Information...
call
county offices:
●

University of Minnesota Extension Service

●

Soil and Water Conservation District (SWCD)

regional offices of MN State agencies:
●

MN Department of Natural Resources, Division of Fish and Widlife (DNR)

●

MN Board of Water and Soil Resources (BWSR)

federal agencies:
●

U.S. Forest Service (USFS)

read
Minnesota Tree Handbook. Minnesota Association of Soil and Water Conservation Districts Forestry Committee. ISBN
0-934860-45-9
The Right Tree Handbook.University of Minnesota, Northern States Power Company, and Minnesota Power.
Fitting Trees and Shrubs Into the Landscape. Bulletin FO-0604. Available at your county offices of the University of Minnesota
Extension Service.
Planting and Transplanting Trees and Shrubs. Bulletin FO-3825. Available at your county offices of the University of Minnesota
Extension Service.
Tree Owner's Manual. Minnesota Department of Agriculture bulletin.
Landscaping for Wildlife. Carol Henderson, Minnesota DNR Nongame Wildlife Program.

Part of a series. . .
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This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
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Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
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Preserving Wetlands
Shoreland Best Management Practices
Number 12 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Wetland Values
Why are we even concerned about wetlands? Wetlands have many values, some very evident, others less discernable. Many creatures,
such as amphibians and migratory birds, depend on wetland fringes that border lakes and streams for nesting and food.
A not-so-obvious benefit of wetlands is flood control. Flood damage in Minnesota is estimated to be at $130,000,000 per year!
Wetlands hold storm water and release it gradually, reducing flood damage and improving water quality by filtering nutrients and
some pollutants. Other values of wetlands include aesthetic benefits and ground water recharge and discharge.

What Is a Wetland?
The term wetland is used to describe a wide variety of wet environments found in Minnesota. A wetland can range from a slight
depression that holds water only after spring runoff to a forested swamp with saturated peat soils.
Most people probably would describe a wetland as a small body of open water with cattails on the fringe. Lakes and streams are
generally not wetlands, but may be bordered by wetlands. How then do we know what is and what is not a wetland?
Since there are many laws today protecting wetlands, it is important to identify wetlands and define their boundaries. There are some

clues that are helpful in determining wetland or non-wetland areas.
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Water usually determines soil color and influences the vegetation found on a site. Therefore, vegetation, soils, and hydrologic (water)
factors must all be present in legal identification of a wetland. In undisturbed sites, vegetation is the most easily identifiable criterion
and can be useful in wetland observations. Soils and hydrologic factors are more complex and are only briefly described in this fact
sheet.

Wetland Vegetation
Wetland areas are usually dominated by vegetation that competes well or survives in wet conditions. In fact, some plants are almost
always found in wetlands! These "obligate" wetland plants are good indicators of the existence of a wetland.
If you see the following obligate wetland plants, you are looking at a wetland:
●

bog rosemary

●

swamp milkweed

●

bog birch

●

sundew

●

cotton-grass

●

sand bar willow

●

black willow

●

skunk-cabbage

●

labrador tea

●

sphagnum moss

●

bulrush

●

wild rice

●

cattail

The following plants are usually found in wet areas and are fairly good indicators of the presence of a wetland. If any of these are
found in the area of interest, further investigation should be done to determine the presence of a wetland:
●

red-osier dogwood

●

black spruce

●

larch (tamarack)

●

speckled alder

●

northern white cedar

●

black ash

Wetland Soils
Soil development is also affected by water. In Minnesota, two major soil types develop in wet conditions. One is organic soils, or peat.
The second is mineral soils that do not drain well because of low land, ground water seepage, or a slowly permeable soil layer (e.g.,
clay, bedrock, or hardpan). These are both called hydric soils.
Organic soils develop in depressions and consist of plant remains that do not decompose because soil is saturated. Organic soils can
range in thickness from 2 to 30 feet. Plant parts are often still discernable in many organic (peat) soils.
Mineral soils that are saturated much of the time become dull-colored or gleyed. Gleyed soils are neutral gray and occasionally
greenish or bluish gray.
Mineral soils saturated for short periods develop spots or blotches of different colors. These spots are called mottles and can be an
indication of hydric or wetland soils.

Wetland Hydrology
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Hydrology is the third criterion used in describing a wetland. Hydrology refers to the presence or flow of water through the site. Some
wetlands are relatively dry during drier times of the year (i.e., late summer). Often, aerial photographs, personal interviews with
neighbors, and visual evidence are used to determine wetland hydrology.

Wetland Delineation
Wetland areas are identified on site using vegetation, soils, and hydrology. The hardest part of defining a wetland is locating the
boundary between the wetland and upland. This is called wetland delineation. When any of the above three criteria are no longer
present, legally, you are out of a wetland and into the upland area.

Wetland Regulation
Due to the loss of many wetlands, the Federal government and Minnesota have established regulations to protect remaining wetlands.
Some local governments also regulate wetlands. Since wetlands themselves are so very complex, it follows that the laws protecting
them are also complex.
The Minnesota Legislature passed the Wetland Conservation Act (WCA) in 1991. The goals of the WCA are to protect wetlands (no
net loss) and make the process of wetland regulation more equitable. Responsibility for administering WCA lies with local
governmental units (LGU) throughout Minnesota.
If you think you have a wetland, the best plan is to avoid impacting it. If you must consider a drain or fill activity near the wetland,
follow these steps:
1. Clearly outline the proposed project by drawing a sketch or writing a narrative.
2. Contact your local zoning office or Soil and Water Conservation District (SWCD) for information on required permits.
3. While at the zoning office or SWCD, request a Local-State-Federal Water Resource Project Notification Application Form.
Complete this form by describing your proposed activity.
4. Send copies of the form to these agencies: municipal government or county; MN Department of Natural Resources (DNR)
Division of Waters area office; U.S. Army Corps of Engineers; SWCD; and Watershed District, if one exists in your area.
These agencies should advise you of their jurisdiction or permit requirements within 45 days.
If it is determined by the regulators that you are impacting a wetland, you will need further permits. In Minnesota, permits are
provided by these regulating agencies:
●

●

●

●

●

Small wetlands may be regulated by the U.S. Army Corps of Engineers, regarding drainage or the placement of fill; although
the Corps may give you an exemption from its regulations to place fill in a wetland, WCA may require replacement.
Wetlands listed on the Minnesota Protected Waters Inventory are regulated by the DNR; a permit is required for any
alteration.
Wetland impacts may need a water quality permit from the MN Pollution Control Agency (PCA); if a PCA permit is deemed
necessary, your application will be automatically forwarded to them.
LGUs may also have water quality ordinances regulating wetlands.
All wetlands are covered by regulation through WCA; by law, WCA delegates implementation to LGUs such as cities and
counties; under WCA, if you impact a wetland, it may need to be replaced elsewhere unless it is granted an exemption.

Wetland Replacement
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If avoidance is not possible, replacement of an impacted wetland area or paying into a "wetland bank" are two alternatives. Both
replacement and banking programs are coordinated with your LGU.
Replacing an impacted wetland area with a wetland elsewhere on the landscape is ordinarily accomplished by restoring a wetland that
was previously drained. Plugging an existing tile or building a dike is usually required to restore a wetland. Created wetlands are also
generally acceptable for wetland replacement. Created wetlands can be achieved by shaping abandoned gravel pits or excavating
upland areas.
Wetland banking allows someone proposing a project to buy credits from a "bank" of wetlands that have been restored or created
elsewhere. The bank of wetlands must first be established so that credit will be available for withdrawal. Payment for wetland bank
credit acres will depend on many factors, including the cost of land in your area and the cost of creating or restoring wetlands.

BMPs for Wetlands
Avoid, minimize, and replace are the watchwords for wetland protection. Avoid wetlands whenever possible. If you must disturb a
wetland area, minimize disruption of the soil, vegetation, and hydrology. A final alternative when a wetland is lost is mitigation by
replacing it elsewhere.
Even very small wetland areas can help protect water quality. Following simple practices such as these on your property can help
maintain the integrity and effectiveness of wetlands:
●

Use docks or boardwalks to cross a wetland rather than filling.

●

Lay out access paths along high ground, even if it means a longer walk to the shore.

●

Preserve existing drainageways and never divert water to or from wetland areas.

Costs
If you cannot avoid altering a wetland on your property, there will be some financial cost. Costs will be incurred for acquiring permits
to work in the wetland; there will also be mitigation costs for restoring wetlands:
●

●

●

●

●

DNR permits for working on protected wetlands or streams depend on the size and scope of the project. Fees are
charged.
U.S. Army Corps of Engineers has permit fees for individuals and for commercial applications. These fees relate to
nationwide permits. Larger projects may require individual permits with increased costs.
LGUs may have fees in addition to building permits. Fees may be charged for inspecting erosion control near streams or for
wetland replacement.
The landowner may be responsible for delineating the wetland boundary by paying the LGU or by using a consultant.
Costs for replacing a wetland will vary greatly across Minnesota. Costs may range from $4,000 to $50,000 per acre to buy
credits in the wetland bank depending on land acquisition, earthwork, and seeding costs.

Example Project
Let's say you want to build a new garage and driveway. If you think your property includes a wetland that may be affected by the
project, your first step is to ask your LGU to check it out. If it determines that the area is in fact a wetland, you should consider
altering your plans so the project doesn't impact the wetland. If there is no alternative, you will need to minimize impact and possibly
provide wetland replacement.
After acquiring a building permit for the garage from your LGU, complete a project notification form describing the proposed project.
The U.S. Army Corps of Engineers may determine that the fill area is small enough to be exempt from their program.
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However, WCA regulations will apply. If your driveway is 50 feet long by 15 feet wide, you will impact 750 square feet. The garage
fill will require 20 feet by 18 feet or 360 square feet. Total wetland impact is 1,110 square feet. Your LGU will review and approve or
reject your proposed wetland replacement plan.
In this example, you would be required to replace the lost wetland. If replacement elsewhere on your property is impossible, there
would be an assessed cost per square foot of filling. That money would be paid into a wetland bank and might range from a couple
hundred dollars to $1,000 in this example.
Avoiding wetlands altogether is preferable, considering the potential costs of working near a wetland. But if you must impact a
wetland, use protective practices described in the other Shoreland BMP fact sheets.

For More Information...
call
county offices:
●

Planning and Zoning Department

●

Soil and Water Conservation District (SWCD)

regional offices of MN State agencies:
●

MN Department of Natural Resources (DNR)

●

MN Board of Water and Soil Resources (BWSR)

federal agencies:
●

U.S. Army Corps of Engineers (USACoE)

read
Water Permits in Minnesota: What You Need to Know About Federal, State, and Local Permit Requirements. Brochure
available at above-mentioned offices.
Minnesota Wetland Conservation Act. Rules available from MN Board of Water Soil Resources, One West Water Street, St. Paul,
MN 55107. (612) 297-3767.
Wetland Types and Definitions. Brochure available from the MN Department of Natural Resources, Division of Waters, 500
Lafayette Road, St. Paul, MN 55155-4001. (612) 296-4800.

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands

13. Managing Crops and Animals Near Shorelands
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14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
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Managing Crops and Animals Near
Shorelands
Shoreland Best Management Practices
Number 13 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Crops and Animals Affect Water Quality
Rainfall and snow melt running off farmland or seeping into the ground can carry pollution into lakes and streams. Pollution carried
by runoff is called nonpoint source pollution. In the past, nonpoint pollution from one farm or field has been easy to ignore as
insignificant, but it cannot be ignored any longer because the sum of the thousands of nonpoint pollution sources is the main cause of
today's water quality problems. Raising crops and animals can contribute to nonpoint pollution if runoff is not properly treated.

Nonpoint Pollution in NE Minnesota
Northeastern Minnesota is blessed with an abundance of clean water. Our lakes and streams are important to tourism, recreation, and
the residents who live or vacation in our area.
Nonpoint source pollution from crops and animals in northern Minnesota results from operations ranging from dairy and beef farms to
sled dog kennels and hobbyhorse farms. These operations have the potential to send nutrients and organic matter into surface water.
Pasturing animals along streambanks can also cause erosion that adds sediment to lakes and streams. Sheet and rill erosion strip away
topsoil from steep fields that are farmed in continuous row crops. The topsoil that ends up in lakes and streams often carries nutrients
and pesticides along with it.

Major Agricultural Pollutants
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The major nonpoint source pollutants are sediment, nutrients, pesticides, bacteria, and oxygen-demanding substances.
sediment--Eroded soil particles from fields, ditches, and streambanks make water turbid, damaging fish and plant habitat and reducing
water's aesthetic appeal; sediment may carry nutrients and heavy metals with it.
nutrients--Fertilizer or animal waste in runoff water delivers nutrients such as phosphorus and nitrogen to lakes and streams, causing
excessive algae and weed growth; high nitrate concentrations in drinking water can present a health threat for infants.
pesticides--Agricultural chemicals such as insecticides or herbicides can wash off crops and fields into lakes and streams where they
can be toxic to fish and other aquatic life; some pesticides pose a threat to human health if they reach drinking water supplies.
bacteria--Runoff or seepage from feedlots and failing septic systems can carry coliform bacteria into surface and ground water,
presenting health risks for drinking or body contact.
oxygen-demanding substances -- Manure, sewage, crop residue, and other decaying organic matter use up oxygen needed by fish.

BMPs to Prevent Nonpoint Source Pollution
Figure 1 illustrates several BMPs designed to minimize the impact of agriculture on nearby lakes and streams.
Figure 1: Several BMPs work together to control agricultural runoff.

(1) CROPPED LAND EROSION CONTROL
Careful management of your tillage practice can lead to a more profitable farm operation, reduce erosion, and improve water quality.
These management choices added to your tillage options can enhance your operation. Some tillage options to consider are:
●

mulch tillage

●

no-till and ridge-till systems

●

contouring and grass field borders

●

strip cropping
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Many operations still use the moldboard plow in a conventional tillage system. Fall plowing heavy soils is the best option, but the
ground should be left rough and cloddy. Winter conditions can help improve your soil structure by reducing the clump size. Leaving a
rough surface also helps cut down surface erosion. Never disc a fall plowing unless it is early enough to establish a fall cover crop.
Discing or making seedbeds in the fall will create the opportunity for significant soil and nutrient loss. Spring plowing is your best
option in lighter soils and can reduce overall soil erosion.
Some basic BMP practices such as soil management, crop rotation, nutrient management, and seeding fragile and drainage areas with
grass for sediment control can greatly increase the profitability of your long-term farming operations. At the same time, negative
impacts to water quality will be lessened.

(2) DIVERSIONS AND ROOF GUTTERS
A diversion is a permanently vegetated ridge constructed at the base of a slope to safely divert the runoff. Gutters simply redirect
significant amounts of water away from building foundations or, in this case, an animal barnyard.

(3) & (4) MANURE CATCHMENT
This structure allows for the buildup of manure and channels liquid manure to a single outlet. Liquid manure can be either stored and
used to fertilize fields or ÒtreatedÓ by a grass filter strip. Solid manure within the catchment can be removed during the growing
season and applied to the field, adding organic matter and nutrients. There are many designs and methods of storage for managing
both solids and liquids.

(5) GRASS FILTER STRIP
This is permanent grass sod that filters potentially harmful nutrients from the manure catchment area. In the growing months, excess
nutrients can be utilized by the grasses. This method is enhanced by the addition of a buffer strip between the grass filter strip and the
stream.

(6) BUFFER STRIPS
Along lakes and streams, removal of excess nutrients can be enhanced by the use of buffer strips. These consist of natural or planted
woody vegetation along the edge of the stream or lake. In this case, red pine and spruce trees were planted. The buffer strip acts to:
●

stabilize soil

●

trap nutrients by filtering runoff

●

shade and cool the water to improve aquatic habitat

The wider the buffer strip, the greater its effectiveness. Planting high value tree species could increase your farm's future value.

(7) STREAM CROSSING
The least expensive method is to make a low-flow gravel crossing allowing livestock access to pasture on the other side of the stream.
Fencing can be installed on either side of the crossing as gates to prevent them from walking along the stream.
Culverts and bridges are more costly but might be necessary in sensitive areas. These also can be built to allow machinery to cross.
Fencing animals out of lakes or streams will prevent water pollution. Watering your animals can be done with electric pumps,
solar-powered pumps, mechanical nose-pumps, and stock watering ponds. Permits may be needed for work done along streams or
lakeshores.

(8) PASTURING LIVESTOCK
Intensive rotational grazing provides better forage for your animals while improving sod and soil coverage between grazing cycles and
can reduce overall erosion. Fencing animals from sensitive areas is also important.

(9) UNUSABLE LAND CONVERSION
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Highly erodable and marginal fields can be converted to various uses depending on your objectives. Changing marginal cropland or
pastures can provide long-term benefits both financially and environmentally. Some conversion possibilities are:
●

intercropping trees and pasture

●

planting nut trees or high quality timber

●

planting Christmas trees

●

using native and imported species for wildlife habitat

(10) FUEL, FERTILIZER, & PESTICIDE STORAGE
A small amount of fuel oil, gasoline, diesel, fertilizer, or other chemicals can contaminate a large volume of water. Here are som
suggestions:
Fuel Oil, Gasoline, and Diesel
●

Locate tanks away from other buildings and water.

●

Dike the area around above-ground tanks to contain spills.

●

Follow maintenance, safety, and disposal precautions.

Fertilizer and Other Chemicals
●

Store only small amounts for short periods.

●

Clearly mark containers and check their condition.

●

Cover and store on a sealed surface to contain any spills.

●

Properly dispose of outdated unused chemicals; contact your county solid waste officer who may accept unused chemicals
free of charge.

(11) SILAGE/HAYLAGE
Improperly contained silage can contaminate ground and surface water. Using basic BMPs minimizes risk from these operations:
●

Store silage away from any water source.

●

Provide impermeable surface soil around the storage.

●

Install a seepage collection system.

●

Divert clean water away from area.

●

Adequately cover silage.

Regulations That Apply
Owners of feedlots with more than ten animal units are required to have a feedlot permit available from the MN Pollution Control
Agency (PCA). Check with local zoning authorities for assistance.

Program Assistance for Agricultural BMPs
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Programs are available to help individuals cover up to 75% of the cost of applying BMPs. Many animal owners have used this
assistance to apply systems such as the ones shown in Figure 1. They find these practices save time and money. Valuable organic
fertilizer is stored for use on fields rather than flowing downstream.
The Soil and Water Conservation Districts (SWCD), the MN Board of Water and Soil Resources (BWSR), the University of
Minnesota Extension Service, and the U.S. Department of Agriculture (USDA) agencies of the Natural Resources Conservation
Service (NRCS) and the Farm Services Administration (FSA) all offer programs to help people plan and adopt BMPs. Through the
SWCD, state and federal cost-share programs are available to help people apply these practices. Planning and design assistance is
offered at no cost and up to 75% of the installation cost can be covered by cost-share dollars.

For More Information...
call
county offices:
●

Soil and Water Conservation District (SWCD)

●

University of Minnesota Extension Service

regional offices of MN State agencies:
●

MN Pollution Control Agency (PCA)

●

MN Department of Agriculture (MDA)

federal agencies:
●

Natural Resources Conservation Services (NRCS)

read
Agriculture and Water Quality--Best Management Practices for Minnesota. MN Pollution Control Agency
Running your Feedlot for Farm Economy and Water Resource Protection. MN Pollution Control Agency
Nitrogen Management for Livestock Producers. Beltrami Soil and Water Conservation District.
Protecting Minnesota's Water Resources--Best Management Practices for Atrazine and Nitrogen. MN Department of
Agriculture.

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
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12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary District
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
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Reducing the Use of Hazardous
Household Products
Shoreland Best Management Practices
Number 14 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.
Minimizing the use of hazardous products and properly handling those that are used can preserve water quality.

