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EXECUTIVE SUMMARY

This lake management plan synthesizes publicly available data from a variety of
sources to make diagnostic conclusions and recommend management activities. Da-
ta availability on the lake is extraordinary poor compared to many other lakes of
similar size and accessibility in the state of Minnesota. There are no recent regular-
ly collected Secchi depth, chlorophyll a or total phosphorus to provide a generalized
baseline of conditions and as such conclusions are based on infrequently collected
samples that are 10 or more years old. We suggest that the most urgent management
activity is to train a volunteer to collect water samples for incorporation to the Min-
nesota Citizen Lake Monitoring Program, which has water samples analyzed for
Secchi depth, chlorophyll a, and total phosphorus, on a monthly basis through the
open water season, at a minimum. Cross Lake has been listed since 2003 by the state
of Minnesota as an impaired water body, having records indicating poor water qual-
ity as measured by high concentrations of nutrients, particularly phosphorus, algae,
and low water clarity. The poor water quality limits light to an extent that plant cov-
erage 1s minimal, and those plants that do exist are species that tend to grow near to
or at the surface, and often present nuisance for recreators. Nuisance plants on Cross
Lake currently include two invasive species: curlyleaf pondweed and Eurasian wa-
termilfoil. The combination of poor water quality and low aquatic plant coverage
and diversity likely are influencing low densities of gamefish compared to other
lakes in the region. Causally, the most important contributor to current poor condi-
tions are high concentrations of phosphorus recycled from lake sediments through
the summer. Based on availability of data, our preliminary estimation is that the
most meaningful management activity that would provide the highest amount of pos-
itive change in the lake would be an alum treatment to lock up available phosphorus
in the lake sediment. This would be expected to reduce algae concentrations, in-
crease water clarity, increase coverage and diversity of aquatic plants, which would
provide refuge for fish that may improve their fish population densities. Positive
impacts for alum treatments can last 20 years or more if properly done. A total of 25
additional management objectives listed throughout this report. Certainly one of the
challenges for managing lakes for residents is both funding and making sure local
professionals follow through with generated workplans for which they are responsi-
ble. Some ways to help with funding would include applying for grants, increasing
due paying members, establishment of a Lake Improvement District, and/or estab-
lishing a relationship with local business partner to take advantage of gambling reve-
nues as allowed by the state for non-profits. Primary contacts of local professional
groups with responsibilities for watershed management and by extension Cross Lake
includes Snake River Watershed Management Board and Pine County Soil and Wa-
ter Conservation District. As part of this process of writing a lake management plan,
a Lake User Opinion Survey was administered in 2023 and is included in whole in
the appendix.
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CROSS LAKE OF PINE COUNTY

CHAPTER 1
INTRODUCTION

Overview

This document describes what is cur-
rently (as of 2024) known of the condi-
tion of and potential for management
of Cross Lake of Pine County to sup-
port lake health.

The primary resources used to put the
lake management plan together includ-
ed materials provided by The Cross
Lake/Snake River Association
(CLSRA) along with publicly available
data accessed through the internet from
the following government entities:

1. Minnesota Department of Natural
Resources (MN DNR) Lake Finder
(www.dnr.state.mn.us/lakefind)

2. Minnesota Geospatial Commons
(gisdata.mn.gov)

3. Natural Resources Conservation
Service (NRCS) Web Soil Survey
(websoilsurvey.sc.egov.usda.gov)

4. Minnesota Pollution Control Agen-
cy (MPCA) (www.pca.state.mn.us/
watershed-information/snake-river-
st-croix-basin) series of documents
including TMDL and WRAPS.

5. Wenck (2013) Snake River Water-
shed TMDL prepared for MPCA

(https://www.pca.state.mn.us/sites/
default/files/wqg-iw6-11e.pdf)

6. Wenck (2017) Pine County Aquatic
Vegetation Management Plan:
Pokegame, Cross, Sand, and Stur-
geon Lakes prepared for Pine

Lake Management Plan

County Planning and Zoning.

7. Limnopro Aquatic Science (2021)
Aquatic Plant Survey.

Additional documents have been used
and are referred through the document
where appropriate.

While the primary audience for this
document is members of Cross Lake/
Snake River Association, portions may
be beyond the interest of some readers;
however, in-depth descriptions and
analyses occur for educational purpos-
es and to provide information to tech-
nical workers who may perform pro-
jects on the lake in the future.

Governmental and nonprofit partners
who are on record as having some re-
sponsibility for health of Cross Lake
according to the 2014 Snake River Wa-
tershed (St Croix) Watershed Restora-
tion and Protection Strategy Report
include The Snake River Watershed
Management Board, Pine County Soi
land Water Conservation District, Pine
County Soil and Water, Pine City, Nat-
ural Resources Conservation Sci-
ence—USDA, Minnesota Pollution
Control Agency, Minnesota Depart-
ment of Natural Resources, and Nature
Conservancy.

A major objective of this report was to
pull together information from dispar-
ate sources about Cross Lake into a
single document and then to provide
some synthesis of the information and
identify data gaps where appropriate.
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Why Manage Lakes?

There are two main reasons lake stake-
holders want to manage lakes: (1) im-
prove opportunities for recreation and
(2) improve or maintain their invest-
ment in properties along the lake.

By recreation, we mean the ability to
boat, swim, waterski, fish, and in any
other way enjoy lake life. Lakes that
are green with algal blooms are not de-
sirable to swim in, and in fact, depend-
ing on what sort of algae is blooming,
may pose health risks. Lakes that are
full of dense plant growth can be hard
to navigate around or cast into when
fishing. Lakes with deteriorating fish-
ing opportunities are less enjoyable to
fish on than those with good fisheries.
Most users desire lakes that are rela-
tively clear with moderate plant growth
and good fishing.

People purchase lake properties to take
advantage of all that lakes provide in
terms of recreational opportunities, so
having lakes in optimal shape to enjoy
them is a desirable goal.

While it is probably intuitive that prop-
erty values on lakes are tied to the con-
dition of the lake, there is scientific re-
search that supports such claims (e.g.,
Caleron-Arricta et al., 2019, Nicholls
and Crompton, 2018, Liao, et al. 2016).

For example, Kristen Swedberg and
colleagues (2021) from Virginia Tech
summarized research showing water
clarity impacts lakefront homes. In
particular, in Minnesota, her research
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group found that for a three feet in-
crease in Secchi depth, there is an asso-
ciated increase in $13,000 to $45,000
in what people are willing to pay for a
home on a lake depending on where in
Minnesota homes would be purchased.

Stephen Polasky, a researcher in the
Department of Applied Economics at
the University of Minnesota, summa-
rized research around the country that
showed people were willing to pay up-
wards of near 20% more for properties
on lakes without nuisance plant growth
compared to similar homes on lakes
with nuisance plant growth (Polasky
and Hansen, 2021). In Minnesota, he
showed a difference in the range of 4 -
7%, which equated to a loss in value of
$13,000 - $19,000 per home for an av-
erage price home studied on lakes with
nuisance plant growth.

There is real dollar value in improving
the condition of the lake with respect to
both water quality and plant conditions.

In concert with this lake management
plan, Limnopro created, and Cross
Lake/Snake River Association admin-
istered, a lake opinion survey (hereafter
the “Lake User Opinion Survey”),
which was responded to by 135 re-
spondents during 2023.

This survey indicated that 91% of re-
spondents had at least some concern
about impacts of lake condition on
their property value.

This lake management plan will pro-
vide a beginning framework for man-
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CROSS LAKE OF PINE COUNTY

Fig. 1. lllustration of how in lakes community structure can change with water quality. Clear
lakes often have high plant coverage with high diversity. Turbid lakes often have low plant
cover, or high coverage of plants that grow to the surface.

aging Cross Lake in an attempt to opti-
mize water quality, plant growth, and
fishing conditions for recreation and to
preserve property values.

As lake management really focuses on
plants, water quality and fisheries, it is
important to recognize at the outset that
there are tradeoffs to optimizing water
quality, plant growth and fishing.
Good water quality means clear water,
which means high plant growth, in-
cluding some nuisance growth. Poor
water quality means turbid water,
which means few plants with little
plant growth. Fish can both impact
water quality and plant growth and in
turn be impacted by both. Lake users
need to understand that crystal clear
water with low plant coverage and
great fishing is not ecologically realis-
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tic. In lake management, average con-
ditions are often a goal that produces
moderately clear water with moderate
plant growth. Such average conditions
often produce the best fisheries (Fig.

).

The Natural Life of a Lake

Before reviewing conditions and poten-
tial management activities some back-
ground on the origin and development
of lakes should be helpful to provide
some context of what is to follow.

All natural lakes in Minnesota were
formed by the last glaciers. A long
time ago, the state was covered with
ice. As climate warmed and the glaci-
ers began to melt, pieces of ice broke
off, sunk into the ground to create a de-
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Fig. 2. lllustration of how lakes in Minneso-
ta were formed as glacier’s melted and re-
treated on the landscape. Minnesota’s nat-
ural lakes are mostly “kettle” lakes that form
from melted buried ice chunks. Image
source: Lotus Arise, UPSC.

pression, and then when the ice finally
melted, the melted water became a lake
(Fig. 2).  Such events over the land-
scape led to the “birth” of our 10,000
lakes.

In time, all lakes will progress through
a natural process of filling with sedi-
ment to become land (Fig. 3). This ag-
ing process 1s called
“eutrophication” (i.e., “eu” = many and
“trophic” = nutrients, so “many nutri-
ents”). Sediment is carried from land
during spring snowmelt and rain events
that carries nutrients from land to wa-
ter. Devoid of humans, the aging of a
lake from formation to filling in would
take thousands of years.

Likely, human intervention on the
landscape has sped up this aging pro-
cess, principally by developing the land
that surrounds a lake, which increases
sedimentation rates. This acknowl-
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edgement of a quickened pace of lake
development has led to a separation of
“natural” and “cultural” (or human
caused) eutrophication (Fig. 4)

Eutrophication is important to under-

Lake Succession

Fig. 3. Natural lake aging, also known
as succession or eutrophication. The
natural life for any lake is to fill in to be-
come solid ground over periods meas-
ured in centuries. Image source: Mis-
souri DOC.
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Fig. 4. Differences between “natural” and “cultural” eutrophication have to do with both
the time it takes to occur and the cause. Natural eutrophication takes much longer,
mostly because of intact soils on the watershed and natural nutrient recycling. Cultural
eutrophication is faster because humans create landscape where erosion occurs fast
and nutrients are added to the landscape at a rate that is faster than they can be recy-
cled on the landscape so they end up in the water. Image Source: RMBEL.

stand for lake management because it
is related to the age of a lake, and man-
agement needs to take into account just
what is possible and what is not possi-
ble for a lake of a given age. In other
words, it 1s important to manage expec-
tations and reach for realistic goals.

Because climate in the southern part of
the state warmed faster than in the
north, glaciers melted or retreated in
order from the south to the north. The
result of this is that lakes in the south-
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ern part of the state are “older” than
those in the north (Fig. 5). Some of the
oldest lakes in Minnesota, now have
hundreds of feet of sediment that has
been carried in and deposited to the
bottom. Cross Lake occurs in the part
of the state where they might be con-
sidered late middle-aged.

From the perspective of humans, old
lakes are less appealing than younger
lakes. This is because older lakes are
greener from algal and plant growth,

5
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Fig. 5. Aging of lakes in Minnesota relative to the retreating of glaciers thousands of years
ago. Lines delineating lake groups are for illustration only and do not imply a quantitative

measurement.

which are both consequences of nutri-
ents delivered to lakes from sediment.
Both algae and plants can become a
nuisance and create unappealing condi-
tions.

One measure the MPCA uses to deter-
mine the health of the lake for its age is
its “trophic state index”, which uses a
formula to combine water clarity, algae
concentrations, and nutrients to a
standardized value. Lakes that have
higher values of these measurements
than might be expected for a lake of its
kind, at its location in the state, are

deemed to be impaired. In Minnesota,
“water quality” is measured by trophic
state index, so monitoring total phos-
phorus, chlorophyll a and Secchi depth
is important to gain perspective about
the health of the lake.

Currently, Cross Lake is considered to
be impaired for recreational proposes
by the State of Minnesota, meaning it
1s considered to have nutrients (i.e.,
phosphorus) in excess for its age (Fig.
6). One disadvantage of the trophic
state index 1is that it does not account
for nuisance plant growth or impacts of

Fig. 6. MPCA trophic state index scores for Cross Lake (67). Impaired waters thresholds for
comparable lakes is 57 for deep lakes in the region. The lake is listed as impaired.

Lake Management Plan
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aquatic invasive species, two factors
that are impacting conditions on the
lake.

With this information as a background,
this report will provide a diagnostic of
present conditions of these lakes and
management guidance toward helping
the lakes to become more healthy rela-
tive to its current condition. First, some
history on the lake will be outlined.

CHAPTER 2
MANAGERS AND MONEY

Overview

An historical recollection of some sig-
nificant events from the past in Cross
Lake are summarized below.

1837—Logging began in the areas
around Cross Lake. The Snake River
and Cross Lake were both used as stag-
ing and transport for logging opera-
tions.

1849—A dam was constructed on the
Snake River to increase water levels on
Cross Lake and serve as a sluiceway for
logs.

1897—As the logging industry died,
the recreational use of waterbodies in
the area increased. Cross Lake was a
popular fishing and camping getaway.

1964—The dam as it stands today was
formed from modifications to a previ-
ous dam.

1981—Curlyleaf pondweed, an aquatic
invasive species, is known to be grow-
ing in Cross Lake.
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2003—Cross Lake is listed as an im-
paired water body due to excessive nu-
trients and algae concentrations.

2004—Eurasian watermilfoil, an aquat-
ic invasive species, is first recognized
in Cross Lake.

2014—The Snake River watershed
TMDL received EPA approval, which
provided goals for nutrient reductions
to improve water quality in Cross Lake.

2017—An erosion control project was
completed on the northern bank of
Cross Lake.