Why Are Hazardous Household
Products a Problem?
Many common household cleaners and home improvement
products contain ingredients that are corrosive, toxic, or
flammable. When used improperly or disposed of improperly,
these products can become personal health and safety
concerns and can also cause problems in the environment,
contaminating ground water and soil and eventually
reaching surface waters.
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Smart Shopping

Think twice before buying household cleaning and maintenance products. General purpose products may work just as well as products
developed for a specific surface or appliance. Some products may contain hazardous ingredients, such as degreasers, which contain
petroleum distillates. Purchase nontoxic or less toxic products whenever possible (like water-based rather than solvent-based paints
and cleaners). Alternatives to hazardous cleaning products are cheaper and some are equally effective. Do not use pesticides unless
you have tried all other alternatives without success. The Western Lake Superior Sanitary District (WLSSD), the MN Pollution
Control Agency (PCA), and the University of Minnesota Extension Service can provide information on alternatives to pesticides,
cleaning products, and other hazardous products.
If you must use a hazardous product, read the label carefully before purchasing. Make sure the product will do what you want it to.
Buy only the amount you need, and use it up. If you can't use it up, give it to someone who can.

Read the Label!
Reading product labels is the best way to get information about that product. Labels contain information about product ingredients,
how to store and use safely, and hazards associated with the product. Labels on hazardous products contain SIGNAL WORDS, which
tell how hazardous the product is to humans. This can give some indication of the potential problems to the environment.
Signal words: what they mean
POISON = highly toxic
DANGER = extremely flammable, corrosive, or highly toxic
WARNING = moderate hazard
CAUTION = mild/moderate hazard
NO SIGNAL= the product is not hazardous
WORD
Remember, signal words are found on labels of new products. Older products in your
home may not contain signal words

The label will also include more specific information about the kind of hazard associated with the product, whether it is flammable,
corrosive, reactive, or toxic.
Look for signal words on labels and buy products with no signal words, or with the lowest hazardous level signal word (caution or
warning). Some products will indicate whether they are safe for septic systems.

Safe Storage and Disposal
Follow label instructions for use and storage of all household products. Do not store paints and pesticides in unheated buildings where
they will freeze and become waste.
Dispose of banned or unusable products properly. Do not pour leftovers down the drain, on the ground, or into a storm sewer. Empty
containers, including paint cans (lids should be left off) and aerosol cans, should be placed in the trash. Pesticide containers must be
triple-rinsed before disposal. The rinse water should be used for the same purpose the pesticide was used for. The clean, empty
containers can then be placed in the trash. In some areas, pesticide containers can be collected to be recycled into new pesticide
containers. Hazardous product containers should not be recycled through community recycling programs.
Call your county solid waste office for information about household hazardous waste collections in your area.

Special Concerns About Mercury
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Mercury in the environment is a serious public health issue in northern Minnesota. Many household products, including paints,
batteries, thermometers, and fluorescent tubes, contain small amounts of mercury. When these products are not disposed of properly,
mercury can be released into the environment. Mercury in lakes and rivers can accumulate in fish and be passed on to humans who eat
them. Fish consumption advisories have been established by the MN Department of Health. Advisories have been set for certain lakes
and fish species.
Product manufacturers are aware of the problems with mercury and many are modifying their products to reduce or remove it.
Alkaline batteries sold in Minnesota after January 1, 1996, have no added mercury and can safely be discarded in the trash.
Here are some things you can do to reduce mercury waste:
●

Look for alternatives; many mercury-free products are available and can replace mercury-containing products.

●

Purchase alkaline batteries with no added mercury.

●

●

●

●

●

Use rechargeable nickel-cadmium batteries to reduce overall battery waste by 90%; nickel-cadmium batteries should be
saved for a collection and recycling program.
Button batteries, used in watches, cameras, and calculators, are recyclable. Return these to a retail outlet that collects them, or
to a household hazardous waste collection program.
Fluorescent tubes--contact your county solid waste officer for disposal or handling advice.
Take paints, thermostats, mercury switches, thermometers, blood pressure cuffs, and other items containing mercury to a
household hazardous waste collection program for recycling; do not throw these in the trash.
Look before you buy items to see if they contain mercury; many products you might not suspect contain mercury (e.g., some
red-light tennis shoes).

Regulations That Apply
The Minnesota Legislature prohibits the placement of the following items in municipal solid waste:
●

lead-acid batteries (vehicle batteries)

●

waste motor oil and oil filters

●

rechargeable batteries

●

thermostats, thermometers, or electric switches containing mercury

Don't dump antifreeze down your drain. Contact your county solid waste office for information on proper disposal of anti-freeze.
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Here's what can happen when mercury is improperly disposed of and mercury compounds enter a river or
lake food chain:
1. Mercury enters the river or lake.
2. Mercury attaches to particles of organic material or sediment and falls to the river or lake bottom.
3. Bacteria and other microorganisms consume the mercury and convert it to a fat-soluble form.
4. Bacteria that contain mercury are eaten by small animals on the riverbed and the mercury enters
their fatty tissues.
5. Small fish eat the small animals.
6. Larger fish eat the smaller fish and the mercury builds up in their tissues. The older the fish, the
more mercury it contains.
7. If a contaminated fish is eaten by a human, the mercury in the fish is absorbed into human fatty
tissues. Although mercury will be eliminated from our bodies over time, frequent meals of
contaminated fish will cause accumulation of mercury in human tissue to potentially unsafe
levels. No method of cleaning or cooking fish will reduce the amount of mercury in its flesh.

For More Information...
call
county offices:
●

University of Minnesota Extension Service

●

Solid waste office
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regional offices of MN State agencies:
●
●

MN Pollution Control Agency (PCA)
Western Lake Superior Sanitary District
Garbage Hotline - (218) 722-0761

read
Easy Recipes for Alternatives to Hazardous Household Products. Brochure available from Western Lake Superior Sanitary
District.
Household Hazardous Waste Fact Sheets. Available from MN Pollution Control Agency and Western Lake Superior Sanitary
District.
Household Hazardous Disposal Guide. Available from MN Pollution Control Agency and Western Lake Superior Sanitary District.
Household Cleaning Products - What About Substitutes. Available from county offices of the University of Minnesota Extension
Service. Mercury: Get Mad Now, Not Later. A guide to mercury in common household products, proper disposal, and available
alternatives. Western Lake Superior Sanitary District.
Household Battery Basics. A guide to battery disposal. Western Lake Superior Sanitary District.

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota

Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary Districtbr

ATTACHMENT C

These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
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Preventing the Introduction of
Exotic Species
Shoreland Best Management Practices
Number 15 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Why Are Exotic Species a Problem?
Today, "exotics"-the term for organisms that have been introduced into areas where they are not native-are considered to be among the
most severe, worldwide agents of habitat alteration and degradation. They are a major cause in the continuing loss of biological
diversity throughout the world. They have caused extinction of some native species. Exotic species can be thought of as "biological
pollutants."
Moving plants or animals, accidentally or intentionally, from one habitat into another where they have never been before is risky
business. In the absence of predators, parasites, pathogens, and competitors from their native habitat, species introduced under
favorable conditions will often overrun their new home and crowd out important native species. Once established, exotics can rarely
be eliminated.

To Protect Your Lake from Exotics
There are many BMPs you can adopt as an individual to minimize the spread of aquatic exotic plants and animals:
●

Learn what these organisms look like and monitor for their presence. If you suspect a new infestation of an exotic plant or
animal, report it to Minnesota Sea Grant Extension in Duluth, (218) 726-8712, or the MN Department of Natural Resources
(DNR) Exotic Species Program in St. Paul, 1-800-766-6000 or (612) 296-2835, or a local DNR fishery office.
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●

●

●

●

●

●

●

●

Consult the DNR for recommendations and permits before you try to control or eradicate an exotic pest. Remember, exotic
species thrive on disturbance. Do-it-yourself control treatments often make matters worse and can harm native species.
Organize educational campaigns and committees. Contact Sea Grant if you would like to become a volunteer zebra mussel
monitor. Your lake association or civic group could also undertake an educational campaign in your area.
Conduct public awareness events at water accesses (at DNR accesses, notify the DNR before planning an activity).
Don't transport water, animals, or plants from one lake or river to another. In Minnesota, it is illegal to transport surface
water, aquatic plants, or exotic species.
Remove plants and animals from your boat, trailer, and accessory equipment (anchors, centerboards, trailer hitch, wheels,
rollers, cables, and axles) before leaving the water access area.
Drain your livewell, bait bucket, and bilge water before leaving the water access area.
Empty your bait bucket on land, never into the water. Never dip your bait bucket into one lake if it has water in it from
another. And, never dump live bait from one water body into another.
Wash your boat, tackle, downrigger cables, and trailer with hot water. Flush hot water (at least 104·F) through your motor's
cooling system and other boat parts that normally get wet. If possible, spray your boat, trailer, and accessories with hot, high
pressure water. Let everything dry for five days before transporting your boat to another body of water (both hot water and
drying will kill zebra mussels).

Species of Concern
Aquatic exotic species that are causing particular concern in Minnesota today are shown below. Other exotics of concern are the
common carp, sea lamprey, rusty crayfish, white perch, flowering rush, and curly leaf pondweed. Species are not drawn in correct
proportion to each other.

Don Luce
Bell Museaum of Natural History

Zebra Mussel (Dreissena polymorpha)
Size: 1/4 to 2 inches

Eurasian Water Milfoil
(Myriophyllum spicatum)
Leaflet: 1/2 life size

MN DNR

M. Baradlai
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Eurasian Ruffe (Gymnocephalus cernuus)
Size: 2 to 5 inches

Donna Francis

Round Goby (Neogobius melanostomus)
SizeL 2 to 12 inches

Don Luce
Bell Museum of Natural History

Spiny Water Flea (Bythotrephes cederstroemi)
Size: 3/8 inch

Purple Loosestrife
(Lythrum salicaria)
Size: 2 to 7 feet

MN DNR

For More Information...
call
regional offices of MN State agencies:
●

●

Minnesota Sea Grant's Exotic Species Information Center,
2305 East 5th Street, Duluth, MN 55812-1445; (218) 726-8712
MN Department of Natural Resources (DNR), Exotic Species Program

read
Zebra Mussel WATCH Citizen Network Guide. Early Detection of Adult Zebra Mussels. Available from Sea Grant.
A Field Guide to Aquatic Exotic Plants and Animals. Available from DNR or Sea Grant.
Exotic Species Information. A resource list of publications and videos. Available from Sea Grant.
Mussel Menace! Zebra Mussels and You. Leader training manual, videotape, and slide-audiotape set. Available from Sea Grant.
Clean Boats, Clean Waters: Exotic Species Handbook. Available from DNR.
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Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary Districtbr
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
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University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173

Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
Next Section: #16 Accessing Information to Protect Water Quality
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Accessing Information to Protect
Water Quality
Shoreland Best Management Practices
Number 16 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Information and Assistance Available
Information and assistance are available from many public agencies and organizations that work in partnership with shoreland
property owners, lake associations, public officials, and private enterprises to protect water quality. This fact sheet is intended to direct
you to the appropriate source of information as you undertake protection strategies or adopt BMPs on your shoreland property.
Assistance may be in the form of:
●

information and education on water quality issues

●

technical and planning consultation for your parcel of property

●

issuing permits, requirements, guidelines for developing your property

●

enforcement of regulations affecting the water quality of lakes and rivers

●

cost-share assistance and project funding for individual projects

●

testing and monitoring of water
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What to Expect When Contacting an Agency
●

The agency may have office hours between 8:00 a.m. and 4:30 p.m., Monday through Friday.

●

Some may require fee-for-service; others may be available at no direct cost to the user.

●

The person you want to speak with may be out of the office, as that is the nature of his or her work - to be out meeting with
people or conducting site visits or inspections. It is best to call ahead for an appointment if you want to meet with the person.
If you don't reach him or her by phone, leave your name, phone number, and a specific message.

●

On some issues you may be given several alternatives to help you make a decision. You may also need to be referred to a
more appropriate agency.

Questions You May Have
Listed below are some common questions people have and which agency would be the most appropriate to contact. Locations,
addresses, and telephone numbers are listed later in this fact sheet.
Is my water supply safe for an infant to drink?
MN Department of Health or County Health Department
How do we keep exotic species out of our lake?
MN Sea Grant Extension Program or MN Department of Natural Resources - Exotic Species Program
Do I need a permit to install a new dock?
MN Department of Natural Resources - Division of Waters
How can I keep the lake from washing away my yard?
Soil and Water Conservation District or MN Board of Water and Soil Resources or county planning and zoning department
How many fish can my family eat without getting mercury poisoning?
MN Department of Health or MN Sea Grant Extension Program
How do I know if I have a wetland on my property?
Soil and Water Conservation District or MN Board of Water and Soil Resources
How can I get rid of weeds in my swimming area?
MN Department of Natural Resources - Section of Fisheries
Where can I buy 100 trees to plant on my property?
Soil and Water Conservation District
Where can I get information on building a compost heap?
University of Minnesota Extension Service or Western Lake Superior Sanitary District
What can I do about the beaver dams flooding my property?
MN Department of Natural Resources - Section of Wildlife
How can I make sure my septic system keeps working?
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County Health Department or University of Minnesota Extension Service
Who controls the water levels in our reservoir lake or river?
MN Department of Natural Resources - Division of Waters or local power utility
What are the guidelines and regulations for paving my driveway?
Soil and Water Conservation District or county Planning and Zoning department
To whom do I report a violation such as dumping into a lake or river?
MN Pollution Control Agency
The following list is categorized by the level at which you might best access information and assistance - local, state, or federal. A
brief description of services is given, as well as how to access either by telephone or in writing.

Local Resources
Water Plan Coordinators
Your county water plan coordinator is a good place to start because she or he has knowledge of, and access to, many other resources.
The Water Management Act of 1986 (Minnesota Statutes, Chapter 110B) encouraged counties to develop and implement
comprehensive local water management plans. In Minnesota, all non-metro counties have completed and adopted water plans, and are
now in the process of implementation. The responsibility for implementation varies by county. In some counties, the Soil and Water
Conservation District (SWCD) has the primary responsibility, and in others it is the responsibility of the county planning, zoning, or
environmental services.
Access: Call your county SWCD or University of Minnesota Extension Service office for help identifying your county water plan
coordinator.
Soil and Water Conservation Districts
SWCDs were formed nationwide to conserve soil and water resources, and are local units of government within each county. Their
objective is the control and prevention of soil erosion and water pollution. This is carried out through:
●

●

technical and planning assistance to landowners on conservation practices
cost-share assistance (50 to 75%) to landowners to install erosion control practices, such as on roadsides and shorelines, or
control barnyard runoff

●

printed information and presentations to landowners and groups

●

forest stewardship assistance to landowners and communities (this may vary by county)

●

service of selling trees (this may vary by county)

Access: Look in the phone book under county office listings.
University of Minnesota Extension Service
University of Minnesota Extension Service provides education on protecting our water resources with an emphasis on reaching people
with practical, understandable methods. These include:
●

displays, publications, demonstrations, AV materials

●

workshops, presentations to groups (may vary by county)

●

coordination with other agencies to address water quality issues
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●

training on organizational and group process skills to assist groups in reaching their goals

INFO-U is a 24-hour service that gives you telephone access to University of Minnesota research-based information. Recorded
information is available on environmental issues, safe drinking water, yard waste disposal, lawns, shrubs, and trees. Contact your
county extension office to receive a brochure listing the topics and how to use this system. Web address:
http://www.extension.umn.edu/info-u
The Minnesota Waterline, a toll free number with knowledgeable staff to answer your questions, is 1-800-455-4526.
Minnesota Sea Grant Extension Program, University of Minnesota
Lake Superior and Minnesota water resources are the focus of research and educational programs of the Minnesota Sea Grant
Extension Program located on the Duluth and St. Paul campuses of the University of Minnesota. Presentations, workshops,
publications, and audiovisual materials are available on research findings and expertise in these areas:
●

fisheries

●

aquaculture

●

recreation and tourism

●

water quality

●

economic development

●

coastal management

●

aquatic exotic species

Access: Minnesota Sea Grant Extension Program
208 Washburn Hall
University of Minnesota Duluth
2305 East Fifth Street
Duluth, MN 55812-1445
(218) 726-8106
www.d.umn.edu/seagr/
Exotic Species Information Center
(address same as above)
(218) 726-8712
County Health, Zoning, Planning, and Solid Waste Departments
Health/environmental services departments enforce public health regulations and assist in areas that affect water resources and
shoreland property owners. Many functions deal with individual septic systems. The county health department:
●

issues permits and inspects the installation of septic systems

●

inspects septic systems for observable failure during point-of-sale inspections

●

licenses and monitors septic system contractors

●

licenses and inspects septic tank pumpers and on-land septic disposal sites

●

tests water from private wells for safety and at the time of property transactions

●

tests surface water at public beaches for fecal contamination

The zoning department regulates landuse to encourage the most appropriate use of land, while preserving economic and environmental
values. It also administers and enforces the zoning ordinances, except in incorporated cities and townships that have their own zoning
administration.
County governments carry out solid waste programs including management of landfills and transfer stations, collection of household
hazardous waste, and coordination of recycling activities. Access: Look in your phone book under county office listings for health,

zoning, planning, or solid waste departments.
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Lake Associations
Lake property owner associations have been formed for many lakes in Minnesota. The purpose of a lake association can vary. They
may be organized mainly for social and security reasons, around a specific issue such as weed control, for political purposes, or to
encourage activities such as water quality testing or placement of navigational buoys. Individual lake associations may join together to
form county Coalitions of Lake Associations (COLAs).
Access: Contact your county water plan coordinator to find out about lake associations in your area. For assistance in organizing a
lake association, contact your county water plan coordinator, county office of the University of Minnesota Extension Service, or the
Minnesota Lakes Association at:
Minnesota Lakes Association
P.O. Box 321
Brainerd, MN 56401-0321
1-800-515-5253
(218) 825-1909
www.mnlakesassn.org

State Resources
MN Board of Water and Soil Resources (BWSR)
The BWSR works with local units of government to help them develop local resource management capabilities. Some of the areas it is
involved in are wetlands, shoreland erosion, water quality education, feedlots, nonpoint source pollution and local water planning.
Publications, slide presentations, and technical assistance are available. BWSR has regional offices in Bemidji, Brainerd, Duluth,
Marshall, New Ulm, Rochester, and St. Paul.
Access: Look under the state government offices in your phone book or contact:
Board of Water and Soil Resources
One West Water Street, Suite 200
St. Paul, MN 55107
(612) 296-3767
MN Department of Health (MDH)
Within the MDH, the Division of Environmental Health has these responsibilities related to water resources and shoreland property
owners:
●

regulating the construction, repair, and sealing of wells and borings

●

licensing well contractors and well pump installers

●

requiring well disclosure prior to property transfer

●

licensing and regulating plumbers

●

establishing health risk limits for contaminants in water

●

establishing fish consumption advisories based on health risk limits

MDH issues permits for well construction and well sealing notification; a well may not be constructed or sealed until after it has
received the appropriate notification. Publications and videos are available on well construction and abandonment, well disinfection,
water quality, ground water contamination, water treatment devices, and well disclosure.
MN Department of Natural Resources (DNR)
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Within the DNR, three divisions deal most directly with water resourcesÑWaters, Fish and Wildlife, and Forestry. The DNR has
regional offices in Bemidji, Brainerd, Grand Rapids, New Ulm, Rochester, and St. Paul. The DNR has a Minnesota toll-free number to
provide you with information on materials available and DNR facilities, services, and regulations: 1-800-766-6000 (TTD
1-800-657-3929).
DNR - Division of Waters:
The Division of Waters is a regulatory division that provides technical and educational assistance to local government units and
citizens. It has regulatory jurisdiction over the alteration of protected lakes, rivers, and wetlands, and water use. Shoreland property
owners need to contact the division prior to altering lakes, rivers, or wetlands below the ordinary high water level to obtain
information and to determine if a permit is needed. Programs include:
●

alteration of lakes, rivers, and wetlands

●

water use, withdrawal of surface and ground water

●

dam safety, water level control structures

●

landuse management programs such as shoreland, floodplain, and wild and scenic rivers

●

information on streamflow, lake levels, precipitation, and ground water levels

●

publications, slide presentations, and displays

●

advice on local landuse ordinances

●

hydrologic data to provide information for decision making

●

grant programs

Access: Contact Area Hydrologists in regional or area offices.
DNR - Division of Fish and Wildlife - Section of Fisheries/Section of Wildlife:
The Section of Fisheries works in the area of fish management and water quality as it relates to fish and other aquatic life. It issues
permits on aquatic plant management and fish stocking and transportation. Publications are also available.
Access: Contact the nearest regional office.
The Section of Wildlife can provide information on how to improve your wetlands for wildlife and the value of wetlands for wildlife.
It can also give alternatives on the control of beavers and exotic species.
Access: Contact the nearest regional office.
DNR - Division of Forestry:
The Division of Forestry provides service to landowners on tree planting and care. Although it usually deals with large stands of trees
on an ecosystem basis, staff can give advice about shade tree management on smaller land parcels. This division issues burning and
timber harvest permits.
Access: Contact the nearest regional office.
MN Pollution Control Agency (PCA)
The PCA regulates what goes into our water and conducts water quality studies through its three divisions of Air Quality, Water
Quality, and Ground Water/Solid Waste. PCA issues permits that deal with the discharge of pollutants into the air, water, or land. It
also carries out the enforcement of local, state, and federal regulations that deal with pollution control.
The PCA has regional offices in Brainerd, Detroit Lakes, Duluth, Marshall, Rochester, and St. Paul.
Printed materials are available, as well as speakers on specific topics.
Access: Contact the nearest regional office or the PCA state information office at (612) 296-6300.
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Federal Resources
Natural Resources Conservation Service (NRCS), U.S. Department of Agriculture
The NRCS is a conservation-oriented natural resource federal agency. NRCS offices are often co-located with SWCD offices and the
two work together closely. They can:
●

help property owners prepare conservation plans to manage soils, water, plant, and animal resources

●

conduct soil surveys

●

●

●

assist local groups in planning and installing small watershed projects, such as watershed protection, erosion and sediment
control, agricultural water management
collect data to be used by organizations and individuals to make landuse decisions
provide technical assistance to implement the Conservation Reserve Program, Sodbuster, Swampbuster, and conservation
compliance provisions

Access: Contact the field office in most counties, listed in the phone book under U.S. Govern-ment, USDA.
U.S. Environmental Protection Agency (EPA) - Environmental Research Laboratory
Minnesota is home to EPAÕs only Federal Freshwater Research Laboratory, located on Lake Superior in Duluth. This laboratory is the
nationwide resource center of expertise on freshwater (lakes and streams) aquatic ecology and toxicology. Scientific publications on
water pollution are available.
Access:
EPA Environmental
Research Laboratory
6201 Congdon Boulevard
Duluth, MN 55804
(218) 720-5733

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens
10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
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12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
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Natural Resources Conservation Services
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Western Lake Superior Sanitary Districtbr
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University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
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Shoreland Stewardship Scorecard
Shoreland Best Management Practices
Number 17 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

This fact sheet summarizes BMPs from the
entire series. Check off practices as YOU
adopt them and measure your success
as a shoreland steward.

Practices to Adopt
Maintaining Your Septic System/Conserving Water
______ Repair leaking pipes and dripping faucets
______ Install low-flow showerheads/low-flush toilets
______ Eliminate use of garbage disposal
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______ Wash only full loads-dishes and laundry
______ Switch to liquid laundry detergent
______ Pump septic tank through manhole instead of inspection port
______ Pump septic tank annually
______ Other, what?___________________________

Ensure Safe Drinking Water Supply
______ Test water every two years
______ Disinfect well and plumbing after maintenance
______ Identify location, type, and depth of well
______ Properly seal well that is no longer used
______ Evaluate the condition of wellhead and improve if needed
______ Other, what?___________________________

Limiting Recreational Impact on Water Quality
______ Stop washing dishes, laundry, self in lake while camping
______ Move fuel from nearshore location to secure site away from shore
______ Properly dispose of wastewater when boating and ice fishing
______ Eliminate greywater lines from sauna to lake or river
______ Realign dock to permit better water flow; minimize shoreline alteration when installing new dock
______ Observe dates regulating off-road traffic in the spring
______ Make a conscious effort to avoid erosion problems from off-road recreation
______ Contact DNR before trying to remove aquatic vegetation
______ Quit using soap or shampoo in the water
______ Inspect boats and equipment before taking them to another water body
______ Preserve aquatic vegetation in developing new property
______ Develop a beach site with minimal shoreline alteration

______ Adjust speed to reduce wake and minimize wave damage to shore
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______ Consider existing natural characteristics of property before designing shoreland development
______ Other, what?_____________________________

Developing Shoreland Landscapes/Construction
______ Develop a site plan before beginning construction or landscaping
______ Develop a site plan to improve the landscape
______ Re-establish or preserve a filter strip along the shore
______ Minimize disturbance of plants and trees during construction
______ Plant native trees and shrubs
______ Carefully plan new roads and accesses
______ Install "water bars" to slow runoff along roads and paths
______ Protect trees during construction
______ Plan construction in stages to minimize runoff and erosion of uncovered soil
______ Other, what?_____________________________

Stabilizing Shoreline to Prevent Erosion
______ Retain moisture-absorbing vegetation along bluffs
______ Move heavy loads back away from bluffs
______ Retain ice ridges along the shore
______ Install erosion control structure; improve shoreline protection
______ Divert water away from top of bluff
______ Other, what?_______________________________

Minimizing Runoff from Shoreland Property
______ Reduce paved or covered areas
______ Use gravel instead of paving driveways
______ Limit clearing and grading on slopes
______ Locate new driveways, walks, and footpaths away from slopes
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______ Relocate footpaths and walkways to less steep areas; install steps on paths cutting up and down hillsides
______ Use erosion control structures during construction and landscaping
______ Install rain gutters along edge of rooftops and keep them free of debris to drain properly
______ Keep rooftops free of snow and ice buildup
______ Replace solid concrete patios with wood or paving stones to minimize runoff
______ Sweep driveways and walks instead of washing them down with water
______ Other, what?_______________________________

Caring for Lawns and Gardens
______ Test soil to determine plant nutrients needed before applying fertilizer to lawn and garden
______ Use compost or manure in recommended amounts instead of chemical fertilizer
______ Use extra caution when spreading fertilizer near surface water; do not spread within 75 feet of water or wetland
______ Retain a natural vegetation filter strip of grass, trees, and shrubs next to shoreline
______ Obtain proper identification of pest before applying any pesticide (for weeds, insects, mold, etc.)
______ Follow recommendations for low-maintenance guidelines in fertilizing grass
______ Use slow-release form of nitrogen in fertilizing
______ Locate new garden or relocate old garden on level site, and avoid planting in septic drainfield
______ Prevent yard waste from reaching the water
______ Other, what?_______________________________

Managing Your Shoreland Woodlot
______ Establish filter strip between shoreline and area being managed
______ Develop a plan, including a detailed map, before beginning management activity
______ Install roads in locations with lowest slope
______ Use barriers to prevent erosion during road building; mulch and seed exposed soil
______ Contact DNR Division of Waters to see if a protected water permit is needed
______ Use properly sized culverts or bridges to cross stream at 90° angle
______ Design roads for maximum cross drainage to minimize downroad flow
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______ Close all temporary roads to prevent unwanted use
______ Locate landings outside filter strips and away from low, poorly drained areas
______ Time harvest appropriately
______ Properly dispose of slash away from wetland areas
______ Do not conduct mechanical site preparation during periods of saturated soil conditions
______ Deposit residue from mechanical site preparation in upland areas
______ Create slash piles that do not interfere with natural drainage
______ Other, what?__________________________________

Valuing Your Shoreland Trees
______ Plan development of property to save existing vegetation
______ Use filter strips adjacent to shoreline to minimize runoff to water
______ Contact local zoning office for filter strip requirements before developing new area
______ Contact local zoning office for information on thinning trees in shoreland area
______ Protect existing trees during site development
______ Check for and treat pests and diseases on trees and shrubs
______ Water trees during times of low rainfall or after planting
______ Use a variety of native species in new plantings
______ Rake leaves and vegetative debris away from the water
______ Use lake water to water trees, shrubs, and lawn
______ Other, what?___________________________________

Preserving Wetlands
______ Preserve existing drainageways during land alterations
______ Avoid filling or draining any wetlands during land alteration
______ Avoid diverting storm water to any wetland
______ Do not use wetland as a dumping ground

______ Establish boardwalks to avoid compacting wetland areas
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______ Preserve unique wetland vegetation for habitat
______ Correctly identify a wetland area before beginning land alteration
______ Contact the SWCD for assistance in determining wetland boundaries
______ Other, what?___________________________________

Managing Crops and Animals Near Shorelands
______ Follow pesticide labels when used
______ Prevent runoff from feedlots or manure storage from entering surface waters
______ Divert water from manure storage or feedlot away from shoreland
______ Control soil erosion by adopting crop rotation or seeding critical areas to grass

Reducing the Use of Hazardous Household Products
______ Change buying habits to purchase fewer products that might become hazardous household waste
______ Learn what the safety information and signal words on product labels mean
______ Carefully follow label instructions for use and storage of all household products
______ Properly dispose of banned or unusable pesticides
______ Move paints and pesticides from unheated buildings to an area where they will not freeze and become waste
______ Recycle used motor oil and dispose of antifreeze and other automotive fluids properly
______ Recycle button batteries
______ Purchase alkaline or rechargeable batteries
______ Take hazardous household products such as paint, solvents, thermometers, and other mercury-containing products to a
designated collection site

Preventing Introduction of Exotics
______ Learn to identify exotic species
______ Learn whom to contact if exotic species are found or suspected
______ Help educate other people about preventing the spread of exotics
______ Always drain livewells, bilge water, and transom wells before leaving a boat landing
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______ Always empty bait buckets on land, never in the water
______ Never dip bait buckets into a lake when they contain water from another lake
______ Never dump live fish from one water body into another
______ Wash boat, tackle, downriggers, and trailer with hot water between uses on different water bodies
______ Flush hot water through motor's cooling system and other boat parts that come in contact with lake water between uses
______ Let boat and equipment dry for five days before transporting boat to another body of water
______ Other, what?_________________________________

Accessing Water Quality Information
______ Call a state agency's regional office for technical assistance
______ Contact a local agency to get questions answered or to apply for a permit

How good a shoreland steward
are YOU?
If you checked off
More than 80 BMPs
60-80 BMPs
40-59 BMPs
25-39 BMPs
11-24 BMPs
1-10 BMPs

You're...
Awesome
Doing a great job
Well on your way
Starting off right
Behind the times
Get Started Today!

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property
9. Caring for Shoreland Lawns and Gardens

10. Managing Your Shoreland Woodlot
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11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary Districtbr
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
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Conserving Water
Shoreland Best Management Practices
Number 18 of 18 in the Series

What Are Shoreland BMPs?
Best Management Practices (BMPs) are actions you can take to reduce your impact on the environment. BMPs have been described
for agriculture, forest management, and construction. This fact sheet describes BMPs you can adopt on your shoreland property to
help protect and preserve water quality. In many cases, the best management for shorelands may be retaining the natural
characteristics of your property.

Why Is Conserving Water Important?
Reducing our use of water will decrease water pollution, increase energy savings, and create more efficient use of our water resources.
Too much water in an on-site sewage treatment system can flush untreated material through before organisms have a chance to break
it down. If untreated material gets to the drainfield, the material can plug up the soil within the drainfield and shorten the life of the
septic system. Sending too much water down the drain can also cause systems to "blow out," allowing untreated material to flow out
onto the ground. If this occurs, the system needs to be dug up and repaired. Failing septic systems can:
●

contaminate drinking wells

●

cause health risks such as hepatitis or dysentery

●

cause chemical pollution from household cleaning products

●

contribute excess nutrients to ground water, lakes, or streams

Conserving water in rural areas will increase the life of existing septic systems. Conserving water within a municipal water system
will reduce household expenses, increase treatment plant efficiency, and reduce the amount of electricity and chemicals needed to treat
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wastewater. In both situations, conserving water protects water quality through improved wastewater treatment.

How Much Water Do We Use?
A typical household of four uses 260 gallons of water each day. Much of this water is used in the bathroom. Toilets use 40% of the
total, showers/baths and faucets use 35%. By contrast, 15% is used in the kitchen, and 10% for washing clothes.

Table 1: Typical water use (in gallons). Calculate how much your family typically uses in one week.

ACTION

TYPICAL USE

CONSERVATIVE USE

ULTRA-CONS. USE

Toilet-flushing

6 (old standard)

1.5-3 (low-flow)

Composting toilet

Tub bath

30 (1/2 filled)

15 (1/4 filled)

Sponge bath

Shower

10 min: 50 (5
gal/min)
3 min: 15 (5
gal/min)

25 (2.5 gal/min)
7.5 (2.5 gal/min)

Camper style
(3 gal)

40 (newer models) 17-28 (newer
models)

Laundromat

Laundry - full load

Top loading: 50-60
(older models)
Front loading: 33
(older models)
(Suds-saver reuses most of
the "wash fill" for the 2nd
load)

Machine: 12-15
(old-reg cycle)
Dishwashing

(Pre-rinsing before loading
adds 3-5 gal)

6-9 (new-reg cycle)
6 (basin rinse)

Hand: 16 (faucet
rinse)
Teeth-brushing

2 (faucet running)

1/8 (wet brush, brief rinse)

Hand-washing

2 (faucet running)

1 (basin; brief rinse)

Shaving

3-5 (faucet
running)

1 (basin; brief rinse)

? YOUR
USE ?
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Use less water by using common sense, making
lifestyle choices, and installing new low-flow
products!
Bathroom

Bathroom

the tub/shower
the toilet
To significantly reduce water use, replace your old 5 gallon
per flush toilet with a new 1.5 or 1.6 gallon per flush toilet.
This is the most effective way to decrease the amount of
water used in the bathroom.

To save water while showering, install a low-flow
showerhead. New designs range from 1.5 to 2.5 gallons per
minute and still provide a powerful stream of water. Some
models allow you to temporarily turn off the water without
changing the water temperature.

As an alternative to installing a new toilet, retrofit your old
one with a water-saving device. Displacing volume in the
tank means that less water is used for each flush. A clean,
sealed plastic container filled with sand will work.

To install a new showerhead, simply unscrew the old one
and screw on the new one using Teflon tape to seal the
threads. Be careful not to unscrew plumbing fixtures inside
the wall!

●

●

●

●

Don't use a brick-pieces of decaying brick can get
under the rubber flapper and cause leaks.
Leaky toilets can waste a lot of water. Replace the
rubber flapper in the tank every two to three years.
If black coloring comes off on your hand when you
touch the flapper, it's time to replace it!
Be careful that your displacement device still
allows a complete flush. With old tanks, less
volume may mean less than a total flush.

Other lifestyle choices will help save water while bathing:
●

Take short showers instead of baths.

●

Take shorter showers or shower less often.

●

Don't run the water full force when showering.

●

Turn the shower off while soaping or shaving.

●

Keep the water shallow when using the tub.

Flushing twice doesn't save water!
Baths can sometimes actually save water compared with
long showers. A showerhead that delivers 5 gallons per
minute means that a shower longer than 8 minutes uses more
water than a typical full bathtub (40 gallons).
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Kitchen

Utility Room-laundry

Saving water in the kitchen is easy with a low-flow faucet
aerator and a few new habits. When selecting a low-flow
faucet, keep in mind that flows less than 2.5 gallons per
minute are inconvenient at a kitchen sink when you are
trying to fill pots or wash dishes. A dual flow faucet is the
best choice for kitchens.

Front-loading washing machines use 40% less water than
top loaders. However, front loaders are not common; they
may be more expensive than top loaders and may be difficult
to find.

●

Repair leaky faucets.

Another option is to purchase a top loader with a suds-saver.
Suds-savers reuse most of the sudsy wash water for a second
load. By beginning with the cleanest clothes and reusing
wash water for at least one load, suds-savers can cut water
use by 30-50%.

●

Wash only FULL loads in the dishwasher and
select a low-water-use model.

Even when using a standard top-loading machine, there are
habits that will save water:

●

Hand-wash dishes in a basin instead of under
running water.

Other BMPs can save water in the kitchen:

●

●

Wash only FULL loads.

●

When smaller loads are necessary, use partial load
settings.

Store a container of water in the refrigerator to
avoid running water each time you want a cold
drink.

water treatment devices

If your water softener backflush line is connected to the septic
system, recharge your softener as infrequently as possible to
reduce water use and avoid overloading the septic system. If
you want automatic recharge on your conditioner, select a
model that recharges after a certain amount of water passes
through rather than one that recharges at regular time
intervals. That way if you're away or your water usage drops,
the frequency of recharge will also drop.
If you have a point-of-use water treatment device, be sure it
has a shut-off valve so the system doesn't run continuously
when the reservoir is already full. Reverse osmosis systems
sometimes reject 8 gallons for every 1 gallon filtered. This
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rejected water can put too much water into your septic system
and chemically destroy the bacterial action.

Saving Water Saves Energy and Money
By conserving water, you will save money. Using a low-flow showerhead will annually save you an estimated $10 per person in
waterheating savings alone. Savings can be realized from water and wastewater service fees, electric city bills, and longevity of your
pumps and switches. The largest savings in the rural setting is your septic system performance and longevity.

Regulations That Apply
The 1992 Federal Energy Policy Act established standards for water-efficient plumbing fixtures including toilets, urinals,
showerheads, and faucets manufactured after January 1994. This includes installing 1.5 or 1.6 gallon flush toilets, low-flow
showerheads, and other watersaving devices in new constructions and remodeling projects.
Minnesota law requires municipalities with public water supplies serving more than 1,000 people to develop conservation plans. By
January 1, 1996, municipalities must have developed a water emergency and conservation plan. Before requesting approvals to
construct new wells or increase their annual appropriation, communities must implement demand reduction measures designed to
decrease water use.

For More Information...
●

The Minnesota Water Line is available to answer your questions on water issues.
1-800-455-4526

●

Small Flows Clearing House, West Virginia
1-800-624-8301

●

Water Wiser for water efficiency, Colorado Internet Web Site: http://www.waterwiser.org or e-mail:
bewiser@waterwiser.org
1-800-559-9855

read
Septic System Owner's Guide. PC-6583 - at your University of Minnesota Extension Service Office

Part of a series. . .
This fact sheet is one of a series designed to assist shoreland property owners in protecting and preserving water quality. The series
includes:
1. Understanding Shoreland BMPs
2. Maintaining Your Shoreland Septic System
3. Installing a Shoreland Septic System
4. Ensuring a Safe Water Supply
5. Limiting Impact of Recreation on Water Quality
6. Developing Shoreland Landscapes and Construction Activities
7. Stabilizing Your Shoreline to Prevent Erosion
8. Minimizing Runoff from Shoreland Property

9. Caring for Shoreland Lawns and Gardens
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10. Managing Your Shoreland Woodlot
11. Valuing Your Shoreland Trees
12. Preserving Wetlands
13. Managing Crops and Animals Near Shorelands
14. Reducing the Use of Hazardous Household Products
15. Preventing the Introduction of Exotic Species
16. Accessing Information to Protect Water Quality
17. Shoreland Stewardship Scorecard
18. Conserving Water
19. Property Management System form
20. Septic System Information form
This series of fact sheets is a cooperative effort of the following agencies:
University of Minnesota Extension Service, University of Minnesota
College of Natural Resources, University of Minnesota
Water Plan Coordinators of the Arrowhead counties
Minnesota Board of Water and Soil Resources
Minnesota Department of Health
Minnesota Department of Natural Resources, Division of Fish and Wildlife,
Division of Waters, Division of Forestry
Minnesota Pollution Control Agency
Minnesota Sea Grant Extension Program
Mississippi Headwaters Board
St. Louis County Health Department, Environmental Services Division
Soil and Water Conservation Districts of the Arrowhead counties
Natural Resources Conservation Services
Environmental Protection Agency
Western Lake Superior Sanitary Districtbr
These publications may be photocopied for local distribution. The addition of commercial names, products, or identifiers is not
permitted. please do not add or delete any text material without contacting:
You may add information about contact persons or regulations specific to your county, region, or lake association.
University of Minnesota Extension Service, Distribution Center 20 Coffey Hall 1420 Eckles Ave St Paul, MN 55108-6069
612-625-8173
Produced by the Arrowhead Water Quality Team, a cooperative effort of Carlton, Cook, Itasca, Koochiching, Lake, and St. Louis
counties and state and federal agencies. All publicly funded agencies involved are committed to equal opportunity education, service,
and employment.
Next Section: Property Management System Form
Home
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PROPERTY MANAGEMENT
SYSTEM FORM
Name of lake or river:

Property address:

Fire number (if different):

Legal description of property (township, range, section):

Well Information:

Year well was constructed:

Depth in feet:

Diameter in inches:

Casing Depth in feet:

Type of casing:

____steel

____concrete

Pump location:

____in well

____in
basement

____in
pumphouse

Name of contractor who installed well:

Dates water was tested:
(Insert water test records in this folder)

Location of any wells on this property:

Next Section: Septic System Information:
Home

____none

Septic System Information Form:
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Year septic system was installed:
Size of septic tank in gallons:

Type of soil treatment:

OR holding tank in gallons:

___mound
___seepage bed

___pressure mound
___cesspool

Name of contractor who installed system:

Dates septic tank was pumped:
(Entire tank should be pumped empty)

Name and phone of septage hauler:
Sketch the location of well and septic system in relation to house, and roads.
Include sketch in this folder.
This folder and its contents should be passed on to new owner when this property is sold.