2018—Wenck completed an aquatic
vegetation management plan which in-
cluded Cross Lake.

2021— Limnopro conducted an aquatic
vegetation survey on Cross Lake.

2022—Carp Solutions completed a re-
port on carp populations in Cross Lake.

2023— Limnopro begins the creation
of a lake management plan to address
water quality, plant, aquatic invasive
species, and fisheries health.

Today Cross Lake residents work close-
ly with the community and local groups
as well as being a member of the MN
Coalition of Lake Associations.

Cross Lake/Snake River Association

The Cross Lake/Snake River Associa-
tion is a registered 501 (3)(C) organiza-
tion with the IRS and subsequently con-
tributions to it are tax deductible.

The Cross Lake/Snake River Associa-
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tion reports 220 dues-paying members
out of a possible 475 for a membership
proportion of 40%. We suggest setting
a minimal goal for increasing member-
ship annually. Even increasing by as
few as 1-5 new membership while
maintaining current number keeps
membership numbers heading the right
direction. At the very least purposeful-
ly getting accurate number and report-
ing these annually can keep the board
abreast of changes.

Higher membership of lake residents
will bring in both an awareness of lake
issues and a diversity of talents that
will be useful for carrying through with
management objectives, particularly
when they rely on volunteer efforts.
Furthermore, many grant monies that
Cross Lake/Snake River Association
might apply for in support of lake
health will require matching funds,
which can take the form of either cash
contributions or volunteer hours.

MANAGEMENT OBJECTIVE #1
SET A GOAL TO INCREASE ACTIVE
AND DUE-PAYING MEMBERSHIP TO
THE LAKE ASSOCIATION BY A REA-

SONABLE NUMBER ANNUALLY.

Funding and Lake Management

One of the major challenges for lake
association groups in providing a use-
ful program for monitoring and man-
agement is coming up with enough

Lake Management Plan

money to budget meaningful work.
Most lake associations in the state op-
erate principally on voluntary annual
membership dues coupled with availa-
ble grant monies that can require some
cost sharing.

The most common source of funding
for lake associations currently is an an-
nual grant program run by the MN
DNR to provides some funding for
help in controlling aquatic invasive
species, and access to county funds ear-
marked specifically for managing
aquatic invasive species as part of
“Local Aquatic Invasive Species Pre-
vention Aid”.

The MN DNR grant money comes via
a program called the “Invasive Aquatic
Plant Management Grant Program”. It
provides some funds for both surveying
and treating aquatic invasive plant spe-
cies. Specific information and applica-
tion packets can be found on the MN
DNR webpage at www.dnr.state.mn.us/
grants/aquatic_invasive/control-
projects.html. Funds provided to lake
groups most often are limited to a total
of $1500 but see application materials
for exceptions.

The county level Local Aquatic Inva-
sive Prevention Aid dollars tend to be
the larger pot of money as they access
an approximate 10 million dollars that
are annually doled out by the state to
counties based on public lake densities.
Counties have a lot of latitude on how
those funds are spent. For Pine Coun-
ty, the latest primary contact for more

8
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information on these dollars is Erin
Hoxsie  (erin.hoxsie@co.pine.mn.us,
320-216-4220) and Mike Gainor
(mike.gainor@co.pine.mn.us, 320-591-
1657). Making contact with these indi-
viduals to determine what funds are
available and what processes are in
place for acquiring such funds is rec-
ommended.

A third source of dollars available to
lake associations for projects comes
that can provide hundreds of thousands
of dollars for larger projects but is
highly competitive comes from the
Clean Water Fund Grants administered
through the MN Board of Water and
Soil Resources. These dollars go to-
ward watershed projects mostly. They
do fund some in-lake projects, includ-
ing alum treatments and carp manage-
ment. Information on these funds can
be learned on BWSR webpage at
https://bwsr.state.mn.us/clean-water-
fund-grant-recipients.

Beyond these three sources of grant
monies (i.e., MN DNR AIS Control
Grants, Local AIS Prevention Aid, and
BWSR Cleanwater Fund) occasional
programs may be offered by different
agencies.

MANAGEMENT OBJECTIVE #2
EXPLORE GRANT OPPORUNITIES
FOR AIS WORK AND WATERSHED

PROJECTS AS APPROPRIATE FROM
DNR, COUNTY, AND/OR BWSR

Lake Management Plan

There are a couple of different ways
that some lake associations have been
successful in generating additional
funds beyond those provided through
volunteer due contribution, including
partnering with local businesses to ac-
quire dollars from gambling proceeds
and/or the establishment of a Lake Im-
provement District.  Gambling pro-
ceeds may be available with a nonprof-
it status. A Lake Improvement District
is a tax and spend authority granted by
Minnesota Statutes 103B.501-
103B.581. If a LID is petitioned for
and granted, a governing body can col-
lect funds from all shoreline residents
and at a higher rate than generally can
be collected through volunteer contri-
butions. The MN DNR can help guide
through the process and has a webpage
landing space with additional infor-
mation at https://www.dnr.state.mn.us/
waters/watermgmt_section/shoreland/
lake-improvement-districts.html.

Exploring creative ways to generate
funds for lake management will be im-
portant to generate real change as
budget limitations often restrict mean-
ingful work from being accomplished.

MANAGEMENT OBJECTIVE #3
EXPLORE PARTNERING WITH LO-
CAL BUSINESSES FOR GAMBLING
PROCEEDS AND/OR ESTABLISH-
MENT OF A LAKE IMPROVEMENT

DISTRICT
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Fig. 7. Cross Lake location within the (A) North Central Hardwood Forests, (B), the Snake
River major watershed, and (C) Cross Lake direct lakeshed

Local Partners

There are several local governmental
organizations that can help provide
professional services often at no cost or
access to funding. Potential partners
for work on the watershed include the
Snake River Watershed Management
Board, Pine County SWCD, and Pine
County Planning and Zoning. Partners
that focus more on the lake directly in-
clude the Minnesota Department of
Natural Resources who generally over-
see biology of lakes (e.g., fish and
plants) and the Minnesota Pollution
Control Agency (MPCA) who oversees
nonbiological aspects of lake condi-
tions such as phosphorus loadings, tox-
ins, and chemicals. A number of com-
mercial lake management companies
exist that can do surveys, monitoring,
or treatments, including Limnopro
Aquatic Sciences, Inc. Developing re-
lationships with individuals within
these organizations as partners to im-
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prove conditions on the lake is certain-
ly worthwhile.

The next two chapters will describe
both the watershed and lake morpholo-
gy (shape) to provide additional con-
text for a management view of water
quality, aquatic plants and fish.

CHAPTER 3
WATERSHED

Overiew

A watershed is a geographic region
where all precipitation that falls within
it reaches the main river that flows
through it. Cross Lake occurs within
the Snake River Watershed, which is
1 of 80 “Major” Watersheds as de-
fined by the state of Minnesota.

The watershed itself is within Minne-
sota’s North Central Hardwood For-
ests (NCHF) Ecoregion (Fig. 7). The
NCHF is between agricultural rich
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landscape south and the forest-rich
landscape north, so has some charac-
teristics of both. Minnesota compares
all lakes within a given Ecoregion to-
gether to determine whether it has un-
usual water quality, so the ecoregion
designation is important.