Home

___drainfield trenches
___none
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MFRC // ISSUES
Water Quality

Water and Forests
Clean water is essential to the economic and ecological well-being of all Minnesotans.
From our basic biological need for survival to the role that abundant water plays in food
production, recreation, and economic development, the amount and quality of water
resources is intricately tied to our quality of life. Improving and maintaining local and
regional water resources is one of the grand challenges facing society today.

https://mn.gov/frc/water-quality.html
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Forests are under increasing development pressure which can reduce water quality. Regions of
the state with large amounts of forest and increasing water use are particularly at risk of water
quality degradation associated with development pressure. (USDA Forest Service, 2009)

Forests play an important role in maintaining water supply and quality. About two-thirds
(2/3) of drinking water in the United States comes from forest lands, and Minnesota has
over 17 million acres of forest—nearly one-third (1/3) of the state’s total land area (NASF
2008). The forest’s ability to supply abundant clean water can be compromised by
disturbances, such as ﬁre or forest harvesting, or by the loss of forests due to
development, urbanization, and agriculture (Figure 1).
Maintaining and managing Minnesota’s forests in a responsible manner can help ensure
the continued supply of clean water into the future. A majority of the Council’s efforts to
https://mn.gov/frc/water-quality.html
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protect water quality relate to minimizing the effects of forest disturbance and addressing
development threats facing Minnesota’s forests.

Council Activities
FOREST MANAGEMENT AND FOREST DISTURBANCE
Site-Level Guidelines—The Council has developed the Sustainable Forest Management
Guidelines to minimize negative impacts to forest resources with emphasis on water
quality. These guidelines are widely used by managers, loggers, and landowners to
maintain water quality during forest management activities.

Minnesota’s Forest Management Guidelines include many practical recommendations to minimize impacts
to water quality during forest management activities. Here, a crossing structure was installed to maintain
the integrity of a small stream and minimize impacts to water quality.

Monitoring of Guideline Implementation—The Council works closely with the Minnesota
Department of Natural Resources (DNR) to assess guideline use and management activity
in forested watersheds in the state. Information is used to inform outreach and planning
efforts that reduce the risk of water quality impacts. Monitoring Program

https://mn.gov/frc/water-quality.html
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The Council works closely with the DNR to monitor implementation of the forest management guidelines to
ensure that they are being properly used to maintain water quality during and after forest harvesting
activities.

Researching Threats to Water Quality—Council staff conducts research in collaboration
with the University of Minnesota (UMN) and the U.S. Forest Service to assess existing and
emerging threats to water quality, such as changes following the loss of black ash
wetlands due to the invasive Emerald Ash Borer. (Minnesota Public Radio: "In warmer
climate, a bid to preserve trees threatened by emerald ash borer")

MAINTAINING FOREST COVERAGE
DOCUMENTS ARE AVAILABLE IN ACCESSIBLE FORMATS UPON REQUEST

https://mn.gov/frc/water-quality.html
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This map shows the extent of parcelization that has occurred within 10 counties in northern MN.
The Council uses this type of data to develop recommendation and policies to minimize forestland
parcelization and conversion to other land uses.

Studying Forest Divisions—As forestland is subdivided into smaller and smaller parcels,
it is much more likely to be developed into something else by landowners. Council staff
has conducted several studies in collaboration with the UMN to evaluate forestland
subdivision in Minnesota and identify the factors contributing to an increase in divisions. In
response to these ﬁndings, the Council has developed policy tools and recommendations
to discourage parcelization and its effects on forest coverage. Parcelization Report
Forestland Tax Policy—Taxes are often cited as one of the key factors contributing to the
sale and development of forestlands in Minnesota. The Council has worked closely with
the Minnesota State Legislature to develop tax policies favorable to forest landowners and
local governments.
Competitiveness of Minnesota’s Forest Industry—Forest products such as timber
provide economic beneﬁt to landowners and forest-based communities, allowing them to
retain existing forestlands. A healthy forest industry is essential for this beneﬁt to be
feasible for most landowners. The Council has conducted a series of in-depth studies
examining the health of Minnesota’s forest industry and provided several
recommendations to maintain its competitiveness in a global economy. Competitiveness
Report
Measuring Forestland Disturbance, Recovery, and Loss—Understanding the degree
to which forests are disturbed over time and documenting the loss of forestland is critically
important to effectively maintaining Minnesota’s forests. Council staff is collaborating with
the UMN to map historic forestland disturbance and recovery over time, and is also
https://mn.gov/frc/water-quality.html
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working with the DNR for future assessments of forest change and conversion. Monitoring
Program

The Council is working closely with DNR to map watershed disturbance patterns using satellite imagery.
Above is a map of cumulative disturbance rates from 2000-2015 by catchment for the Mississippi
Headwaters Watershed in northern Minnesota. Mapping forest land disturbance is an important ﬁrst step
in understanding how it inﬂuences water quality.

What Remains to be Done
The Council has identiﬁed several priorities to be addressed in the coming years to ensure
the continued supply of clean water from Minnesota’s forests.
Continue promoting policies that favor maintenance of forestlands including a healthy
forest industry and effective tax policy
Build stronger and more inclusive partnerships among forest and water stakeholders,
governmental agencies, and local government to improve planning and action
Conduct research to quantify cumulative effects on water quality and identify key
thresholds

CONTACT ROB SLESAK TO DISCUSS WAYS YOU CAN HELP THE
COUNCIL PROMOTE HEALTHY FORESTS TO MAINTAIN WATER
QUALITY.
RASLESAK@UMN.EDU

https://mn.gov/frc/water-quality.html
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UPDATED 2016-03-25

DOCUMENTS ARE AVAILABLE IN ACCESSIBLE FORMATS UPON REQUEST
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May 28, 2021
Janice Gundlach
Community Development Director
City of Roseville
2660 Civic Center Drive
Roseville, MN 55113

Dear Ms. Gundlach:
On behalf of Builder’s Lot Group, LLC, please accept this response to a citizen’s petition for a discretionary EAW
for the Victoria Shores development in Roseville.
This response addresses the twenty study areas of an EAW and why we believe a discretionary EAW is not
warranted. Most of the information studied for an EAW is already known and/or addressed within this response.
Since this response includes information for each of the 20 EAW study areas and addresses the citizen questions,
we do not believe a discretionary EAW is warranted and will not benefit the project approval process. Any
additional questions can be addressed via the Preliminary and Final plat approval processes.
Victoria Shores is an eight-lot development of single-family homes. Five lots are adjacent to Lake Owasso and
three lots are across the street to the west. The Comprehensive Plan identifies this area for future residential
development and the zoning map identifies this area for single family houses. We trust you will find these
responses satisfactory.
Please share this response with all relevant parties. We look forward to continuing the discussion of the
development with you and your team, and the City Council.
Sincerely,

Steve Troskey, AICP
Residential Practice Leader

ATTACHMENT D
Victoria Shores Residential Development
Roseville, MN
Response to EAW Questions
The following report includes the 20 EAW questions and responses to each question related to the
Victoria Shores Residential Development. Most of the information studied for an EAW is already
known and/or addressed within the following responses.
1. Project Title

Victoria Shores Residential Development
2. Proposer

Melvin Brown Moore
Builders Lot Group, LLC
9531 West 78th Street, Suite 135
Eden Prairie, Minnesota 55344
3. RGU

City of Roseville
4. Reason for EAW Preparation

N/A
5. Location and Maps

PID #’s: 022923310058, 022923310048, 022923310001
6. Description

Victoria Shores is a single-family residential development on the southwest shore of Lake
Owasso. Five homes are adjacent to the lake and three homes are west of Victoria Street North.
The lakefront properties will each have individual docks for lake access and the three nonlakefront properties will have a common out lot and share lake access.
The Roseville Comprehensive Plan identifies this area for future single-family housing
development. Utilities are accessible and access will come from existing public roads.
7. Cover Types

Estimate the acreage of the site with each of the following cover types before and after
development:
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o
o
o
o
o
o
o

Wetlands – identified by type (Circular 39)
Watercourses – rivers, streams, creeks ditches
Lakes – identify protected waters status and shoreland management classification
Woodlands – breakdown by classes where possible
Grassland – identify native and old field
Cropland
Current development

Cover Types & Subtypes
Types 1 – 8
Wetlands………………………………………………………………………
Watercourses………………………………………………………………….

≈
≈ After
Before
Development
Acres
1.84

1.84

0.00

0.00

Lakes…………………………….……………………………………………

0.18

0.18

Woodlands……………………………………………………………………
Grassland…………………………………………………..…………………
Cropland…………………………………………………………………….
Developed
Land……………………………………………………………………….
Totals:

4.62
0.00
0.00

2.64
0.00
0.00

0.00

1.98

6.64

6.64

A tree inventory of the site was completed in January 2021 by Mark Rehder, who is a certified
arborist through the International Society of Arboriculture. The tree inventory was completed per
the requirements outlined in Chapter 1011.04 (Tree Preservation and Restoration in All Districts)
of the Roseville city code. 300 trees with a diameter at breast height greater than six inches were
identified on the site. These consist of Silver Maple, Boxelder, Green Ash, American Elm, Black
Willow, Red Maple, Black Walnut, Red Cedar, Red Oak, and Eastern Cottonwood. This project
will meet the City’s tree replacement requirements; there are 300 existing trees on site and the
project will remove 127 of the trees identified, of which 32 of the removed trees are considered
exempt. 16 new trees will be planted with the proposed development.
8. Permits and approvals required.

List all known local, state, and federal permits, approvals, and financial assistance for the
project. Include modifications of any existing permits, governmental review of plans and all
direct and indirect forms of public financial assistance including bond guarantees, Tax Increment
Financing, and infrastructure. All of these final decisions are prohibited until all appropriate
environmental review has been completed. See Minnesota Rules, Chapter 4410.3100.
The proposed project will adhere to all permits and approvals necessary for the project. Please
reference the table below for a list of permits and approvals that are required for the project.
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Currently Assumed Approvals Needed:
Unit of Government
FEDERAL
U.S. Army Corps of
Engineers
STATE
MN DNR

Type of Application

State Historic Preservation
Office
LOCAL
Ramsey County

Ramsey-Washington Metro
Watershed District

Letter of No Wetlands Jurisdiction

•

Complete
MN Natural Heritage Database
Applied for (docks)
Review
General Permit for Temporary Water
Appropriations

•

National Pollution Discharge
Elimination System Construction
Permit (NPDES)
Stormwater Pollution Prevention
Plan (SWPPP)

To be applied for

•

Archeological/historic sites review

In process (request
has been submitted)

•
•

Roadway Access Permit
Plat Approval

To be applied for

•

Certification of Wetland
Replacement
Storm Water Management Plan
Review

Not applicable per
WCA
To be applied for if
needed

Building Permit(s) (SAC and
WAC)
Grading Permit(s)
Zoning and PUD Approval
Conditional Use Permit(s)
Plat Approval
Site Plan Approval
Municipal Water Connection
Sanitary Sewer Connection Permit

To be applied for
To be applied for
To be applied for if
needed
To be applied for
To be applied for
To be applied for
To be applied for
To be applied for

•

•
•

City of Roseville

Received

•

•
MN Pollution Control
Agency

Status

•
•
•
•
•
•
•
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9. Land Use

a. Describe:
i. Existing land use of the site as well as areas adjacent to and near the site, including
parks, trails, prime or unique farmlands.
ii. Plans. Describe planned land use as identified in comprehensive plan (if available) and
any other applicable plan for land use, water, or resources management by a local,
regional, state, or federal agency.
iii. Zoning, including special districts or overlays such as shoreland, floodplain, wild and
scenic rivers, critical area, agricultural preserves, etc.
b. Discuss the project’s compatibility with nearby land uses, zoning, and plans listed in Item
9a above, concentrating on implications for environmental effects.
c. Identify measures incorporated into the proposed project to mitigate any potential
incompatibility as discussed in Item 9b above.
The property currently consists of woodland, wetland, and lake. The surrounding properties to
the northeast and southwest consist of residential properties ranging between 0.5-to 1-acre. Lake
Owasso borders the property to the south/southeast.
The property is currently zoned as Low Density Residential – 1 (LDR-1) by the City of Roseville
Zoning Map. This zoning designation is designed to provide for a residential environment of
predominantly low-density, one-family dwellings. The minimum interior lot area is designated as
15,000 square feet and the minimum interior lot width is 100 feet. The minimum rear lot width is
45 feet. The total improvement area of the parcels is limited to 50% of the parcel. Since the
parcels are within the shoreland management district, the impervious surface area within the
improvement area cannot exceed 25% and a lot width of 100’ is required at the ordinary high
water level of Lake Owasso. The proposed project will meet all these requirements.
The City of Roseville 2040 Comprehensive Plan Future Land Use Map designates this area as
Low Density Residential. The proposed project is consistent with this land use.
10. Geology, soils, and topography/landforms

a. Geology – Describe the geology underlying the project area and identify and map any
susceptible geologic features such as sinkholes, shallow limestone formations,
unconfined/shallow aquifers, or karst conditions. Discuss any limitations of these features for the
project and any effects the project could have on these features. Identify any project designs or
mitigation measures to address effects to geologic features.
According to the Minnesota Geological Survey, depth to bedrock is in the range of 200 feet below
the existing ground surface within the limits of the project area. No known geologic hazards in
the form of sinkholes, faults, shallow limestone formations, and karst topography are present on
the site. Therefore, measures to avoid or minimize environmental problems due to these hazards
are not proposed.
b. Soils and topography – Describe the soils on the site, giving NRCS (SCS) classifications and
4
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descriptions, including limitations of soils. Describe topography, any special site conditions
relating to erosion potential, soil stability or other soils limitations, such as steep slopes, highly
permeable soils. Provide estimated volume and acreage of soil excavation and/or grading.
Discuss impacts from project activities (distinguish between construction and operational
activities) related to soils and topography. Identify measures during and after project
construction to address soil limitations including stabilization, soil corrections or other measures.
Erosion/sedimentation control related to stormwater runoff should be addressed in response to
the stormwater "water resources" question.
The property gently slopes to the southeast. The soils are a mixture of loams and organic soils
with moderate permeability.
Map
Symbol
132B
860C
1055

SCS Soils Classification
Hayden fine sandy loam, 2-6% slopes
Urban land-Hayden-Kingsley complex,
3-15% slopes
Aquolls and histosols, ponded

≈ Acres

% of site

3.5

52.9

1.7

26.1

1.4

20.9

Soils within the project limits are generally non-erodible and suitable for the proposed uses.
Mitigation based on typical erosion control and sedimentation regulations will be provided.
11. Water Resources

a. Describe surface water and groundwater features on or near the site in a.i. and a.ii. below.
i. Surface water - lakes, streams, wetlands, intermittent channels, and county/judicial ditches.
Include any special designations such as public waters, trout stream/lake, wildlife lakes,
migratory waterfowl feeding/resting lake, and outstanding resource value water. Include
water quality impairments or special designations listed on the current MPCA 303d Impaired
Waters List that are within 1 mile of the project. Include DNR Public Waters Inventory
number(s), if any.
Within the property there are two acres of existing waterbodies consisting of one Type 2
wetland and one DNR Public Water Basin. The DNR Public Water Basin is identified as
Lake Owasso and is located along the southeastern edge of the property. Lake Owasso has
been delisted from the MPCA 303d Impaired Waters list.
The Type 2 wetland was delineated by JD Donath, who is a certified wetland delineator. The
wetland boundary was reviewed by BWSR and Ramsey-Washington Metro Watershed
District (RWMWD). The wetland boundary was approved by RWMWD on April 28, 2021.
ii. Groundwater – aquifers, springs, seeps. Include: 1) depth to groundwater; 2) if project is
within a MDH wellhead protection area; 3) identification of any onsite and/or nearby wells,
including unique numbers and well logs if available. If there are no wells known on site or
nearby, explain the methodology used to determine this.
There are no known seeps or springs within the property. Based on the Geologic Atlas of
5
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Ramsey County, the static groundwater elevation in the vicinity of the property is
approximately 900 feet above mean sea level and the ground water generally flows to the
southeast. The USGS NWIS and Minnesota Geologic Survey CWI databases were reviewed
as part of the Phase I Environmental Site Assessment. No wells were identified on the
property by these databases.
b. Describe effects from project activities on water resources and measures to minimize or
mitigate the effects in Item b.i. through Item b.iv. below.
i. Wastewater – For each of the following, describe the sources, quantities and composition of
all sanitary, municipal/domestic, and industrial wastewater produced or treated at the site.
1) If the wastewater discharge is to a publicly owned treatment facility, identify any
pretreatment measures and the ability of the facility to handle the added water and waste
loadings, including any effects on, or required expansion of, municipal wastewater
infrastructure.
Sanitary sewer service has already been provided to the residential lots to be developed,
as the development would infill a current residential development. The source of
wastewater discharge from the site is expected to consist of the quantity and composition
of wastewater typical of 100% single-family residential homes.
ii. Stormwater - Describe the quantity and quality of stormwater runoff at the site prior to and
post construction. Include the routes and receiving water bodies for runoff from the site
(major downstream water bodies as well as the immediate receiving waters). Discuss any
environmental effects from stormwater discharges. Describe stormwater pollution prevention
plans including temporary and permanent runoff controls and potential BMP site locations to
manage or treat stormwater runoff. Identify specific erosion control, sedimentation control or
stabilization measures to address soil limitations during and after project construction.
The proposed project has been designed to meet the stormwater quantity and quality
standards and requirements set by the Ramsey-Washington Metro Watershed District
(RWMWD). Permanent stormwater BMPs have been designed to manage the site’s
stormwater runoff and include one underground filtration/storage system and one aboveground filtration basin. Catch basins and storm sewer pipes convey the stormwater runoff to
those systems. Temporary erosion and sediment control BMPs will be utilized during
construction to ensure disturbed soil does not run off the site to surface waters or storm
sewer.
iii. Water appropriation - Describe if the project proposes to appropriate surface or
groundwater (including dewatering). Describe the source, quantity, duration, use and purpose
of the water use and if a DNR water appropriation permit is required. Describe any well
abandonment. If connecting to an existing municipal water supply, identify the wells to be
used as a water source and any effects on, or required expansion of, municipal water
infrastructure. Discuss environmental effects from water appropriation, including an
assessment of the water resources available for appropriation. Identify any measures to avoid,
minimize, or mitigate environmental effects from the water appropriation.
No water appropriation will occur with the proposed project.
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iv. Surface Waters
1) Wetlands - Describe any anticipated physical effects or alterations to wetland features
such as draining, filling, permanent inundation, dredging and vegetative removal. Discuss
direct and indirect environmental effects from physical modification of wetlands,
including the anticipated effects that any proposed wetland alterations may have to the
host watershed. Identify measures to avoid (e.g., available alternatives that were
considered), minimize, or mitigate environmental effects to wetlands. Discuss whether
any required compensatory wetland mitigation for unavoidable wetland impacts will
occur in the same minor or major watershed and identify those probable locations.
A wetland delineation of the property was completed by a certified wetland delineator in
accordance with the 1987 US Army Corps of Engineers Wetland Delineation Manual and
the Northeast/ Northcentral Regional Supplement. . One wetland was identified fringing
Lake Owasso. The wetland delineation (boundary and report) was approved by the local
governing agency of the Minnesota Wetland Conservation Act, Ramsey-Washington
Metro Watershed District (RWMWD). The St. Paul District of the U.S. Army Corps of
Engineers (COE), which administers Section 404 of the Clean Water Act, were provided
a copy of the wetland delineation report. The COE determined that they do not have
jurisdiction of the delineated wetland and that a permit is not required from the COE for
the installation of the proposed docks.
Docks will be installed per the proposed plan by the individual property owners and HOA
at the time of construction. The applicant filed an application with the Minnesota
Department of Natural Resources (MDNR) for the proposed docks, Due to the proposed
docks meeting MDNR rules and guidelines, the MDNR permitted the proposed docks.
The proposed docks are not regulated by any other local, state, or federal agency and
therefore no other permits are needed for the docks.
2) Other surface waters- Describe any anticipated physical effects or alterations to surface
water features (lakes, streams, ponds, intermittent channels, county/judicial ditches) such
as draining, filling, permanent inundation, dredging, diking, stream diversion,
impoundment, aquatic plant removal and riparian alteration. Discuss direct and indirect
environmental effects from physical modification of water features. Identify measures to
avoid, minimize, or mitigate environmental effects to surface water features, including inwater Best Management Practices that are proposed to avoid or minimize
turbidity/sedimentation while physically altering the water features. Discuss how the
project will change the number or type of watercraft on any water body, including current
and projected watercraft usage.
All waters on the property have been discussed above.
12. Contamination/Hazardous Materials/Wastes

a. Pre-project site conditions - Describe existing contamination or potential environmental
hazards on or in close proximity to the project site such as soil or ground water contamination,
abandoned dumps, closed landfills, existing or abandoned storage tanks, and hazardous liquid or
gas pipelines. Discuss any potential environmental effects from pre-project site conditions that
would be caused or exacerbated by project construction and operation. Identify measures to
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avoid, minimize or mitigate adverse effects from existing contamination or potential
environmental hazards. Include development of a Contingency Plan or Response Action Plan.
A Phase I Environmental Site Assessment of the property was completed in January 2021. No
instances of existing contamination or potential environmental hazards were identified on the
property.
b. Project related generation/storage of solid wastes - Describe solid wastes generated/stored
during construction and/or operation of the project. Indicate method of disposal. Discuss
potential environmental effects from solid waste handling, storage, and disposal. Identify
measures to avoid, minimize or mitigate adverse effects from the generation/storage of solid
waste including source reduction and recycling.
Construction of the proposed project will result in the generation of solid waste and construction
waste material. All waste and unused building materials will be properly disposed of off-site.
During project operation, municipal solid waste will be hauled away by a local, licensed garbage
hauler and new residents will be encouraged to recycle.
c. Project related use/storage of hazardous materials - Describe chemicals/hazardous materials
used/stored during construction and/or operation of the project including method of storage.
Indicate the number, location, and size of any above or below ground tanks to store petroleum or
other materials. Discuss potential environmental effects from accidental spill or release of
hazardous materials. Identify measures to avoid, minimize or mitigate adverse effects from the
use/storage of chemicals/hazardous materials including source reduction and recycling. Include
development of a spill prevention plan.
During construction and operation of the project, vehicles containing fuel will be present on site.
Minimal amounts of gasoline may be stored on site in approved containers with secondary leak
protection. No hazardous materials are anticipated to be used or stored on site other than those
consistent with residential uses.
d. Project related generation/storage of hazardous wastes - Describe hazardous wastes
generated/stored during construction and/or operation of the project. Indicate method of disposal.
Discuss potential environmental effects from hazardous waste handling, storage, and disposal.
Identify measures to avoid, minimize or mitigate adverse effects from the generation/storage of
hazardous waste including source reduction and recycling.
Construction of the project will not involve the generation of hazardous waste.
13. Fish, wildlife, plant communities, and sensitive ecological resources (rare features)

a. Describe fish and wildlife resources as well as habitats and vegetation on or in near the
site.
b. Describe rare features such as state-listed (endangered, threatened, or special concern)
species, native plant communities, Minnesota County Biological Survey Sites of Biodiversity
Significance, and other sensitive ecological resources on or within close proximity to the site.
Provide the license agreement number (LA-____) and/or correspondence number (ERDB
#20190101) from which the data were obtained and attach the Natural Heritage letter from
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the DNR. Indicate if any additional habitat or species survey work has been conducted
within the site and describe the results.
c. Discuss how the identified fish, wildlife, plant communities, rare features and
ecosystems may be affected by the project. Include a discussion on introduction and spread
of invasive species from the project construction and operation. Separately discuss effects to
known threatened and endangered species.
d. Identify measures that will be taken to avoid, minimize, or mitigate adverse effects to
fish, wildlife, plant communities, and sensitive ecological resources.
The Minnesota Natural Heritage Information System was reviewed to determine if any
threatened, endangered, or rare species are present within the vicinity of the property. No
species were identified on property. However, the Rusty Patched Bumble Bee (Bombus
affinis) was identified on a property within 1-mile of the property in 1994. The Rusty Patched
Bumble Bee’s primary habitat consists of prairies, woodlands, and marshes with diverse
floral communities. Some important floral resources for the Rusty Patched Bumble Bee
include: Shooting Stars (Dodecatheon sp.), Blazing Stars (Liatris sp.), Coneflowers
(Echinacea sp.), and Gentians (Gentiana sp.). The subject properties are dominated by
Boxelder (Acer negundo), Silver Maple (Acer saccharinum), and Green Ash (Fraxinus
pennsylvanica) with a dense understory of Common Buckthorn (Rhamnus cathartica) and no
herbaceous floral layer. Due to the lack of floral resources, it is unlikely that Rusty Patched
Bumble Bee exists on the property and will be affected by the proposed project.
The U.S. Fish and Wildlife Service’s (USFWS) Information for Planning and Consultation
(IPaC) tool identifies the Northern Long-eared Bat (Myotis septentrionalis) (NLEB) as
potentially being within the vicinity of the property. The list of townships containing
documented NLEB maternity roost trees and/or hibernacula entrances in Minnesota, which
was updated by the Minnesota DNR and USFWS in June 2020, does not identify any
hibernacula or roost trees near the property. Since no maternity roost trees or hibernacula are
identified near the property it is unlikely that the project will negatively affect the NLEB.
The IPaC identifies nine migratory birds that utilize habitat within the vicinity of the
property. These include: the American Bittern (Botaurus lentiginosus), Bald Eagle
(Haliaeetus leucocephalus), Golden-winged Warbler (Vermivora chyrsoptera), Least Bittern
(Ixobrychus exilis), Red-headed Woodpecker (Melanerpes erthrocephalus), Rusty Blackbird
(Euphagus carolinus), Semipalmated Sandpiper (Calidris pusilla), Willow Flycatcher
(Empidonax traillii), and Wood Thrush (Hylocichla mustelina). Of these nine, the Rusty
Blackbird, Semipalmated Sandpiper, and the Golden-winged Warbler only use the area
during migration. Due to their limited use of the area, it is unlikely that these species will be
negatively affected by the project. The remaining species prefer unaltered habitats with
limited disturbance and the subject property is likely sub-prime habitat for them due to its
urban nature. Due to the urban nature of the site, it is unlikely that the proposed project will
negatively affect the remaining bird species.
In addition to the rare species mentioned above, Canada Geese (Branta canadensis), Painted
Turtles (Chyrsemys picta), and Common Loons (Gavia immer) are known to inhabit Lake
Owasso and the surrounding wetlands. Canada Geese and Painted Turtles are well adapted to
human environments and are commonly seen throughout the metro area. The proposed
9
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project is unlikely to negatively affect their populations.
Common loons prefer lakes with good water clarity, which makes it easier for them to chase
their prey. The water quality of Lake Owasso is between one to two meters. This is low when
compared to surrounding lakes such as White Bear Lake, East Vadnais Lake, and Turtle
Lake. Due to the reasons mentioned above it is unlikely that the proposed project will affect
the population of the Common Loon.
Contractors will follow proper cleaning and construction methods to prevent the spread of
invasive species.
14. Historic properties

Describe any historic structures, archeological sites, and/or traditional cultural properties on or in
close proximity to the site. Include: 1) historic designations, 2) known artifact areas, and 3)
architectural features. Attach letter received from the State Historic Preservation Office (SHPO).
Discuss any anticipated effects to historic properties during project construction and operation.
Identify measures that will be taken to avoid, minimize, or mitigate adverse effects to historic
properties.
The National Historic Register was reviewed for Historic Properties within one-mile of the
property. No historic properties were identified. A review of the cultural resources and
architectural features has been initiated with SHPO.
15. Visual

Describe any scenic views or vistas on or near the project site. Describe any project related
visual effects such as vapor plumes or glare from intense lights. Discuss the potential visual
effects from the project. Identify any measures to avoid, minimize, or mitigate visual effects.
Development of the project will change the visual landscape of the site and surrounding
area. The site consists of woodland and wetland areas, Lake Owasso is located along the east/
southeast property boundary. Full project build out will include houses, docks, driveways, and
landscaping. No vapor plumes or intense lighting is proposed. While the project will result in a
visual change to the site, design will be consistent with other development in the area. No
significant impacts are anticipated.
16. Air

a. Stationary source emissions - Describe the type, sources, quantities, and compositions of any
emissions from stationary sources such as boilers or exhaust stacks. Include any hazardous air
pollutants, criteria pollutants, and any greenhouse gases. Discuss effects to air quality including
any sensitive receptors, human health, or applicable regulatory criteria. Include a discussion of
any methods used assess the project’s effect on air quality and the results of that assessment.
Identify pollution control equipment and other measures that will be taken to avoid, minimize, or
mitigate adverse effects from stationary source emissions.
The proposed residential development is consistent with the surrounding land uses and will not
negatively affect air quality in the area.
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b. Vehicle emissions - Describe the effect of the project’s traffic generation on air emissions.
Discuss the project’s vehicle-related emissions effect on air quality. Identify measures (e.g.,
traffic operational improvements, diesel idling minimization plan) that will be taken to minimize
or mitigate vehicle-related emissions.
Motor vehicle emissions will be associated with vehicles traveling to and from the property site
and from construction equipment necessary for the proposed construction activities. The most
critical pollutant associated with vehicular traffic in Minnesota is carbon monoxide (CO). Carbon
monoxide (CO) is one of five vehicle emission pollutants for which the US Environmental
Protection Agency has standards. CO is a colorless, odorless, and tasteless toxic gas produced by
the incomplete burning of carbon in fuel. Concentrations of carbon monoxide are typically greatest
at intersections with poor levels of service because of excessive idling or acceleration of vehicles.
The existing concentration of carbon monoxide at the project location is considered to be low
because no part of Roseville has been identified as a Carbon Monoxide Level Non-Attainment
Location.
c. Dust and odors - Describe sources, characteristics, duration, quantities, and intensity of dust and
odors generated during project construction and operation. (Fugitive dust may be discussed
under item 16a). Discuss the effect of dust and odors in the vicinity of the project including
nearby sensitive receptors and quality of life. Identify measures that will be taken to minimize or
mitigate the effects of dust and odors.
The project will not generate significant odors during construction or operation. Odors generated
during construction will be mitigated by maintenance of the construction equipment to the
manufacturers’ specifications and by using appropriate fuel additives when necessary. Grading
and construction will temporarily generate dust. BMPs and other standard construction methods
will be used to reduce construction impacts such as intermittent applications of water to exposed
soils as needed to reduce dust during dry weather.
17. Noise

Describe sources, characteristics, duration, quantities, and intensity of noise generated during
project construction and operation. Discuss the effect of noise in the vicinity of the project
including 1) existing noise levels/sources in the area, 2) nearby sensitive receptors, 3)
conformance to state noise standards, and 4) quality of life. Identify measures that will be taken
to minimize or mitigate the effects of noise.
The temporary construction activities associated with proposed project will result in increased
noise levels relative to existing conditions. These temporary impacts will primarily be associated
with construction equipment. The contractor will work within allowable working hours
established by the city. The developer will follow the regulations established in the City’s Noise
Ordinance (City Code Section 405.03.D) during construction. Mitigation of the short-term noise
impacts can be managed through proper coordination and construction planning, and therefore
would not impact the quality of life within the surrounding area.

18. Transportation

a. Describe traffic-related aspects of project construction and operation. Include: 1) existing
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and proposed additional parking spaces, 2) estimated total average daily traffic generated, 3)
estimated maximum peak hour traffic generated and time of occurrence, 4) indicate source of trip
generation rates used in the estimates, and 5) availability of transit and/or other alternative
transportation modes.
Victoria Street North has an estimated 5,800 average daily trip rate according to MNDOT. The
ITE Trip Generation 10th Edition estimates just under ten (10) daily trips per single-family
residence, which would equal a total of seventy-seven (77) daily trips for this development. This
increase represents an increase of 1.3% in average daily traffic from existing conditions.
The Highway Classification Manuel, 6th Edition estimates a two-lane road without left-turn
lanes can handle approximately 1,000 trips per hour, for a total of 24,000 daily trips. An increase
of 77 trips from this development represents a 0.32% increase in road usage, well under design
capacity. Eight single-family houses will generate approximately six peak AM trips and eight
peak PM trips.
Metro Transit Route 227 runs along Victoria Street North but there are no bus stops adjacent to
the proposed development.
b. Discuss the effect on traffic congestion on affected roads and describe any traffic
improvements necessary. The analysis must discuss the project’s impact on the regional
transportation system.
If the peak hour traffic generated exceeds 250 vehicles or the total daily trips exceeds 2,500, a
traffic impact study must be prepared as part of the EAW. Use the format and procedures
described in the Minnesota Department of Transportation’s Access Management Manual,
Chapter 5 (available at: http://www.dot.state.mn.us/accessmanagement/resources.html) or a
similar local guidance.
The Roseville Comprehensive Plan identifies this as for future single-family development. The
existing road network can handle the small increase in daily traffic. No traffic improvements are
necessary.
c. Identify measures that will be taken to minimize or mitigate project related transportation
effects.
The small increase in traffic from this development is well within the design of Victoria Street
North. No changes are necessary to mitigate the increased traffic.
19. Cumulative potential effects

a. Describe the geographic scales and timeframes of the project related environmental effects
that could combine with other environmental effects resulting in cumulative potential
effects.
Any impacts to the environment will meet Federal, State, and Local regulation and will be
mitigated as required; therefore, it is not anticipated that impacts from the development create
any cumulative potential effect not already examine herein.
b. Describe any reasonably foreseeable future projects (for which a basis of expectation has
been laid) that may interact with environmental effects of the proposed project within the
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geographic scales and timeframes identified above.
No known development or redevelopment is planned adjacent to the proposed project site at this
time.
c. Discuss the nature of the cumulative potential effects and summarize any other available
information relevant to determining whether there is potential for significant
environmental effects due to these cumulative effects.
No known development or redevelopment is planned adjacent to the proposed project site at this
time. Development of the project is not anticipated to cause any future projects.
Continued development and redevelopment of the area is always a possibility, but any such
changes in land use on an adjacent site would be reviewed as required by the City, and if
necessary, a separate environmental review may need to be completed as a part of such a
redevelopment.
20. Other potential environmental effects

If the project may cause any additional environmental effects not addressed by items 1 to 19,
describe the effects here, discuss the how the environment will be affected, and identify
measures that will be taken to minimize and mitigate these effects.
No additional environmental effects have been identified.
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ATTACHMENT D

Bryan Lloyd
From:
Sent:
To:
Subject:

Cindy Walz
Monday, April 5, 2021 9:32 AM
RV Planning
Victoria Shores development

Caution: This email originated outside our organization; please use caution.

Dear Roseville Planning Commission,
Recently we learned of the Proposed Victoria Shores development. We are concerned for the loss of wetland,
loss of valuable trees for the environment, wildlife destruction and how this development could effect the
quality of Lake Owasso. We grew up in Roseville. After 29 years away we chose to move back to Lake Owasso.
In our 6 years here we have seen too many beautiful patches of woods destroyed for housing developments and
senior housing. We have also seen very questionable lakeshore landscaping and boathouse construction that is
detrimental to lake quality.
Please consider the impact this development will have on lake quality and the environment. It is very
concerning and must be addressed.
Thank you very much.
Sincerely,
Cynthia and Michael Walz
389 S. Owasso Blvd W.
Roseville MN 55113

Sent from my iPhone
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Please see the EAW question document.
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Bryan Lloyd
From:
Sent:

To:
Subject:

Ashley MacGregor
����
Monday, April 5, 2021 12:35 PM
RV Planning
Victoria Shores Development

Caution: This email originated outside our organization; please use caution.

Hi - as nearby residents, I am writing to oppose the proposed Victoria Shores Development.
The impact to the delicate south end of Lake Owasso is too much. We need to ensure we are
sustaining the unique assets of our community and not putting more strain on a
fragile ecosystem.
Please do not allow this land to be developed.
Thanks,
Ashley and Hal MacGregor
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Please see responses to question 7, 11
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Heidi Walz
3097 Sandy Hook Drive
Roseville MN 55113

Please see responses to question 7, 11
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Bryan Lloyd
From:
Sent:
To:
Subject:

June Rott
Monday, April 5, 2021 4:53 PM
RV Planning
Victoria Shores Development

Caution: This email originated outside our organization; please use caution.

We wish to register our opposition to the planned subject development, It appears that building 5 homes in
that area would require bringing in landfill and removing many trees, both are detrimental to the quality of Lake
Owasso water, and illegal. We also know that a previous owner of this property had attempted to do the same
and had not been allowed to do so. The present owner of this property is already attempting to sell homesites
there and we assume he is doing it without approval by Roseville, and illegally\ We own a home on Sandy
Hook Drive and have lived there for fifty years. Please stop this development from harming the quality of Lake
Owasso.
June and Don Rott
3115 Sandy Hook Drive
Roseville, MN 55113
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Please see responses to question 7, 11
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Bryan Lloyd
From:
Sent:

To:
Subject:

----~ -�����-c""c

Jean Eide
Tuesday, April 6, 2021 3:21 PM
RV Planning
Victoria Shores

Caution: This email originated outside our organization; please use caution.
I am a homeowner on Lake Owasso. I am writing to express my concern regarding the proposed development
along Victoria that will be discussed at the Planning Commission Meeting on Wednesday night. I ask that the
Planning Commission put the health and water quality of Lake Owasso first, as they consider the proposed
plat. Lake Owasso is a City asset and the health of the lake is therefore a concern for all residents of Roseville.
My concern about this development is the potential for negative impacts on the lake and the entire watershed
district. I am concerned that there no reports from the watershed district or DNR included in the Planning
Commission Packet. Lakeshore improvements, even modest ones, are regulated by these
authorities. Rebuilding shoreline riprap, weed removal, boathouses, sheds, patios, etc., are all closely
monitored. The impact of most of these property improvements would have significantly less impact on the
lake and water quality than the development proposed here. These natural wetlands should not be disturbed.
While I agree that the property owner should have the right to develop their property, they should do so within
the confines of the existing zoning and lot delineation, and in accordance with all rules and regulations that
apply to lakeshore development in Minnesota, Ramsey County and the Watershed District. The existing
lakeshore lots appear to all be buildable without modification. There is no need to modify the plat to allow for
additional homes, or access to the lake through the wetland for homes on the west side of Victoria. Public
access to the lake is readily available.
Water quality in Lake Owasso has been an ongoing concern for the over 20 years that I have lived on the
lake. The wetlands on this end of the lake contribute significantly to water filtration and quality. It appears that
all 6 of the new docks would extend at least 100 feet through the delineated wetland to the reach ordinary high
water mark. To be useable, the docks would have to extend well beyond that, disturbing even more plant
life. These wetlands impact the water quality of Lake Owasso, Lake Wabasso and beyond. Plant life, that
impacts water quality will almost certainly be disturbed by these docks and their installation and removal. Plant
life will be further eroded as boats are operated through the area.
I urge you to deny the plat request. The parcels can be developed without the re-plat.
Thank you for your consideration.
Jean Eide
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Please see responses to question 7, 11, 13, 18
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Bryan Lloyd
From:
Sent:
To:
Subject:

Harriet Flashinski
Tuesday, April 6, 2021 6:31 PM
RV Planning
10 acre development on Lake Owasso

Caution: This email originated outside our organization; please use caution.