As Cross Lake is situated near the bot-
tom of the watershed along the Snake
River, most of the water that falls or
drains into the watershed eventually
makes its way into the lake, and even-
tually the St. Croix River which
dumps into the Mississippi River. As
such, Cross Lake acts as a receiving
basin for a large area of land.

Cross Lake receives flow from 1,665
permanent or semi-permanent lakes,
ponds or wetlands ranging in size from
0.1 acres to 1,521 acres. Lakes that
provide flow to Cross Lake that are
over 100 acres in size from smallest to
largest include Bear, Pennington, Up-
per Rice, Rice, Quamba, Pomroy,
Fish, Ann, Knife, and Pokegama.

The total area of land that contributes
to a lake (i.e., the lakeshed) relative to
the size of the lake is an important
measure for lake managers. It gives
some indication of the expectation for
the influence of runoff based nutrient
additions to a lake. For Cross Lake,
the size of the lakeshed is 620,215
acres with a lake surface area of 925
acres. This gives a ratio of
620,215:925 = 670. The watershed is
large and likely has an impact on the
lakes internal chemistry.

Lake Management Plan

Lakes like Cross with large lake sheds
accumulate more sediment from pre-
cipitation washing over larger areas.
In general, lakes with small lakeshed
ratios (<< 10) tend to have better water
quality as measured by nutrient pollu-
tion, algae blooms, and water clarity
than those with large watersheds.
Lakes with small lakeshed-to-surface
area ratios lakes tend to have water
budgets mostly featuring groundwater
flow with long nutrient retention times
(i.e., once nutrients are flushed into the
lake, they stay put for a long time).

The Cross Lake watershed can be di-
vided into nine separate subsheds.
This final delineation into lakesheds is
the most relevant for managing lakes
because they directly impact what hap-
pens to the lakes that we are interested
in given these are the areas flowing
into, and thus impacting, the lake.

Understanding the characteristics of
the land surrounding the lake is im-
portant because the lake interacts with
the land in such a way that the land
supplies the lake with sediment and
nutrients, both impacting water clarity,
nutrients, algae concentrations and
nearly every other important measure
of water quality. In particular, outside
of the ratio of the size of the lake to
the surrounding land, the type of pre-
dominant soils in the watershed and
how the land is used can determine
what sort of load of sediment ends up
in the lake.

11
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Fig. 8. Lakeshed soil characteristics based on NCRS soil data.

Watershed Soil Characteristics

Cross Lake sits on glacially sourced
sediments left over from advancing and
retreating ice-sheets from thousands of
years ago. The types of sediments left
behind is important in thinking about
how water moves over the landscape
and into Cross Lake.

Both particle size and elevation/slope
of the contributing lakeshed impact the
ability of soils to drain precipitation to
keep it from lakes. Areas in the
lakeshed with poorly drained soils will
contribute more nutrients to the lake
than areas that are well drained, which
is important for thinking about where to

Lake Management Plan

implement management strategies to
help keep nutrients dissolved in runoff
from rain events out of the lake.

In general, soils can be classified based
on particle size with the largest parti-
cles classified as “sand” and smallest as
“clay with “silt” for particles intermedi-
ate in size between sand and clay.

The majority of the lakeshed for Cross
Lake would best be classified as
“sand” (Fig. 8). There are few isolated
veins of clay and silt deposits occurring
largely in wet areas with a large silt de-
posit at the bottom of the watershed
surrounding Cross Lake. Sandy soils
allow for easy infiltration of precipita-
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Fig. 9. An illustration of groundwater flow over the landscape. While generally not observa-
ble, there is a continual flow of groundwater through the lake. Image Source: groundwa-

ter.org.

tion to groundwater reservoir.

Groundwater is the water that flows un-
seen beneath the ground (Fig. 9).
Groundwater flow is constrained within
divides much like watersheds, the
shape of which differs from surface wa-
tersheds. All lakes have their water
budgets to some degree dependent upon
groundwater flow.

Existing groundwater data for the re-
gion suggest a water table depth of 3.5
feet or less on average.

Watershed Land Use

Land use is often important in deter-
mining how nutrients carried by run off
are contributed to a lake. The most
common land types in the lakeshed are
forest and wetlands, each representing
35% of the land cover for a combined
70%. This is followed by agriculture
which accounts for 25% of the lakeshed
area (Fig 10).

Lake Management Plan

High concentrations of agriculture in a
lakeshed can impact lakes more so than
landscapes left as native forests, grass-
lands or wetlands. This is because
many producers use fertilizers on their
fields to feed their plants. Fertilizers
are nutrients that can be washed off the
fields to eventually end up in the lake.
Because farming turns over or loosens
soil most fields have little natural cover
and crop plants tend to have relatively
shallow roots to consolidate sediments,
which means precipitation or irrigation
events may easily move top soils as
runoff to the lake.

Even so, its important to recognize that
producers will do what they can to con-
serve soil and fertilizers placed on
fields to keep them from running off. It
does not help a producers financial bot-
tom line to waste either. Still, inevita-
bly, there is some that will end up in
lakes.

Most of the agriculture is concentrated
in the bottom or southern portions of

13
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Fig. 10. Percentages are reported for each land class as a part of the total lakeshed (NLCD

2019). An overlay of feedlots within the lakeshed.

the lakeshed with isolated areas in the
northern portion.

There are 153 active feedlots operations
with 84 required to be registered in the
lakeshed. A feedlot is required to be
registered if it has 50 or more animal
units (AUs) or has 10 or more AUs and
is located within shoreland. Of those
with registration requirements, they are
primarily for either beef or dairy cattle,
with some dedicated to swine. In order
to determine potential impacts to eco-
systems, animals are standardized to
“Animal Units” or AUs. The number
of AUs in the lakeshed ranges from 14
to 999. The mean and median animal
unit values are 195 and 138 respective-

ly.

Feedlots can produce nutrient rich

Lake Management Plan

waste from animals that may end up in
lakes; however, feedlots are heavily
regulated and there are a number of
tools at their disposal to help with
waste management, and waste may
likely be well contained (Fig. 11). If a
concern exists that animal waste is get-
ting into the lake from the feedlots, a
test for fecal coliform can be done.

Fecal coliform is a collection of com-
mon bacteria that is found in the intes-
tines of animals, including humans.
The vast majority of fecal coliform are
harmless (see exception for some
strains of E. coli below), but if they are
detected, it indicates other sorts of bac-
teria, including pathogenic (i.e., types
that can make a person sick) forms that
cannot be tested for, may also be get-
ting into the water.

14
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Fig. 11. Cattle standing in Pomme de Terre River. Pomme de Terre River is in Minnesota
but does not occur in Cross Lake lakeshed. This is only an example of how animal waste
can end up on water ways. Image source: pca.state.mn.us/water/bacteria.

High levels of fecal coliform also may
indicate that animal waste is a contribu-
tor of excess nutrient pollution to the
lake. As such, fecal coliform tests are
done as an indicator of animal waste
getting into the lake.