Hello, I am very concerned about the amount of green space that has been developed in the last 5 years in the
city of Roseville. In my neighborhood alone, two buildings on the Lexington from Woodhill to the corner of
Lexington and C have displaced trees and wildlife. Also the new development on the corner of C2 and Lexington
has taken a large green space out of the neighborhood. There has been a large loss of green space due to
building along Dale Street both north and south of C. These are a small fraction of the land lost forever to
buildings rather then preserving green space in the Roseville area in a short period of time.
The proposed development on Lake Owasso is of even greater concern because it directly effects the wetlands
that help preserve the quality of the lake. It also brings a question of traffic safety on Victoria with having so
many homes in such a small section of that narrow road.
I believe one of the reasons that people move to Roseville is the amount of green space and lakes that are clean
enough to support water recreation. The livability of Roseville is being jeopardized by the usurping of green
space for building sites. Please do not approve the building of the homes in this plan. Help keep Roseville great.
Harriet Flashinski
2730 Oxford St N
Roseville MN
Sent from my iPad
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Please see responses to question 7, 11, 13
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Please see responses to question 7, 9, 11, 13, 18
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Dear Roseville Planning Commission, City Planners, and Developers:
I recently learned about the proposed Victoria Shores development through a real estate
advertisement marketing five $1.35 million dollar homes on Lake Owasso as if they were a done
deal (see: https://www.redfin.com/MN/St-Paul/xxx3-Victoria-St-N-55113/home/174770058 ). As
a Lake Owasso resident and avid user of the lake for almost 40 years, the idea of building five
million dollar homes (with lake access) and easement right on top of a PEM1C Freshwater
Emergent Wetland habitat is deeply concerning. The impact it would have on the South End, as
well as lake wide water quality, water levels/flooding, wildlife habitat, aesthetics of the area and
safety of residents will be far more significant than what is captured in the current report. I
strongly encourage the Planning Commission to reject this plan as proposed or at
minimum delay approval until further impact study and input from affected parties
beyond just neighbors within 500 feet can be considered.

Since I was a child I’ve been paddling to the South End of Lake Owasso. Over time I’ve come to
appreciate its incredibly diverse flora and fauna and its importance to the overall health of the
lake. In this area we regularly spot turtles, bald eagles, hawks, loons, egrets, herrons, a variety
of duck species, muskrat and of course fish. During migration seasons we’ve occasionally seen
swans and even sandhill cranes rest here. Loons regularly nest in the area and successfully
raise young. Water lilies abound. Dense native aquatic plants and shoreland trees and shrubs
provide much needed filtration for the entire lake improving water quality for all. Especially given
it’s metro location this wetland is an essential, increasingly scarce habitat that simply must be
preserved.
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After reading the 7A REPORT AND ATTACHMENTS.PDF I have the following specific questions
and concerns.
Can we vs Should we?
For starters it seems like most of the report focuses on whether or not the proposal is legal and
complies with city code and ordinances. Is anyone considering the bigger picture? In other
words just because we could legally develop this area, does it mean we should? Every time a
request comes in to split up a parcel, if all boxes are checked, do we just allow it? What about
overcrowding? What will our city look like in 50 or a 100 years from now when every parcel is
split up to the nth degree?
Lot Shape
I specifically disagree with the Planning Division finding that the proposed lot shapes are
acceptable. Lots are supposed to be “simple, regular shapes” and these are not. The proposed
lots are shaped like hockey sticks in order to divide up a small amount of lakefront with too
many lots. If these lots were even somewhat regular (i.e. rectangular) shaped several would not
even touch the lake. The primary exterior boundary is Victoria Ave which is straight and regular
therefore the standard’s exception does not apply. This matters because there are many
regulations such as weed treatment and channel cutting that apply per lot. If this remains one
lake lot then at most one 15’ foot boat channel can be cut and 100’ can be treated. But as drawn
five 15’ channels could be
cut...in this area, this is a lot
of square footage! Accepting
these hockey stick shaped
lots as drawn will contribute
to the demise of this wetland.
Please consider reducing the
number of lots, designating
the northern lots as lake view
(not lakeshore with lake
access), and making them
simple shapes as illustrated
at right.
Furthermore, please consider
changing the misleading
name of this development
from Victoria Shores to
Victoria Marsh.
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Tree Removal/Flooding Mitigation
You don’t need to be an arborist to know that trees suck up water. Even trees that are “exempt”
from your inventory drink water and in case you are not aware in recent years Lake Owasso and
the rest of our watershed has been pretty full. We can only push so much water downstream. As
our planet warms and rain events become more severe this problem will only worsen. There are
many low lying homes on Heinel Dr and Sandy Hook and elsewhere downstream where
flooding is a real concern that we must work to prevent. Removal of trees now with no obligation
to replace them is unacceptable. This is a unique situation especially given the clear cutting that
happened by a previous owner on the adjacent lot to the West that to this day remains
unmitigated. We need to connect the dots here and consider the bigger picture not just what will
occur within the boundaries of this site. I am concerned that even if this developer is well
intended their intentions may be lost as the lots are sold to builders and eventually to
homeowners who may have different ideas when it comes to trees as well as deep pockets to
pay any fines that may be assessed as additional trees “disappear”.
The report states Roseville’s consulting forester has recognized that many of the trees on the
site are protected from removal by virtue of being within existing wetland areas adjacent to the
lake...do none of these trees grow where building is planned? Or does this plan somehow
manage to work around these trees? This is not clear.

Park Dedication
I cannot understand or agree with the PRC recommendation to accept $21,250 in lieu of land.
Clearly the value of half an acre of land--especially lakeshore in a scarce wetland area far
exceeds $21k. Half an acre of land conserved as undeveloped greenspace would be invaluable
when it comes to preservation and conservation. We’ve lost so much forest in Roseville in
recent years along County Rd C and elsewhere, these woods along Victoria are some of the last
remaining habitat and corridors for deer, coyote, etc. Accepting such a small amount of money
relative to the size and value of the proposed development is incredibly short-sighted and
further contributes to the wetlands demise.

Impervious surface
What is the total square footage of proposed impervious surface including homes, sidewalks,
driveways with turnarounds for? How can the stormwater runoff it will cause possibly be
contained? What would such an infiltration system even look like?
The developer wants to maintain a wooded feel but what’s to stop homeowners from planting
turf, using fertilizers and landscaping unnaturally once they move in? When they find out the
swimming is not good on the South End will they be allowed to build swimming pools? All of
these things are very common in developments made of homes that exceed one million dollars.

ATTACHMENT D

In fact there’s one such development near me where the infiltration pond has been drained and
used as an access road for pool installers and landscapers to access backyards 3 of the last 5
years rendering it useless for flitration and requiring plants to start over each time they finish.
Please consider reducing the number of homes allowed to build here or otherwise restrict the
allowed impervious surface.
Safety
Is increased foot traffic across Victoria Ave (technically a Highway, with a speed limit of 40mph
that is often exceeded) going to be safe? If no parking zone is enacted where will overflow
parking occur when homeowners host grad parties or invite all their friends over on the 4th of
July? Will delivery trucks be able to turn around in driveways or will they need to back out onto
Victoria?
Conditional Use for Easement
How is a gated three slip dock (with potential to get bigger because no one can enforce this) not
going to be injurious to neighboring property values? Who would rather see an unwelcoming,
man--made marina with private property signs posted than greenspace every time you pass on
Victoria or by water? I encourage planning staff to reconsider their analysis, especially items 4 &
5. There is clear potential for negative impact to traffic, safety, and property values.
Wetland Conservation
Does this project comply with all Wetland Conservation Act Rules? Does the Army Corp of
Engineers have any jurisdiction over this area--is an NWP or ACE Section 401 or 404 permit as
necessary? What about MPCA? Has DNR or Watershed district issued any written statements
or preliminary reviews? Who advocates for our wetlands if our city isn’t going to?
When will the “Additional information [that] is required from the developer on temporary and
permanent wetland and wetland buffer impacts due to the proposed docks to serve Lots 1-5” be
provided?
Developer Credibility
How credible is this developer? Do you have a history of working together? I find it concerning
that they would tell neighbors in January that the homes would cost 750k to 1mil and then post
them on MLS in March for $1,350,000. It also seems unprofessional to use a free yahoo.com
email address to accept public questions/comments regarding such high dollar development.
Lastly, who profits from this project? Does the city seek to earn significantly more tax revenue
per each home that is built or what is the motivation to approve such a split knowing there’s
risks and environmental consequences?

ATTACHMENT D

I will be attending the public hearing and wish I had been invited to the virtual open house
meeting on 1/21/2021. Please consider at least notifying the Lake Owasso Association in the
future so information can be disseminated to all of us who will be impacted by such significant
projects as this.
Again, I encourage the Planning Commission to reject this plan as proposed or at minimum
delay approval until further impact study and input from affected parties beyond just neighbors
within 500 feet can be considered.
Sincerely,
Andrew Walz
3097 Sandy Hook Dr
Roseville, MN

P.S. Attached are a few photos of some of the Lake Owasso wildlife I mentioned whose habitat
is at stake.

Trumpeter Swans on Owasso.
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Painted turtle, South End of Owasso.

Sandhill Crane, South End of Owasso.
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Please see responses to question 7, 11, 13
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Please see responses to question 7, 11, 13
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ATTACHMENT D
integrity of the lake is written on a per lot basis. Some of these
items include but are not limited to aquatic weed removal and
management, dock space and coverage, shoreline alteration,
etc. Unfortunately the intended support to protect the lake with
these regulations loses its affect when the shoreline lot size
gets divided too small giving impact by more lots that can add
up to a large problem.....unfortunately at that point it is too late.
The existing easements on the lake are already expanding
rapidly putting excessive pressure on the lake with what seems
like very little regulation of their use when it comes to dock,
mooring area, and respectful use when comes to
noise,entertainment, and traffic flow relating to such
easements. We need to more fully understand the impacts of
such a proposal before moving forward. I ask the planning
commission to please not the support to project as proposed
until further analysis and impact study to a broader audience
has been considered.
Thank you for the opportunity to provide input.

Unless restricted by law, all correspondence to and from Roseville City government
offices, including information submitted through electronic forms such as this one,
may be public data subject to the Minnesota Data Practices Act and/or may be
disclosed to third parties.
Email not displaying correctly? View it in your browser.
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Please see responses to question 7, 11, 13, 18
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Please see the attached narrative.
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Melvin Brown Moore
Builders Lot Group, LLC
9531 West 78th Street, Suite 135
Eden Prairie, Minnesota 55344
melvin@builderslotgroup.com
May 7th, 2021
Dear Mr. Moore,
I wish to inform you and Builders Lot Group, LLC, the project proposer for the Victoria Shores
development on Lake Owasso, that an environmental review petition request has been
submitted to the Minnesota EQB. To date over 800 Minnesota residents have signed our petition
stating many reasons for concern of potential environmental effects. Wildlife displacement,
wetland destruction, tree removal, flooding, and water quality reduction resulting from
construction of eight homes, introduction of human activity in the wetland and increased boat
traffic are of paramount concern.
I know that your engineers have designed this project to comply with the city of Roseville zoning
ordinances and are working to comply with RWMWD and DNR requirements. Roseville does not
require an environmental assessment for residential development but we believe the truly
unique nature of this site warrants one, hence our request.
Sincerely,

Andrew Walz
Petitioner’s Representative
CC: Environmental Quality Board, 520 Lafayette Road North Saint Paul, MN 55155
(Env.Review@state.mn.us)

Please see the responses to question 7, 9, 11, 13
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May 13, 2021
Mayor Dan Roe
City of Roseville
2660 Civic Center Drive
Roseville, MN 55113
Patrick J. Trudgeon, City Manager
City of Roseville
2660 Civic Center Drive
Roseville, MN 55113
Re: DNR Comments on Victoria Shores Preliminary Plat and Conditional Use Permit Application
Dear Messrs. Rose and Trudgeon,
It is my understanding that the City Council will soon vote to consider approval of the Victoria Shores
Preliminary Plat and Conditional Use Permit (CUP) application. DNR has heard from multiple residents who are
reasonably concerned that this proposed development will negatively impact Lake Owasso. In response, DNR
has reviewed the Preliminary Plat and CUP application posted on your website for compliance with the City’s
shoreland management ordinance (City Code Ch. 1017) and consistency with the state’s shoreland management
rules (Minn. R. 6105.2500-.3900).
DNR’s review indicates the Preliminary Plat application is incomplete and requires a variance. Therefore, DNR
strongly recommends the City Council deny this application. We also encourage the City to work with the
applicant to negotiate a modified proposal that significantly reduces impacts to Lake Owasso.
Findings of DNR’s Review of Victoria Shores Application
We note that City Code Ch. 1017.04(B) states the City “intends to determine, control and guide future
development within and surrounding those land areas which are contiguous to designated bodies of public
waters” such as Lake Owasso. Specifically, the City purports to “regulate the area of a lot and the length of water
frontage suitable for a building site,” to “maintain existing aquatic, vegetation and wildlife conditions to the
maximum extent possible,” and to “regulate the use and subdivision of land within the corporate limits as it
relates to public waters.”
The Victoria Shores site is located within the shoreland district for Lake Owasso, a public water classified by both
DNR and the City as a General Development Lake. The preliminary plat application, therefore, must comply with
the applicable City regulations for shoreland. City Code Ch. 1017.23 details the subdivision and platting
provisions within shoreland. The Victoria Shores application does not contain the required land suitability

ATTACHMENT D
analysis and does not include the minimum information required to determine land suitability, as detailed in Ch.
1017.23, parts A and C. Therefore, the application is incomplete. Of particular importance for the Victoria
Shores site, the suitability analysis is required to consider “near-shore aquatic conditions unsuitable for waterbased recreation” and “important fish and wildlife habitat.” The minimum information requirements include
information on “near-shore aquatic conditions, including depths, types of bottom sediments, and aquatic
vegetation.”
The five riparian lots on the preliminary plat do not meet the minimum lot width requirements in City Code Ch.
1017.14 and 1017.15. The minimum lot width for riparian lots on General Development Lakes is 100 feet for
single-family residences. City Code Ch. 1017.15 requires that minimum lot width standards in shoreland “shall
be met at both the ordinary high water level and at the building line.” While the lot width standards are met at
the building line, they are not met at the ordinary high water level of Lake Owasso. Therefore, a variance is
required.
Recommended Modifications to Significant Reduce Impacts to Lake Owasso
The Victoria Shores site is located adjacent to the shallow southern portion of Lake Owasso and it includes a
large area of wetland fringe. The wetland fringe extends both above and below the ordinary high water level of
the lake. The shallow portions of lakes and the associated wetland fringe provide critical habitat for fish and
wildlife, particularly waterfowl. Given their shallow water depth and extensive emergent, floating-leaf, and
submergent vegetation, these areas are not well-suited for water-based recreation.
As currently proposed, the Victoria Shores development would divvy-up one of the last remaining ecologically
sensitive wetland fringe areas of Lake Owasso with multiple, narrow riparian lots converging along a curved
shoreline. With riparian rights, the riparian lot owners will be able, without a DNR permit, to install multiple
beaches, access paths, docks, and platforms that will negatively affect the valuable aquatic, vegetation, and
wildlife conditions in this sensitive portion of the lake.
To protect this sensitive area consistent with City Code Ch. 1017, while allowing the applicant to develop the
land, DNR recommends the following solution:
•
•

•

Re-plat the riparian lots so they are not riparian, thus eliminating riparian rights, including the right to
access the lake via docks.
Permanently protect the wetland area in Lots 1-5 through a conservation easement or through
restrictions in the Covenant, Code and Restrictions (CC&R) document developed for the homeowners
association and approved by the City.
Provide all lots located east of Victoria Street with a single point of lake access through the commonly
owned controlled access lot.

Thanks for your cooperation and consideration of DNR’s comments. If you have any questions, please contact
me at daniel.scollan@state.mn.us.
Sincerely,
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Dan Scollan
DNR East Metro Area Hydrologist
CC:

John (Jack) Gleason, DNR South District Hydrologist Supervisor
Dan Petrik, DNR Lake & River Shoreland Program Manager
Nicole Soderholm, Ramsey-Washington Metro Watershed District
Bryan Lloyd, Senior Planner - City of Roseville

ATTACHMENT E

From: Bryan Lloyd <Bryan.Lloyd@cityofroseville.com>
Sent: Tuesday, March 9, 2021 10:21 AM
To: Scollan, Daniel (DNR) <daniel.scollan@state.mn.us>
Subject: Controlled Access Lot at Victoria Shores
This message may be from an external email source.
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security Operations Center.

Hi, Dan.
As I mentioned in a previous email, this in another project being proposed that has a homeowners’ association providing
shared access to Lake Owasso (this time) on a Controlled Access Lot. Please let me know what concerns or requirements
MN DNR would like to share with Roseville as this proposal moves forward.
We’ll be sending public hearing notices in a couple weeks, but I’m sending this information now so there’s more time to
respond.
Bryan
___________________________________________________________________________________

Bryan Lloyd, AICP (he, him, his) | Senior Planner | City of Roseville
2660 Civic Center Drive | Roseville, MN 55113
651‐792‐7073
Facebook | Twitter | YouTube
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ATTACHMENT F
Bryan Lloyd
From:
Sent:
To:
Subject:
Attachments:

Scollan, Daniel (DNR) <daniel.scollan@state.mn.us>
Monday, March 29, 2021 12:45 PM
Bryan Lloyd
RE: Controlled Access Lot at Victoria Shores
RE: Confirmation that Private Docks are Allowed at Victoria Shores Development, Lake
Owasso, Roseville, Ramsey County; Dock Plan.pdf; RE: Proposed "Controlled Access" on
McCarrons Lake in Roseville

Caution: This email originated outside our organization; please use caution.

Hello Bryan,
I apologize for my slow response to your email.
I received the attached dock plan from the Victoria Shores developer, and provided the attached email
response.
The developer indicates that the Controlled Access Lot with a dock will be shared by the three proposed
nonriparian properties west of Victoria Street. The number of properties sharing the controlled access lot (3) is
much less than at The Enclave at McCarrons Lake (20). However, our comments on the Victoria Shores are
similar to comments for The Enclave (see attached email).
I recommend the City negotiate an agreement with the developer that limits the number of mooring spaces
allowed at the Controlled Access Lot. For future situations that may arise, I suggest amending the City’s
shoreland ordinance to substantially comply with the provisions in DNR’s model shoreland ordinance. See this
webpage for information on adopting and amending shoreland ordinances.
Best Regards,
Dan Scollan
Interim East Metro Area Hydrologist – Ramsey and Washington Counties
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
1200 Warner Road
St. Paul, MN 55106
Phone: 651‐259‐5754
Cell: 651‐249‐7759
Fax: 651‐772‐7977
Email: daniel.scollan@state.mn.us
mndnr.gov
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ATTACHMENT G

May 13, 2021
Mayor Dan Roe
City of Roseville
2660 Civic Center Drive
Roseville, MN 55113
Patrick J. Trudgeon, City Manager
City of Roseville
2660 Civic Center Drive
Roseville, MN 55113
Re: DNR Comments on Victoria Shores Preliminary Plat and Conditional Use Permit Application
Dear Messrs. Rose and Trudgeon,
It is my understanding that the City Council will soon vote to consider approval of the Victoria Shores
Preliminary Plat and Conditional Use Permit (CUP) application. DNR has heard from multiple residents who are
reasonably concerned that this proposed development will negatively impact Lake Owasso. In response, DNR
has reviewed the Preliminary Plat and CUP application posted on your website for compliance with the City’s
shoreland management ordinance (City Code Ch. 1017) and consistency with the state’s shoreland management
rules (Minn. R. 6105.2500-.3900).
DNR’s review indicates the Preliminary Plat application is incomplete and requires a variance. Therefore, DNR
strongly recommends the City Council deny this application. We also encourage the City to work with the
applicant to negotiate a modified proposal that significantly reduces impacts to Lake Owasso.
Findings of DNR’s Review of Victoria Shores Application
We note that City Code Ch. 1017.04(B) states the City “intends to determine, control and guide future
development within and surrounding those land areas which are contiguous to designated bodies of public
waters” such as Lake Owasso. Specifically, the City purports to “regulate the area of a lot and the length of water
frontage suitable for a building site,” to “maintain existing aquatic, vegetation and wildlife conditions to the
maximum extent possible,” and to “regulate the use and subdivision of land within the corporate limits as it
relates to public waters.”
The Victoria Shores site is located within the shoreland district for Lake Owasso, a public water classified by both
DNR and the City as a General Development Lake. The preliminary plat application, therefore, must comply with
the applicable City regulations for shoreland. City Code Ch. 1017.23 details the subdivision and platting
provisions within shoreland. The Victoria Shores application does not contain the required land suitability
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analysis and does not include the minimum information required to determine land suitability, as detailed in Ch.
1017.23, parts A and C. Therefore, the application is incomplete. Of particular importance for the Victoria
Shores site, the suitability analysis is required to consider “near-shore aquatic conditions unsuitable for waterbased recreation” and “important fish and wildlife habitat.” The minimum information requirements include
information on “near-shore aquatic conditions, including depths, types of bottom sediments, and aquatic
vegetation.”
The five riparian lots on the preliminary plat do not meet the minimum lot width requirements in City Code Ch.
1017.14 and 1017.15. The minimum lot width for riparian lots on General Development Lakes is 100 feet for
single-family residences. City Code Ch. 1017.15 requires that minimum lot width standards in shoreland “shall
be met at both the ordinary high water level and at the building line.” While the lot width standards are met at
the building line, they are not met at the ordinary high water level of Lake Owasso. Therefore, a variance is
required.
Recommended Modifications to Significant Reduce Impacts to Lake Owasso
The Victoria Shores site is located adjacent to the shallow southern portion of Lake Owasso and it includes a
large area of wetland fringe. The wetland fringe extends both above and below the ordinary high water level of
the lake. The shallow portions of lakes and the associated wetland fringe provide critical habitat for fish and
wildlife, particularly waterfowl. Given their shallow water depth and extensive emergent, floating-leaf, and
submergent vegetation, these areas are not well-suited for water-based recreation.
As currently proposed, the Victoria Shores development would divvy-up one of the last remaining ecologically
sensitive wetland fringe areas of Lake Owasso with multiple, narrow riparian lots converging along a curved
shoreline. With riparian rights, the riparian lot owners will be able, without a DNR permit, to install multiple
beaches, access paths, docks, and platforms that will negatively affect the valuable aquatic, vegetation, and
wildlife conditions in this sensitive portion of the lake.
To protect this sensitive area consistent with City Code Ch. 1017, while allowing the applicant to develop the
land, DNR recommends the following solution:
•
•

•

Re-plat the riparian lots so they are not riparian, thus eliminating riparian rights, including the right to
access the lake via docks.
Permanently protect the wetland area in Lots 1-5 through a conservation easement or through
restrictions in the Covenant, Code and Restrictions (CC&R) document developed for the homeowners
association and approved by the City.
Provide all lots located east of Victoria Street with a single point of lake access through the commonly
owned controlled access lot.

Thanks for your cooperation and consideration of DNR’s comments. If you have any questions, please contact
me at daniel.scollan@state.mn.us.
Sincerely,
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Dan Scollan
DNR East Metro Area Hydrologist
CC:

John (Jack) Gleason, DNR South District Hydrologist Supervisor
Dan Petrik, DNR Lake & River Shoreland Program Manager
Nicole Soderholm, Ramsey-Washington Metro Watershed District
Bryan Lloyd, Senior Planner - City of Roseville

ATTACHMENT H

Minnesota Wetland Conservation Act
Notice of Decision
Local Government Unit: Ramsey-Washington Metro Watershed District (RWMWD) County: Ramsey
Applicant Name: Melvin Moore (Builders Lot Group) Applicant Representative: Laura Wehr (AE2S)
Project Name: Victoria Shores No Loss
LGU Project No. (if any):
21-04 WCA
Date Complete Application Received by LGU: 3/26/2021
Date of LGU Decision: 4/6/2021
Date this Notice was Sent: 4/6/2021
WCA Decision Type - check all that apply
☐Wetland Boundary/Type ☐Sequencing
☐Replacement Plan
☐Bank Plan (not credit
purchase)
☒No-Loss (8420.0415)
☐Exemption (8420.0420)
Part: ☒ A ☐ B ☐ C ☐ D ☐ E ☐ F ☐ G ☐ H
Subpart: ☐ 2 ☐ 3 ☐ 4 ☐ 5 ☐ 6 ☐ 7 ☐ 8 ☐ 9
Replacement Plan Impacts (replacement plan decisions only)
Total WCA Wetland Impact Area:
Wetland Replacement Type: ☐ Project Specific Credits:
☐ Bank Credits:
Bank Account Number(s):
Technical Evaluation Panel Findings and Recommendations (attach if any)
☐ Approve ☐ Approve w/Conditions ☐ Deny ☒ No TEP Recommendation
LGU Decision
☒ Approved with Conditions (specify below)1
☐ Approved1
☐ Denied
List Conditions: Ensure all other applicable permitting is completed for this project, including wetland
boundary approval (under review), RWMWD grading permit including wetland buffer impact plan (under
review), DNR, etc.
Decision-Maker for this Application: ☒ Staff ☐ Governing Board/Council ☐ Other:
Decision is valid for: ☒ 5 years (default) ☐ Other (specify):
1

Wetland Replacement Plan approval is not valid until BWSR confirms the withdrawal of any required wetland bank credits. For projectspecific replacement a financial assurance per MN Rule 8420.0522, Subp. 9 and evidence that all required forms have been recorded on
the title of the property on which the replacement wetland is located must be provided to the LGU for the approval to be valid.

LGU Findings – Attach document(s) and/or insert narrative providing the basis for the LGU decision1.
☐ Attachment(s) (specify):
☒ Summary: Dock structures do not meet the definition of fill per MN Rule 8420.0111, thus there is no
proposed impact to the wetland.

1

Findings must consider any TEP recommendations.

Attached Project Documents
BWSR NOD Form – November 5, 2019

1
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☐ Site Location Map ☒ Project Plan(s)/Descriptions/Reports (specify): Joint Application

Appeals of LGU Decisions
If you wish to appeal this decision, you must provide a written request within 30 calendar days of the date you
received the notice. All appeals must be submitted to the Board of Water and Soil Resources Executive Director
along with a check payable to BWSR for $500 unless the LGU has adopted a local appeal process as identified
below. The check must be sent by mail and the written request to appeal can be submitted by mail or e-mail.
The appeal should include a copy of this notice, name and contact information of appellant(s) and their
representatives (if applicable), a statement clarifying the intent to appeal and supporting information as to why
the decision is in error. Send to:
Appeals & Regulatory Compliance Coordinator
Minnesota Board of Water & Soils Resources
520 Lafayette Road North
St. Paul, MN 55155
travis.germundson@state.mn.us

Does the LGU have a local appeal process applicable to this decision?
☐ Yes1
☒ No
If yes, all appeals must first be considered via the local appeals process.

1

Local Appeals Submittal Requirements (LGU must describe how to appeal, submittal requirements, fees, etc. as applicable)

Notice Distribution (include name)
Required on all notices:
☒ SWCD TEP Member: Mike Schumann (Ramsey County)

☒ BWSR TEP Member: Ben Meyer

☐ LGU TEP Member (if different than LGU contact):
☒ DNR Representative: Leslie Parris, Jason Spiegel, Dan Scollan
☐ Watershed District or Watershed Mgmt. Org.:
☒ Applicant (notice only):
☒ Agent/Consultant (notice only):

Optional or As Applicable:
☒ Corps of Engineers:
☐ BWSR Wetland Mitigation Coordinator (required for bank plan applications only):
☐ Members of the Public (notice only):
☒ Other: Justin Klabo, Carmen Syverson, Eric

Luth, dwayne@gmx.com
Signature:

Date:
4/6/2021

This notice and accompanying application materials may be sent electronically or by mail. The LGU may opt to send a
summary of the application to members of the public upon request per 8420.0255, Subp. 3.

BWSR NOD Form – November 5, 2019
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Minnesota Wetland Conservation Act
Notice of Decision
Local Government Unit: Ramsey-Washington Metro Watershed District (RWMWD) County: Ramsey
Applicant Name: Melvin Brown Moore (Builders Lot Group, LLC) Applicant Representative: Todd Ullom
(Sambatek)
Project Name: Victoria Shores
LGU Project No. (if any):
21-03 WCA
Date Complete Application Received by LGU: 3/15/2021
Date of LGU Decision: 4/28/2021
Date this Notice was Sent: 5/4/2021
WCA Decision Type - check all that apply
☒Wetland Boundary/Type ☐Sequencing
☐Replacement Plan
☐Bank Plan (not credit
purchase)
☐No-Loss (8420.0415)
☐Exemption (8420.0420)
Part: ☐ A ☐ B ☐ C ☐ D ☐ E ☐ F ☐ G ☐ H
Subpart: ☐ 2 ☐ 3 ☐ 4 ☐ 5 ☐ 6 ☐ 7 ☐ 8 ☐ 9
Replacement Plan Impacts (replacement plan decisions only)
Total WCA Wetland Impact Area:
Wetland Replacement Type: ☐ Project Specific Credits:
☐ Bank Credits:
Bank Account Number(s):
Technical Evaluation Panel Findings and Recommendations (attach if any)
☒ Approve ☐ Approve w/Conditions ☐ Deny ☐ No TEP Recommendation
LGU Decision
☐ Approved with Conditions (specify below)1
List Conditions:

☒ Approved1

☐ Denied

Decision-Maker for this Application: ☒ Staff ☐ Governing Board/Council ☐ Other:
Decision is valid for: ☒ 5 years (default) ☐ Other (specify):
1

Wetland Replacement Plan approval is not valid until BWSR confirms the withdrawal of any required wetland bank credits. For projectspecific replacement a financial assurance per MN Rule 8420.0522, Subp. 9 and evidence that all required forms have been recorded on
the title of the property on which the replacement wetland is located must be provided to the LGU for the approval to be valid.

LGU Findings – Attach document(s) and/or insert narrative providing the basis for the LGU decision1.
☐ Attachment(s) (specify):
☒ Summary: Ben Meyer (BWSR) and Nicole Soderholm (RWMWD-LGU) completed a field review of the
delineation with JD Donath (Sambatek) on 4/20/21. No changes were requested to the delineation,
however TEP requested a revised delineation figure with topo and OHW overlayed. This revised figure was
received 4/22/21, see attached.
1

Findings must consider any TEP recommendations.

Attached Project Documents
BWSR NOD Form – November 5, 2019
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☐ Site Location Map ☒ Project Plan(s)/Descriptions/Reports (specify): Revised delineation figure

Appeals of LGU Decisions
If you wish to appeal this decision, you must provide a written request within 30 calendar days of the date you
received the notice. All appeals must be submitted to the Board of Water and Soil Resources Executive Director
along with a check payable to BWSR for $500 unless the LGU has adopted a local appeal process as identified
below. The check must be sent by mail and the written request to appeal can be submitted by mail or e-mail.
The appeal should include a copy of this notice, name and contact information of appellant(s) and their
representatives (if applicable), a statement clarifying the intent to appeal and supporting information as to why
the decision is in error. Send to:
Appeals & Regulatory Compliance Coordinator
Minnesota Board of Water & Soils Resources
520 Lafayette Road North
St. Paul, MN 55155
travis.germundson@state.mn.us

Does the LGU have a local appeal process applicable to this decision?
☐ Yes1
☒ No
If yes, all appeals must first be considered via the local appeals process.

1

Local Appeals Submittal Requirements (LGU must describe how to appeal, submittal requirements, fees, etc. as applicable)

Notice Distribution (include name)
Required on all notices:
☒ SWCD TEP Member: Mike Schumann (Ramsey County)

☒ BWSR TEP Member: Ben Meyer

☐ LGU TEP Member (if different than LGU contact):
☒ DNR Representative: Leslie Parris, Dan Scollan
☐ Watershed District or Watershed Mgmt. Org.:
☒ Applicant (notice only):
☒ Agent/Consultant (notice only): Jessica Abernathy-Callahan (Sambatek)

Optional or As Applicable:
☒ Corps of Engineers:
☐ BWSR Wetland Mitigation Coordinator (required for bank plan applications only):
☐ Members of the Public (notice only):
☐ Other:

Signature:

Date:
5/4/2021

This notice and accompanying application materials may be sent electronically or by mail. The LGU may opt to send a
summary of the application to members of the public upon request per 8420.0255, Subp. 3.

BWSR NOD Form – November 5, 2019
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ATTACHMENT H
DEPARTMENT OF THE ARMY

U.S. ARMY CORPS OF ENGINEERS, ST. PAUL DISTRICT
180 FIFTH STREET EAST, SUITE 700
ST. PAUL, MN 55101-1678

March 25, 2021

Regulatory File No. MVP-2017-03927-SSC
Builders Lot Group, LLC
c/o Melvin Brown Moore
9531 West 78th Street, #135
Eden Prairie, Minnesota 55344
Dear Mr. Moore:
We are responding to your request, submitted by Todd Ullom (Sambatek) on your behalf, for
Corps of Engineers (Corps) concurrence with the delineation of aquatic resources completed on
the Victoria Shores site. The project site is in Section 2, Township 29 North, Range 23 West,
Ramsey County, Minnesota.
We have conducted a preliminary review of the delineation report, dated March 12, 2021
and generally concur that the Wetland Delineation Map (Page 22 of 45 of the Delineation
Report) in the report depicts a reasonable approximation of the location and boundaries of
aquatic resources on the property. This delineation can be used for planning, and will generally
be sufficient for permitting purposes. It may be necessary to review this determination in
response to changing site conditions or new information.
Additional Information regarding Jurisdiction and Permitting:
No jurisdictional determination was prepared for this project, nor is one required to support a
permit application. If you submit a permit application, we will assist you in identifying aquatic
resources that are not subject to Corps regulation to exclude those resources from the permit
evaluation. A permit application should include this delineation, any subsequent revisions, and
any state or local delineation approvals. You are advised that receipt of a permit or exemption
from a state or local agency does not satisfy the requirement to obtain a Corps permit where
one is needed.
Please note that the Corps has issued Nationwide General Permits and Regional General
Permits that provide authorization for many minor activities. Many of those general permits
require a pre-construction notification and Corps verification prior to starting work. However,
several general permits also have “self-certifying” provisions that eliminate the need to provide
notice to the Corps, provided the permittee complies with the terms and conditions of the
general permit. Current general permit terms and conditions can be found at:
https://www.mvp.usace.army.mil/Missions/Regulatory/Permitting-Process-Procedures/.

Regulatory Branch (File No. MVP-2017-03927-SSC)
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If you have any questions, please contact me in our St. Paul office at
(651) 290-5268 or Samantha.S.Coungeris@usace.army.mil. In any correspondence or
inquiries, please refer to the Regulatory file number shown above.
Sincerely,

Samantha Coungeris
Project Manager
cc:
Todd Ullom, Sambatek
Nicole Soderholm, Ramsey-Washington Metro Watershed District
Ben Meyer, BWSR
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ATTACHMENT H
DEPARTMENT OF THE ARMY

U.S. ARMY CORPS OF ENGINEERS, ST. PAUL DISTRICT
180 FIFTH STREET EAST, SUITE 700
ST. PAUL, MN 55101-1678

MAY 13, 2021

Regulatory File No. MVP-2017-03927-SSC
AE2S
c/o Laura Wehr
6901 East Fish Lake Road, Suite 284
Maple Grove, Minnesota 55369
Dear Ms. Wehr:
This letter concerns your request for Department of the Army authorization to install 6
private docks at the Victoria Shores Development supported by posts and pilings over Lake
Owasso in the City of Roseville, Minnesota. The project site is in Section 2, Township 29 North,
Range 23 West, Ramsey County, Minnesota.
The work proposed at the location stated is not within the regulatory jurisdiction of the Corps
of Engineers. No work will be done in a navigable water of the United States, and no dredged
or fill material, including that associated with mechanical land clearing or temporary sidecasting,
will be discharged in any water of the United States, including wetlands. Therefore, a
Department of the Army permit is not required to do this work.
This letter is valid only for the project referenced above. If any change in design, location, or
purpose is contemplated, contact this office to avoid doing work that may be in violation of
Federal law. PLEASE NOTE THAT THIS CONFIRMATION LETTER DOES NOT ELIMINATE
THE NEED FOR STATE, LOCAL, OR OTHER AUTHORIZATIONS, SUCH AS THOSE OF THE
DEPARTMENT OF NATURAL RESOURCES OR COUNTY.
The decision regarding this action is based on information found in the administrative record
which documents the District's decision-making process, the basis for the decision, and the final
decision.
If you have any questions, please contact me in our St. Paul office at
(651) 290-5268 or Samantha.S.Coungeris@usace.army.mil. In any correspondence or
inquiries, please refer to the Regulatory file number shown above.
Sincerely,

cc:
Melvin Moore, Builders Lot Group
Nicole Soderholm, RWMWD
Ben Meyer, BWSR
Todd Ullom, Sambatek

Samantha Coungeris
Project Manager

ATTACHMENT I
From:
To:
Subject:
Date:
Attachments:

Sorensen, Jenifer (DNR)
Nicole Soderholm
RE: Loon nest protections
Tuesday, May 18, 2021 9:21:09 PM
image002.png

Caution: This email originated outside our organization; please use caution.

Hi Nicole –
No, there isn’t any language in the public waters rules that addresses/mitigates potential
disturbance of nests from docks, motor boats, etc. The public waters rules address activities in
public waters (excavation, fill, structures, water level control structures, restoration, etc.) and
requires minimal impact solutions and allows for mitigation for impacts. However, there isn’t
any language requiring mitigation for the impacts of docks or boats on lake shores to wildlife
nesting or the impacts of boats to wildlife on a lake or river.
Hope you are doing well these days!
Jen

Jenifer Sorensen
Public Waters Program Hydrologist
Division of Ecological and Water Resources
Minnesota Department of Natural Resources
500 Lafayette Road
St. Paul, MN 55155
Phone: 651-259-5725*
Email: jenifer.sorensen@state.mn.us
*Please note: DNR staff are currently working remotely
and may return your call from an alternative number.
Contact via email is strongly encouraged at this time.

From: Nicole Soderholm <nicole.soderholm@rwmwd.org>
Sent: Wednesday, May 5, 2021 9:40 AM
To: Sorensen, Jenifer (DNR) <jenifer.sorensen@state.mn.us>
Cc: Tina Carstens <tina.carstens@rwmwd.org>
Subject: Loon nest protections
This message may be from an external email source.
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Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security
Operations Center.

Hi Jen,
We have some residents concerned about an upcoming residential development on Lake Owasso in
Roseville. The developer has already consulted with Dan Scollan on permitting for docks, and they’re
meeting the general requirements.
A question came up from one of the residents about protection for loon nests, so I was wondering if
there’s anything within the Public Waters program that aims to address/mitigate potential
disturbance of nests from docks, motor boats, etc? That’s not something specifically addressed in
the RWMWD construction permit program, and I couldn’t find any information related to that on the
DNR website.
Thanks, hope you’re doing well!
Nicole Soderholm
Permit Coordinator  |  Ramsey-Washington Metro Watershed District
2665 Noel Dr  |  Little Canada, MN 55117  | Direct: 651-792-7976
www.rwmwd.org
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Roseville City Priority Plan
2019-2020
Strategic Priority:

Housing

Strategic Initiative:

Housing in Roseville Meets All Identified Needs (Housing Style/Type, Affordability, Availability, Market Needs)

Desired Outcomes:

Increase the # of New Housing Units

Goals/Focus Area
Ensure newly added housing
units consist of a variety of
housing styles and
affordability levels

Responsible Staff/Commission
Staff Lead: Community Development
Supporting Staff: City Manager,
Public Works Department
Commissions: Planning
Commission, EDA
Others: Consultants, brokers,
developers, property owners

Timeline
1st Quarter, 2019
• Make Housing Needs Assessment available on the City’s
website Available on City’s website & distributed to
interested developers. Ramsey County conducted a
similar County-wide study (however cities are awaiting
the results).
2nd Quarter, 2019
• Invite residential land broker to EDA meeting to provide
a market update and conduct Q & A Will work to
schedule in 2021 and beyond.
3rd Quarter, 2019
• Reconcile Housing goals in Comp Plan w/Housing Needs
Assessment and develop top 3-5 priorities for EDA
consideration
• Map housing priority sites in terms of 3-5 priorities –
present to EDA for feedback & consensus Below is a list
identified by staff and could be advanced to the
EDA/Council for further discussion at an upcoming
meeting:
o 2395 County Road B – for-sale twin homes or
single family homes
o 2442 County Road D – for-sale townhomes
o 210 & 196 South McCarrons BLVD – for-sale
patio homes
o Lexington AVE & County Road C2 – for-sale
townhomes
Approved August 12, 2019
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o Brittany/Marion Apartments – affordable housing
preservation/rehabilitation
o Former PIK Terminal in Twin Lakes – multifamily apartments (market-rate &/or affordable)
o Former Boater’s Outlet – multi-family apartments
(affordable)
o Snelling Ave/Snelling Curve – for-sale low
density residential
o Victoria ST/Orchard LN/County RD C2 – for-sale
low density residential
o Rosedale Center – multi-family residential
(market-rate w/potential for affordable)
4th Quarter, 2019
• Arrange & conduct an event for real estate professionals
& developers focusing on promoting residential
development in Roseville Participated in the North Metro
Real Estate Summit in September of 2020, participate in
annual the MnCAR Exchange (cancelled due to COVID).
2020 and Beyond
• Monitor and update map of housing priority sites
• Update Housing Needs Assessment This was discussed
briefly during the 2021 EDA budget discussions – based
on many 100’s of housing units approved in 2019-2020,
it may be prudent to wait 1-2 more years before
conducting an update so the existing pipeline projects can
complete and come online for market absorption. There
is also potential to conduct a study that extends beyond a
“needs assessment” and evaluates whether there is a local
need for a Housing Opportunity Ordinance (also referred
to as Mixed Income or Inclusionary Housing), coupled
with a nexus analysis.
• Annually track housing units added & type via building
permit data 2019 = 197, 2020 = 415

Approved August 12, 2019
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Measures of Success:
• EDA consensus on top 3-5 housing priorities
o (Staff suggested list noted above) – formal discussion yet to be had.
• Progress is made towards adding the prioritized housing unit types
o Many of the sites listed are actively in various stages of development, including realization of units (such as Lexington
Woods townhomes & affordable multi-family housing at Boater’s Outlet – The Oasis). Units added to the City increased by
110% from 2019 to 2020.
• Promote Roseville housing opportunities to at least 3 developers a year
o Yes (staff meets almost monthly with various housing developers interested in developing the sites noted on the housing
priority list).
• Update Housing Needs Assessment every other year
o 2020 would have been the scheduled year, however staff has recommended waiting at least until year-end 2021 or later.