MANAGEMENT OBJECTIVE #4
COLLECT WATER SAMPLES TO AS-
SESS POTENTIAL IMPACTS TO LAKE
FROM FEEDLOT FECAL COLIFORM

One type of fecal coliform that can po-
tentially make a person sick is E. coli.
While most strains of E. coli are harm-
less, a few may lead to stomach cramp-
ing, diarrhea, vomiting, and/or general
nausea.

Lake Management Plan

The MPCA has set water quality stand-
ards for both fecal coliform and for E.
coli separately. In order to compare
lake water to standards, a minimum of
five samples per month is required over
at least three months of the open water
season. Provided that frequent enough
samples are collected, impairment can
be determine in one of two ways: (1)
waters with a geometric mean of 200
colony forming units (CFU) per 100 ml
and/or 126 CFU per 100 ml for E. coli
would be cause for concern; or (2) not
more than 10% of samples should con-
tain more than 1000 fecal coliform
CFU per 100 ml and/or 1260 E. coli
CFU per 100 ml.

Given the number of feedlots in the
lakeshed doing a solid year of fecal col-
iform and E. coli testing can help to as-
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Fig. 12. Parcel boundaries in the directly
contributing lakeshed for Cross Lake.
Overlaid on land use.

sess the potential impacts those feedlots
are having on the lake. Areas for as-
sessment would be points of inflow to
the lake, and any area where people
spend a large amount of time in contact
with the water (e.g., beaches).

Impervious surfaces of developed re-
gions impact water quality by carrying
increased quantities of water and nutri-
ents to surface waters due to little being
absorbed by soil or vegetation. These
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areas are primarily cities but include
industrial parks, residential neighbor-
hoods, and roadways. Total land cover
for developed land is 4% in the
lakeshed and consisting primarily of
roads and cities. The largest cities are
Pine City and Mora, with the former
being in direct proximity to Cross Lake.

Lakeshed Property Owners

The direct watershed to Cross Lake is
composed of 1,621 taxable parcels
owned by 1,199 different entities. The
majority of the parcels (61%) are less
than 1 acre in size. Less than 60 own-
ers claim 50% of the taxable land (Fig.
12).

Many larger parcels appear to be used
agriculturally. These parcels and their
owners may be good candidates for
partnering with the Minnesota Depart-
ment of Agriculture (MDA) in the Min-
nesota Agricultural Water Quality Cer-
tification Program.

The MAWQCP is a program where ag-
ricultural producers work with the
MDA and agree to implement certain
management practices to improve the
quality of water leaving farmland to-
ward lakes. Certain incentives are of-
fered to producers in exchange for
compliance with the goal of delivering
fewer nutrients to local waterbodies.
The program manager is Brad Redlin
(brad.redlin@state.mn.us or 651-201-
6489) and lake associations interested
in working with the MDA to reach out
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Fig. 13. Estimate for usage density and lo-
cations of interest. Gradient of color on the
map is expected least used (yellow) to
most used (red) portion of the lake based
on dock densities. The 15 ft depth contour
is shown to provide some insight to where
plants may be growing (i.e., < 15 ft).

to local producers are encouraged to
contact him.

MANAGEMENT OBJECTIVE #5
CONNECT LOCAL FARMERS TO
MDA MAWQCP PROGRAM

Of the 1,621 parcels in the lakeshed,
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544 (~34%) of them have shoreline
dwellings on the Lake. Currently, resi-
dential development is along the major-
ity of the shoreline.

The lakeshore has several other points
of interest, including two public access
points, one on the eastern side by the
outlet and a second on the Snake River
by the inlet. There are multiple parks
along the lakes that offer fishing piers
and carry-in opportunities. There are
also a series of docks open to the public
called the “5th Street Docks” that offer
free boat parking for users to get into
town or delivery options. A summer
camp, Sokol Camp, exists on the north-
western side.

Often management decisions are done
to provide the greatest benefit to the
most users when finite resources are
used to address problems. Where to
implement management activities such
as plant control often has a spatial com-
ponent to it. We provide a mapping of
potential intensity of lake usage by cre-
ating a heat map of lake usage based on
digitized docks from satellite photog-
raphy. The heatmap provides the num-
ber of docks within 1 kilometer. We
also provide estimated navigational
channels based on probable paths
through lake. While none of this is ex-
act and admittedly based on some sub-
jectivity, it does provide some infor-
mation about possible lake usage inten-
sity (Fig. 13).

There is also a fair amount of public
lands within the watershed. There are
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Fig. 14. Cross Lake basins with historical
MPCA sampling sites. Site points colored in
blue are recommended for annual monitor-
ing going forward as representative of the
deep portion for each basin.

three state forests with portions either
entirely within or with portions within
the lakeshed. The Solana State Forest
has 41,708 acres within the lakeshed
while the Rum River State Forest totals
19,216 acres within the lakeshed. The
Snake River State Forest is entirely
within the lakeshed totaling 9,463
acres. Additionally, there are 40,718
acres of state managed Wildlife Man-
agement Areas (WMA) and 204 acres
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on Aquatic Management Areas (AMA)
in the Lakeshed with 16 acres directly
bordering Cross Lake. WMA'’s are state
managed lands or waters that are open
to the public for hunting, trapping, fish-
ing and various other recreational activ-
ities. AMA’s are also state managed
areas along the shoreline that are open
for public use, primarily for fishing.
They typically are for the purpose of
preserving shoreline habitat as well as
providing access for anglers along
shore.

CHAPTER 4
LAKE MORPHOLOGY

Overview

By “lake morphology” we mean the
shape of the lake. A number of differ-
ent characteristics of the shape of a lake
can impact water quality, fish habitat,
and plant densities both directly (i.e.,
the actual shape of the lake) and indi-
rectly through the influence of the
shape of the lakes on how they hold
temperature and oxygen.

Wenck (2014) indicated that Cross
Lake has three separate basins that be-
have very differently from one another .
The south portion of the lake acts more
like a flow-through than an actual lake
and may be better considered a swell-
ing of the snake river (Fig. 14). Water
moves quickly through the southern
portion as it enters from Snake River
inlet and exists at the outlet. Water
generally flows from the north basin to
a middle basin to the south and out.
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Table 1. Cross Lake basin bathymetry.

Based on these different basin mor-
phometries, for the remainder of the
report the three different basins will be
described as North Cross, Middle
Cross, and South Cross Basins, respec-
tively. As described below the differ-
ences in the morphometries of each
have impacts on a variety of lake char-
acteristics including water quality.

Bathymetry

“Bathymetry” is a term used in lake
science to describe features of the lake
bottom. Generally the term is synony-
mous with measurements of depth.
Depth maps were produced by the MN
DNR in 1986. The MN DNR estimat-
ed a mean depth of 13.8 feet with a
maximum depth of 30 feet. The map-
ping effort estimated 924 acres with
472 acres (51%) classified as littoral
(Table 1).

The littoral zone is the area of the lake
over which light penetration is ex-
pected to be deep enough to allow for
rooted plant growth. While the actual
maximum depth for plant growth is a
function of water clarity, for purposes
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of standardization, the MN DNR uses
a 15 foot cutoff. A 2017 survey by
Wenck and a 2021 survey by Lim-
nopro indicate that plant growth is lim-
ited to less than 10 feet. This dept is
less than expected but consistent for
lakes with poor water quality.