Approved August 12, 2019

ATTACHMENT K
RECOMMENDATIONS AND CONCLUSIONS

Introduction/Overall Housing Recommendations
This section summarizes demand calculated for specific housing products in Roseville and
recommends development concepts to meet the housing needs forecast for the City. All
recommendations are based on findings of the Comprehensive Housing Market Analysis. The
following table and charts illustrate calculated demand by product type. It is important to
recognize that housing demand is highly contingent on projected household growth; household
growth could be higher with available land for development and increased densities.
TABLE H‐1
SUMMARY OF HOUSING DEMAND
CITY OF ROSEVILLE
October 2018
2018‐2030

Type of Use
General‐Occupancy
Rental Units ‐ Market Rate
Rental Units ‐ Affordable
Rental Units ‐ Subsidized
For‐Sale Units ‐ Multifamily
For‐Sale Units ‐ Single‐Family
Total General Occupancy Supportable

354
131
75
220
110
890
2018

2023

Age‐Restricted (Senior)
Market Rate
Adult Few Services (Active Adult)
Ownership
Rental
Independent Living (Congregate)
Assisted Living
Memory Care

141
61
80
96
120
98

334
196
138
126
143
113

Total Market Rate Senior Supportable

455

716

86
16

128
38

102

166

Affordable/Subsidized
Active Adult ‐ Subsidized
Active Adult ‐ Affordable
Total Affordable Senior Supportable

Note: Due to limited land availability, not all of the demand may be able
to be developed in Roseville
Source: Maxfield Research & Consulting, LLC

MAXFIELD RESEARCH AND CONSULTING LLC
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ATTACHMENT L
From:
To:
Subject:
Date:

Pat Trudgeon
Janice Gundlach
FW: Online Form Submittal: General Inquiry Form
Tuesday, June 1, 2021 3:29:44 PM

----------------------------------------------Patrick Trudgeon | City Manager
O: 651.792-7021 | | F: 651.792.7020
pat.trudgeon@cityofroseville.com

2660 Civic Center Drive | Roseville, MN 55113
Facebook | Twitter | YouTube

----------------------------------------------------

From: RV Info <info@cityofroseville.com>
Sent: Tuesday, June 1, 2021 3:29 PM
To: Pat Trudgeon <Pat.Trudgeon@cityofroseville.com>
Subject: FW: Online Form Submittal: General Inquiry Form
FYI
From: noreply@civicplus.com <noreply@civicplus.com>
Sent: Tuesday, June 1, 2021 3:27 PM
To: RV Info <info@cityofroseville.com>
Subject: Online Form Submittal: General Inquiry Form

Caution: This email originated outside our organization; please use caution.

General Inquiry Form
Please complete this online form and submit.
Contact Information

First Name

Harriet

Last Name

Flashinski

Address 1

2730 Oxford St N

Address 2

Field not completed.

City

Roseville

ATTACHMENT L
State

MN

Zip Code

55113

Home or Cell Phone
Number
Email Address
Select how would you
prefer to be contacted

Email

Please share your
comment, question or
concern (no character
limit)

It is essential that you read and understand the
recommendations made by the DNR on the proposed Victoria
Shores project. Since their findings show that the preliminary plat
application is incomplete and in need of a variance, it is
imperative that you do not pass this application as it stands.
Please vote to proceed with the environmental review so that you
can have the best data to make an informed decision that also
takes into consideration the DNR recommendations.
You need to save the wetlands that boarder this project order to
protect the value of all the homes on Lake Owasso. If homes are
built and the impervious surfaces and damage to the wetlands
cause higher lake water, you stand to be sued by the
homeowners who have trusted you to work for the wellbeing of
all the lake properties. I understand that the lots will be built on,
however, every effort must be made to insure the structures give
the best possible outcome for the lake as a whole.

Email not displaying correctly? View it in your browser.

ATTACHMENT L
From:
To:
Subject:
Date:

Pat Trudgeon
Janice Gundlach
FW: Online Form Submittal: Contact City Council
Wednesday, June 2, 2021 7:45:40 AM

----------------------------------------------Patrick Trudgeon | City Manager
O: 651.792-7021 | | F: 651.792.7020
pat.trudgeon@cityofroseville.com

2660 Civic Center Drive | Roseville, MN 55113
Facebook | Twitter | YouTube

----------------------------------------------------

From: noreply@civicplus.com <noreply@civicplus.com>
Sent: Tuesday, June 1, 2021 4:10 PM
To: *RVCouncil <city.council@cityofroseville.com>; Dawn O'Connor
<dawn.oconnor@cityofroseville.com>; Pat Trudgeon <Pat.Trudgeon@cityofroseville.com>
Subject: Online Form Submittal: Contact City Council

Caution: This email originated outside our organization; please use caution.

Contact City Council
Please complete this online form and submit.

Subject

STOP THE SOUTH SIDE DESTRUCTION!

Contact Information

Name:

Lisa Koger

Address:

3125 Woodbridge Street

City:

Roseville

State:

MN

Zip:

55116

This form goes to the Mayor, all Councilmembers and certain City Staff. Due to
the volume of emails submitted, a personal reply is not always possible.

How would you prefer to
be contacted? Remember

Email

ATTACHMENT L
to fill in the
corresponding contact
information.
Email Address:
Phone Number:
Please Share Your
Comment, Question or
Concern

We ask you to vote to approve the environmental review that was
requested via the citizens petition sent to the MN Environmental
Quality Board. WE citizens who you represent know that has
been requested. We care about the green space in our city. We
want you to do the hard job of making the right decision to follow
the responsible path to protect our environment for future
generations. If you do not, it will be gone. And I for one will
publicly blame you.
Sincerely,
Dr Lisa Koger

Unless restricted by law, all correspondence to and from Roseville City
government offices, including information submitted through electronic forms such
as this one, may be public data subject to the Minnesota Data Practices Act
and/or may be disclosed to third parties.

Email not displaying correctly? View it in your browser.

ATTACHMENT L
From:
To:
Subject:
Date:

Pat Trudgeon
Janice Gundlach
FW: Online Form Submittal: Contact City Council
Wednesday, June 2, 2021 8:46:27 AM

----------------------------------------------Patrick Trudgeon | City Manager
O: 651.792-7021 | | F: 651.792.7020
pat.trudgeon@cityofroseville.com

2660 Civic Center Drive | Roseville, MN 55113
Facebook | Twitter | YouTube

----------------------------------------------------

From: noreply@civicplus.com <noreply@civicplus.com>
Sent: Wednesday, June 2, 2021 8:36 AM
To: *RVCouncil <city.council@cityofroseville.com>; Dawn O'Connor
<dawn.oconnor@cityofroseville.com>; Pat Trudgeon <Pat.Trudgeon@cityofroseville.com>
Subject: Online Form Submittal: Contact City Council

Caution: This email originated outside our organization; please use caution.

Contact City Council
Please complete this online form and submit.

Subject

Lake Owasso - Victoria Shores - DNR Recommendations

Contact Information

Name:

Jean Eide

Address:

519 Heinel Drive

City:

Roseville

State:

MN

Zip:

55113

This form goes to the Mayor, all Councilmembers and certain City Staff. Due to
the volume of emails submitted, a personal reply is not always possible.

How would you prefer to
be contacted? Remember

Email

ATTACHMENT L
to fill in the
corresponding contact
information.
Email Address:
Phone Number:
Please Share Your
Comment, Question or
Concern

The re-platting and subsequent planned development for the
west end of Lake Owasso continues to be of great concern to me
and my family. The May 13th letter from the DNR to Mayor Roe
and Pat Trudgeon serves as validation for these concerns.
Please carefully read and consider the DNR letter as you
evaluate the development of this site. There is no compelling
reason to grant a variance for the development of this site. This
area provides critical habitat and is not well suited for the
recreation that will occur if the site is developed as proposed.
This land should not have riparian rights because the lake is not
accessible as it sits currently. Any lots formed at this site, must
be regular in shape and size and maintain and protect the
wetlands and lake.
The DNR, Watershed District, City and lake users are all
responsible for the health of our waters and the things that live
there. The current properties are part of this responsibility and
their desire to increase the sale price of the land should not be
the guiding force in this decision.
Please follow the recommendations of the DNR and protect Lake
Owasso for all.

Unless restricted by law, all correspondence to and from Roseville City
government offices, including information submitted through electronic forms such
as this one, may be public data subject to the Minnesota Data Practices Act
and/or may be disclosed to third parties.

Email not displaying correctly? View it in your browser.

ATTACHMENT L
From:
To:
Subject:
Date:

Pat Trudgeon
Janice Gundlach
FW: Online Form Submittal: Contact City Council
Wednesday, June 2, 2021 10:20:11 AM

----------------------------------------------Patrick Trudgeon | City Manager
O: 651.792-7021 | | F: 651.792.7020
pat.trudgeon@cityofroseville.com

2660 Civic Center Drive | Roseville, MN 55113
Facebook | Twitter | YouTube

----------------------------------------------------

From: noreply@civicplus.com <noreply@civicplus.com>
Sent: Wednesday, June 2, 2021 10:03 AM
To: *RVCouncil <city.council@cityofroseville.com>; Dawn O'Connor
<dawn.oconnor@cityofroseville.com>; Pat Trudgeon <Pat.Trudgeon@cityofroseville.com>
Subject: Online Form Submittal: Contact City Council

Caution: This email originated outside our organization; please use caution.

Contact City Council
Please complete this online form and submit.

Subject

MN Environmental Quality Board Environmental Review - Lake
Owasso

Contact Information

Name:

Cory Koger

Address:

3125 Woodbridge Street

City:

Shoreview

State:

MN

Zip:

55126

This form goes to the Mayor, all Councilmembers and certain City Staff. Due to
the volume of emails submitted, a personal reply is not always possible.

How would you prefer to

Email

ATTACHMENT L
be contacted? Remember
to fill in the
corresponding contact
information.
Email Address:
Phone Number:
Please Share Your
Comment, Question or
Concern

Please vote to approve the environmental review for the Lake
Owasso proposed development. The review has been requested
and the MN Environmental Quality Board should be involved in
this process. Preservation of our dwindling wetland habitat within
the greater Minneapolis-St. Paul area is critical.

Unless restricted by law, all correspondence to and from Roseville City
government offices, including information submitted through electronic forms such
as this one, may be public data subject to the Minnesota Data Practices Act
and/or may be disclosed to third parties.

Email not displaying correctly? View it in your browser.

ATTACHMENT L
From:
To:
Subject:
Date:

Pat Trudgeon
Janice Gundlach
FW: Online Form Submittal: Contact City Council
Wednesday, June 2, 2021 10:59:32 AM

----------------------------------------------Patrick Trudgeon | City Manager
O: 651.792-7021 | | F: 651.792.7020
pat.trudgeon@cityofroseville.com

2660 Civic Center Drive | Roseville, MN 55113
Facebook | Twitter | YouTube

----------------------------------------------------

From: noreply@civicplus.com <noreply@civicplus.com>
Sent: Wednesday, June 2, 2021 10:27 AM
To: *RVCouncil <city.council@cityofroseville.com>; Dawn O'Connor
<dawn.oconnor@cityofroseville.com>; Pat Trudgeon <Pat.Trudgeon@cityofroseville.com>
Subject: Online Form Submittal: Contact City Council

Caution: This email originated outside our organization; please use caution.

Contact City Council
Please complete this online form and submit.

Subject

Proposed destruction of critical wetland

Contact Information

Name:

Ashley MacGregor

Address:

3011 Little Bay Rd

City:

Roseville

State:

Minnesota

Zip:

55113

This form goes to the Mayor, all Councilmembers and certain City Staff. Due to
the volume of emails submitted, a personal reply is not always possible.

How would you prefer to
be contacted? Remember

Email

ATTACHMENT L
to fill in the
corresponding contact
information.
Email Address:
Phone Number:
Please Share Your
Comment, Question or
Concern

To the Roseville City Council,
I have had the honor of living in Roseville for most of my life.
Lately, I have been disheartened by the seemingly short-sited
decisions that have eliminated green spaces in our community at
an alarming rate. You may say that your hands were tied, that it’s
private property and developers have a right to develop. While
this may be true, I urge you, elected representatives of the
citizens of Roseville, to fight for creative solutions, challenge
hasty decisions and outdated codes, and find a common ground
that supports the long-term needs of this community with the
revenue gain you are seemingly chasing.
Now again, with the proposed Victoria Shores development you
have another opportunity before you to protect our critical
greenspaces and natural habitats. Will you seek a solution that
prioritizes this ecologically sensitive wetland or will you bend over
backwards to cater to the desires of the developer? The
Department of Natural Resources clearly recommended a path
forward that does not involve disruption of the wetland in this
fragile area – will you listen? Or will you disregard this plea and
allow destruction that will never be able to be undone? This is
our chance.
I urge you to take this incredibly special piece of land and fight
for it. Approve the MN Environmental Quality Board’s
environmental review. Listen to the DNR, the Ramsey
Washington Metro Watershed District, and the citizens of
Roseville. Take the time to understand the impacts of the choices
before you and do the right thing – not the easy thing.
Our community is paying attention to your decisions.
Ashley MacGregor

Unless restricted by law, all correspondence to and from Roseville City
government offices, including information submitted through electronic forms such
as this one, may be public data subject to the Minnesota Data Practices Act
and/or may be disclosed to third parties.

Email not displaying correctly? View it in your browser.

ATTACHMENT L
From:
To:
Subject:
Date:

Pat Trudgeon
Janice Gundlach
FW: Online Form Submittal: Contact City Council
Wednesday, June 2, 2021 10:59:55 AM

----------------------------------------------Patrick Trudgeon | City Manager
O: 651.792-7021 | | F: 651.792.7020
pat.trudgeon@cityofroseville.com

2660 Civic Center Drive | Roseville, MN 55113
Facebook | Twitter | YouTube

----------------------------------------------------

From: noreply@civicplus.com <noreply@civicplus.com>
Sent: Wednesday, June 2, 2021 10:59 AM
To: *RVCouncil <city.council@cityofroseville.com>; Dawn O'Connor
<dawn.oconnor@cityofroseville.com>; Pat Trudgeon <Pat.Trudgeon@cityofroseville.com>
Subject: Online Form Submittal: Contact City Council

Caution: This email originated outside our organization; please use caution.

Contact City Council
Please complete this online form and submit.

Subject

DNR Letter

Contact Information

Name:

Steve Youngquist

Address:

391 South Owasso Blvd W

City:

Roseville

State:

Minnesota

Zip:

55113

This form goes to the Mayor, all Councilmembers and certain City Staff. Due to
the volume of emails submitted, a personal reply is not always possible.

How would you prefer to
be contacted? Remember

Email

ATTACHMENT L
to fill in the
corresponding contact
information.
Email Address:
Phone Number:
Please Share Your
Comment, Question or
Concern

Good morning,
I recently read the DNR letter from Dan Scollan, DNR East Metro
Area Hydrologist (I’m hoping you’ve already read it), which was
sent to the Roseville, MN Mayor and City Manager.
I found it note worthy that Mr. Scollan points out several City
Codes – 1017.04(B), 1017.14,1017.15 & 1017.23, as he details
the DNR’s recommendation to deny the current permit
application for the proposed “Victoria Shores” development.
Previous correspondence from the Roseville City Council refers
to doing what is legal. I think we can all agree that this is the way
to proceed.
That said, I hope the City Council will seriously consider the
DNR’s recommendations for how the property can and should be
developed, while keeping things legal and consistent with
Roseville’s pledge to; “regulate the use and subdivision of land
within the corporate limits as it relates to public waters”.
Thank you again for your commitment to the great city of
Roseville, MN!
Steve Youngquist – 612-419-9454

Unless restricted by law, all correspondence to and from Roseville City
government offices, including information submitted through electronic forms such
as this one, may be public data subject to the Minnesota Data Practices Act
and/or may be disclosed to third parties.

Email not displaying correctly? View it in your browser.

ATTACHMENT L
From:
To:
Subject:
Date:

Pat Trudgeon
Janice Gundlach
FW: Online Form Submittal: Contact City Council
Wednesday, June 2, 2021 1:07:41 PM

----------------------------------------------Patrick Trudgeon | City Manager
O: 651.792-7021 | | F: 651.792.7020
pat.trudgeon@cityofroseville.com

2660 Civic Center Drive | Roseville, MN 55113
Facebook | Twitter | YouTube

----------------------------------------------------

From: noreply@civicplus.com <noreply@civicplus.com>
Sent: Wednesday, June 2, 2021 12:49 PM
To: *RVCouncil <city.council@cityofroseville.com>; Dawn O'Connor
<dawn.oconnor@cityofroseville.com>; Pat Trudgeon <Pat.Trudgeon@cityofroseville.com>
Subject: Online Form Submittal: Contact City Council

Caution: This email originated outside our organization; please use caution.

Contact City Council
Please complete this online form and submit.

Subject

Owasso Lake

Contact Information

Name:

Dun Ning

Address:

215 County Rd B2 East

City:

Little Canada

State:

Minnesota

Zip:

55117

This form goes to the Mayor, all Councilmembers and certain City Staff. Due to
the volume of emails submitted, a personal reply is not always possible.

How would you prefer to
be contacted? Remember

Email

ATTACHMENT L
to fill in the
corresponding contact
information.
Email Address:
Phone Number:
Please Share Your
Comment, Question or
Concern

Hello,

My name is Dun Ning. I have been tasked by the NOAA to
monitor the water quality in Lake Owasso. I am writing to you in
advocate for the sustained water quality, eco-receptors, and
species nearing extinction in the area of the proposed
development. The constructions in the area by Victoria Shores
will contaminate the water and disrupt the ecosystem. The silt
and sedimentation mobilized will undoubtedly contaminate the
water, where our children drink and swim in. I am asking you to
help block the docks from being constructed to help protect these
wetlands, as they sustain various wildlife species of plants and
animals. Your effort will help create a more sustainable future for
everyone. Thank you.

Sincerely,
Dun Ning

Unless restricted by law, all correspondence to and from Roseville City
government offices, including information submitted through electronic forms such
as this one, may be public data subject to the Minnesota Data Practices Act
and/or may be disclosed to third parties.

Email not displaying correctly? View it in your browser.