Lake Stratification

Lake morphology, including maximum
depth, has an impact on stratification of
vertical water columns through the
year, which directly influences nutrient
availability and subsequently algae
concentrations through the year.

Cold water becomes increasingly heav-
ier than warm water until it reaches 39
°F at which point it starts to lighten up
until ice is formed at 32 °F (Fig. 15)
This water-temperature relationship has
important impacts to the lake environ-
ment over a given year and is the cause
of a phenomenon known as
“stratification” that is common in
lakes.

This leads to seasonal cycles with iso-
thermal (same temperature from top to
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stratification (i.e., colder water sits on
top of cold water).

During periods of stratification, layers
or “strata” of water are divided by a
thermocline (i.e., a small area of rapid
temperature decrease). The upper layer
1s called the “epilimnion” and the low-
er layer is called the “hypolimnion”.
The area between the epilimnion and
hypolimnion with a thermocline is

Fig. 15. Density of water relative to temper- called the “metalimnion” which means
ature. Density is the weight of a fixed vol-

ume of water (e.qg., 1 liter) and here scaled
to maximum equal to 1. Once froze the

; During summer stratification, wind
density of water does not change no matter . . e
hold cold it gets. mixes oxygen into the epilimnion but

deeper areas of the lake are not affect-
ed by physical impacts of wind turbu-
lence. As such, oxygen does not get
mixed in the lower layer hypolimnion.
Additionally, the thermocline creates a
density barrier that keeps oxygen from
mixing top to the bottom (Fig. 16).

“between the layers”.

bottom) for a brief period at ice-out, to
summer stratification (i.e., warm water
develops on top of cold water, to fall
turnover when the lake becomes iso-
thermal again late in the year, to winter

Fig. 16. lllustration on how differences in temperature in lake layers leads to stratification
events. Of importance is that during stratification, epilimnion becomes separated from the
hypolimnion preventing the circulation of oxygen to lower water layers.

Lake Management Plan 20
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While the supply of oxygen to the hy-
polimnion is cut off, the demand for
oxygen remains high, and in fact in-
creases over the summer. As algae,
zooplankton, and fish die during the
summer, they sink into the hypolimni-
on where bacteria break them down,
using oxygen while they do so. The
result is a buildup of available nutri-
ents and low to no oxygen near the
bottom.

This general process can also occur
during Because ice covers the lake,
there is no chance for oxygen from the
air to get into the lake to replace the
used up oxygen. During years with
little snow cover and good clear ice,
plants and algae will photosynthesize
and in the process introduce oxygen
(i.e., oxygen is a byproduct of photo-
synthesis).  Photosynthesis requires
light getting into the water, so during
years with much snow covering the
ice, little gets introduced that way.
This can sometimes lead to low
enough oxygen where there are fish
kills.

Lake scientists call these mixing
events “mixis” and classify lakes, in
part, based on how many times mixing
occurs during a year.

Deeper lakes in Minnesota mix twice
in a year, once at ice out and again
during lake fall when temperatures
drop in the lake. These lakes are said
to be “dimictic” or twice mixed. An
important characteristic of dimictic
lakes is that they stratify once during
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the open water season and stay strati-
fied through the summer. Both during
spring and fall turnover, built up con-
centrations of nutrients get mixed
throughout the lakes, which can feed
algae growth for prolonged periods of
time.

Shallower lakes behave a little differ-
ently. Because wind is generally able
to generate enough force deep enough
to keep the lake mixed during the sum-
mer, what will happen is there will be
temporary stratification events that
happen many times over the year, par-
ticularly during periods of calm, warm
weather.  Anyone that spends time
swimming in lakes feels the cold deep-
er water deep compared to the top lay-
er of water. Lakes that setup to strati-
fy many times during the year and
then get mixed are called
“polymictic”, or “many mixing
events”. Even in deep lakes, shallower
areas can be polymictic even when
deeper areas act dimictically.

Depth profiles for oxygen and temper-
ature data are published with MPCA at
varying locations for multiple years;
1994, 2006, 2007, 2008, 2009, 2010,
and 2018. For reasons discussed be-
low, having good temperature and ox-
ygen profile data are important for
making some management decisions
(Fig. 17).

Using the depth profile data, we esti-
mated the area and location of the lake
that may be subject to periods of anoxia
during the summer (Fig. 18). Anoxic
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Fig. 17. Oxygen and temperature profiles during open water season (i.e., June through Sep-
tember) from 2010 at three separate locations in Cross Lake. Oxygen stress generally be-
gins to occur around 2 mg/l. White areas on the bottom of the graphs indicate no data.

lake sediments release phosphorus,
which stimulates algae growth (see be-
low). Low oxygen (< 3.5 mg/L) near
the bottom of the lake also restricts fish
from those areas.

We determined the average depth of
anoxia based on existing data to occur
at roughly 20 feet. The zone of poten-
tial anoxia then was estimated using a
depth map and using the 20 foot con-
tour line where we found 218 acres
where there may be anoxia on any giv-
en year. Given all data, bottom hypoxia
is fully set up by 18 July and persists
through August 3 for a period of 17
days.

Given the majority of this data is rela-
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Fig. 18. Estimation of areas on Cross Lake
that seasonally stratify and might be classi-
fied as dimictic. Areas marked ‘mixed”
likely act as polymictic zones.
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tively dated, additional monitoring
should occur to improve estimates of
internal loading. The association might
purchase a dissolved oxygen meter and
take regular readings through the open
water season. A quality dissolved oxy-
gen meter can be purchased for be-
tween $1,500-$2,000 and volunteers
can easily be trained to collect data. An
industry standard and unit we use is the
YSI Pro20 Dissolved Oxygen meter
with galvanic probe although there are
other high quality instruments. A cable
will be need to be purchased that can
reach the bottom at the deepest depth.
For Cross Lake, a 10 meter (~32.8 feet)
cable should be sufficient.

Our recommendation would be to col-
lect dissolved oxygen and temperature
profiles at 1 meter increments at each
of the deep points in the three separate
basins between May and October each
year. This tool could also help with
fish management as it can be used to
monitor under ice conditions in the
winter that may indicate fish kills (see
below).

MANAGEMENT OBJECTIVE #6
COLLECT MONTHLY DISSOLVED
OXYGEN/TEMPERATURE PROFILES
ANNUALLY TO SUPPORT NUTRIENT
MANGEMENT GOALS

The discussion of mixis is not merely
academic as it directly influences water
quality due to its impact on oxygen dy-
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namics and internal loading of nutri-
ents, which according to Wenck (2014)
TMDL is the major source of phospho-
rus and thus contributor to poor water
quality it the lake.

Lake Levels

Cross Lake has its water levels main-
tained by a dam in the outlet structure
along the Snake River. The snake River
serves as the main inflow into Cross
Lake, which could be thought of as a
wide spot in the river.

Water level measurements exist spar-
ingly in various years from 1962 to
2004. In years where measurements do
exist they range from daily to monthly.
Good water level data are important for
constructing water and nutrient budg-
ets.

Based on the limited data available, the
single lowest readings reading occurred
on 7/23/1963 at 931.16 feet above sea
level (fasl) and the highest single read-
ing occurred on 4/19/1965 at 939.08
fasl. Many of the highest readings are
from 1965, when major flooding was
present in Minnesota. The 19 lowest
recorded levels are all from 1963 prior
to the dam modification.

In 2019, we had the highest precipita-
tion ever recorded in Minnesota for a
year going back to the late 1800’s.
Starting in 2020 and into 2021 and
2022 water levels were lower and nor-
mal to below normal. This has caused
reductions in water levels across the
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state which can lead to increased nutri-
ent concentrations. While we do not
have direct monitoring data likely
Cross Lake levels have been lower than
normal.

Seasonal patterns (i.e., within year) for
most Minnesota lakes during most
years, have water-levels hit a maximum
during April following spring thaw be-
fore gradually drawing down for the
rest of the open water season as evapo-
ration rates are greater than precipita-
tion. As temperatures cool into au-
tumn, water levels will rise again as
precipitation rates become higher than
evaporation rates.

Water levels are not only important
from the perspective of land owners
who seek not to be flooded yet have
enough water to provide access to the
lake, but water levels directly have an
impact on both water quality and plant
growth. High water levels dilute nutri-
ent concentrations so that water quality
tends to be improved when high water
persists and generally fewer plants
grow because the distance light must
travel through the water to the bottom
increases. The converse is true under
conditions of lower water. Nutrients are
concentrated, so water quality decreas-
es and more plants grow as light has
shorter distance to travel to the bottom.

We recommend purchasing a water lev-
el logger that can autonomously record
data once per day or even more fre-
quently. We use HOBO U20 loggers
sold by Onset at a cost of approximate-
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ly $400. Limnopro can do data man-
agement or the association could pur-
chase an entire kit (KIT-S-U20-01)
with shuttle and necessary software for
approximate $800.

MANAGEMENT OBJECTIVE #7
PURCHASE AND IMPLEMENT A WA-
TERLEVEL LOGGER FOR ESTIMAT-

ING RESERVIOR VOLUME IN SUP-
PORT OF NUTRIENT MANAGEMENT

CHAPTER 5
WATER QUALITY

Overview

The term “water quality” can be ambig-
uous because quality is a subjective
measure; however, by “water quality”
most people mean to judge how clear
the lake is at any given time.

Secchi Depth Water Clarity

The clarity of water can be measured
inexpensively using a Secchi disk, a
black and white disk of a standard size
that 1s used to judge transparency (Fig.
19). The deeper in the water the Secchi
disk can be seen, the higher the quality
of the water is determined to be.

Impairment for aquatic recreation es-
sentially says that the MPCA has
deemed the lake to not be suitable for
swimming, although the MPCA also
includes “other recreational uses” as a
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Table 2 Minnesota impaired water’s thresholds by Ecoregion. Red asterisk indicates the clas-
sification given to Cross Lake by the MPCA, which is a Class 2B NCHF lake.

criteria. For lakes that share the same
ecoregion as Cross Lake (i.e., North
Central Hardwood Forest Ecoregion),
the Secchi depth threshold is 4.6 feet
(Table 2). In other words, if the lake
consistently shows Secchi depth meas-
urements less than 4.6 feet, it has poor-
er water quality than expected. The
MPCA has determined that it can be
better.

Fig. 19. Secchi disk (top) is used to judge
water clarity through Secchi depth read-
ings (bottom) off the side of the boat.
Lakes with high water quality are trans-
parent and as such have deep Secchi
depth readings. Image source: Carleton
University.
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MANAGEMENT OBJECTIVE #8
IMPROVE WATER CLARITY TO IN-
CRASE ABOVE THE MPCA IM-
PAIRED THRESHOLD OF 4.6 FT

Cross Lake does not have many meas-
urements within the last 10 years, but
for measurements since 2006 the aver-
age June through September Secchi
depth is 3.6 feet and has not met the
standard during any year (Fig. 20).
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Fig. 20. Cross Lake Secchi depth record.
Black points indicate average values during
the summer months (June-Sept). Solid lines
are the 3-year average. Dashed red line is
the impaired waters threshold at 4.6 feet.
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Fig. 21. Contributing factors to decreased
water clarity as measured by Secchi
depth. TSS includes algae and all other
particulate matter such as sand, silt, and
clay.

As part of the MPCA’s Citizen Volun-
teer Lakes Program, of which Cross
Lake has contributed to infrequently
over the years, users judge the water
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subjectively during times the take Sec-
chi depth readings. According to these
data, users on Cross Lake perceive wa-
ter quality as “Good” when Secchi
depths are above four feet (Table 3).

Based on the 2023 Lake User Opinion
Survey, the majority of users indicated
that water clarity has remained relative-
ly constant (33%) or only declining
slightly (36%) in recent years.

Water clarity reflects the color and con-
centration of particles in the water.
Lakes lose clarity when they gain dis-
solved organic carbon (DOC), suspend-
ed sediments, and algae (Fig. 21). As
any of these increases, water becomes
less clear, or more turbid.

DOC stains water brownish, which fol-
lows mainly from color releasing from
decaying plant material in much the
same way that color is introduced to
brewed tea. DOC is an important con-
tributor to water clarity in northern
Minnesota lakes but likely less so in the
central Minnesota lakes area. DOC is a
chemical that can be analyzed from wa-
ter samples if lake groups suspected it

Table 3. Cross Lake user perception sur-
vey of water quality based on Secchi
depth from the MPCA Citizen Volunteer
Monitoring Program.

Rank Rating Secchi (ft)
1 Very Good 6.9
2 Good 40
3 Fair 3.5
4 Poor 26
5 Very Poor 23
26
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Fig. 22. Typical algae collected from lake
water magnified under a microscope by
200 times.

was an important contributor to deterio-
rated water quality. Even though there
1s not much to be done with high DOC,
if it is the primary reason for poor wa-
ter quality, strategies for nutrient reduc-
tions (see below) likely will provide
little relief. So, in that sense it may be
good to rule out as a cause of low water
clarity.

There are no DOC data available
through the MPCA but it can be in-
ferred with true color measurements
taken. True color measurements from
1994 would indicate that Cross Lake is
dark in color due to organic material.

Suspended sediments are particles and
debris that clouds water. They are the
clay, sand, silt, mud and even dead or
decaying parts of organisms that get
disturbed from the lake bottom. Water
samples can be analyzed for “total sus-
pended sediments” (TSS) and “volatile
suspended sediments” (VSS) and/or by
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difference “nonvolatile suspended sedi-
ments” (TSS - VSS = NVSS). VSS
represents the organic portion (i.e., al-
gae, zooplankton and bacteria — live or
dead). The proportion of TSS truly in-
organic (i.e., sediments) is the NVSS.

There are also not enough data on sus-
pended solids to make any conclusions
about it, though the data that does exist
suggests a strong relationship. Given
that there is a major river that directly
flows into Cross Lake, suspended sedi-
ments could be a contributor to low
clarity and it may be worthwhile to col-
lect water samples. Unlike DOC, how-
ever, suspended sediments can be man-
aged against with a variety of water-
shed BMP’s.

We do note that is no impairment for
TSS reported for in the Wenck 2014
TMDL, but the MPCA has noted that
suspended solids can elevate quickly
for brief periods during rain events.

Speculation would lead us to consider
that the primary cause of a period of
low clarity would be chlorophyll as this
is the case for most MN lakes. As
such, for managing water quality, in
general there is more focus placed on
reducing algae chronically and frequen-
cy of algal blooms over a given year.

Algae and Chlorophyll a

Algae are microscopic photosynthetic
organisms that are a primary cause of
water turning greenish (Fig. 22). The
green coloring comes from a pigment
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Fig. 23. The relationship between algae as
measured by chlorophyll a and Secchi
depth as a measure of water clarity for
Cross Lake.

within the algae cells called chlorophyll
a. There is a direct relationship between
the amount of chlorophyll a and algae
in water.

Chlorophyll a is relatively simple to
analyze using standard water chemistry
techniques while algae counts and bio-
mass measurements are laborious and
time consuming. Subsequently, chloro-
phyll a becomes a substitute for meas-
uring the amount of algae in a lake.

For times when both chlorophyll a and
Secchi depth are measured we find that
water clarity at any given time is relat-
ed to how much algae is growing in a
predictable way but the relationship is
weak and there is more variability than
we might expect but data are poor (Fig.
23). The variability could also be ex-
plained by the characteristic differences
between the north and south basins on
Cross Lake. For example, the southern
basin has a much shorter residence time
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due to the flow through of the Snake
River and there is little to no relation-
ship between chlorophyll and Secchi
depth in the deep basin. For sample
sites in the northern portion with longer
residence times the relationship is
stronger. The variability is likely a fac-
tor of both sediment and residence time
influences of the Snake River.

The relationship between chlorophyll a
and Secchi depth being weak suggests
that suspended solids in the water may
also be contributing to water clarity, but
more data are required to gain confi-
dence in that statement.

Cross Lake’s summer average chloro-
phyll concentration since 2006 is 20 ug/
l, which is higher than the NCHF
ecoregion relevant standard for Cross
Lake, which is 14 ug/l (Fig. 24). There
are no recent data exist to determine
whether the lake is impaired by algae.

45

NN W
ooo ;o
]

Chlorophyll a (ug/L)

- A
o ;oo

1970 1980 1990 2000 2010 2020

Fig. 24. Cross Lake chlorophyll a record.
Black points indicate average values during
the summer months (June-Sept). Solid
lines indicate the 3-year moving average.
Dashed red line is the impaired waters
threshold for NCHF Ecoregion at 14 ug/L.
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Fig. 25. The ‘jar test” (top) to determine likelihood that an algal bloom is potentially toxic.
Collect a sample of the bloom, being sure to wear disposable gloves and place in a refrig-
erator overnight. If when checking the jar after 24 hours, there is a clear layering at the bot-
tom, it islikely not toxic. If the layer floats to the top, it is potentially toxic. If the lake sample
does not produce layering, transfer a small amount of the water to a new jar and fill with
regular waterto dilute it. Repeat until you see layering. The “stick (or paddle) test” (bottom)
to determined whether a surface scum of algae is potentially toxic. If the algae pulled up
stays on the stick and hangs off, it is likely non-toxic. If the stick moves through the scum
and you pull it out and no algae sticks to the stick, it is likely nontoxic. If you pull it through
the water and it appears to be covered like a paint, it may be toxic.

According to the administered 2023
REDUCE CHLOROPHYLL A MEAS- tchat hlgh or severe algaf: levels were
impacting their perception of water
URE LESS THAN THE MPCA IM- ] .
quality and 82% experienced problems
PAIRED THRESHOLD OF 14 PPB ON with algae blooms.
AVERAGE OVER THE SUMMER.

The generally accepted threshold of 30
ug/l chlorophyll @ identifies what is
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considered an ‘“‘algae bloom”. All data
available indicate that the lake reaches
this threshold roughly 25% of the sum-
mer and primarily in the later portions
during August or September.

Algae blooms may be not only unpleas-
ing to look at but toxic and dangerous if
persons (or pets) come into direct con-
tact with the water such as occurs dur-
ing water skiing, jet skiing, tubing, and
etc. These types of algae are referred to
as harmful algae blooms (HABs), and
are a current point of interest for the
MPCA and lake management science.
Visual evidence of algae blooms at any
point during the year should prompt
caution about contacting water in Cross
Lake. While microscopic assessment by
trained workers is required to determine
whether a particular alga is capable to
producing toxins, lake volunteers can
perform simple tests to determine
whether certain blooms of algae are
toxic forming groups by using the “jar”
test and the “stick” test (Fig. 25). This
works because HABs are actually pho-
tosynthetic bacteria and have a different
structure than “regular” non-toxic green
algae.

The amount of algae that can grow is
determined by nutrients, primarily the
availability of phosphorus in the water.
Phosphorus drives algae growth, which
drives water clarity.

Algae are produced when solar energy
is used to put together nutrients in the
water to build cells. While there are
dozens of nutrients that are required to
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construct algae cells, phosphorus is
considered a “limiting” nutrient. This
means that the amount of algae (and
subsequently chlorophyll @) is most of-
ten directly regulated by the amount of
phosphorus in a lake.

One other contender for that role is ni-
trogen. These two nutrients are general-
ly in shortest supply in the environment
relative to demand for growing algae;
however, it 1s phosphorus that we typi-
cally focus on unless there is strong ev-
idence to the contrary for other causes.

Both nitrogen and phosphorus are used
in agricultural fertilizers, but whereas
nitrogen easily dissolves in water and is
carried to the lake through run-off,
phosphorus is sticky to the dirt. This
means that less of it dissolves in water
and reaches the lake so that lakes in
general are phosphorus starved relative
to other nutrients, including nitrogen.

Phosphorus as a Limiting Nutrient

Overall, based on available data, water
quality as measured by Secchi depth,
chlorophyll a, and total phosphorus
would be considered poor by most ob-
jective measures on Cross Lake. This
can be a consequence of multiple fac-
tors related to phosphorus inputs. The
lake drains a large area and receives
flow from multiple impaired waterbod-
ies.

The impaired threshold for phosphorus
in lakes of the NCHF ecoregion is 40
ug/l. The summer average since 2006
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Fig. 26. Cross Lake total phosphorus rec-
ord. Black points indicate average values
during the summer months (June-Sept).
Solid lines indicate the 3-year moving aver-
age. Dashed red line is the impaired waters
threshold 40 ug/l.

has been 95 ug/l, and there is not a
sampled year where the average is be-
low the standard, but again recent data
are scarce (Fig. 26).

MANAGEMENT OBJECTIVE #10
REDUCE TOTAL PHOSPHORUS SUCH
THAT LEVELS MEASURE LESS
THAN THE MPCA IMPAIRED
THRESHOLD OF 40 PPB ON AVER-
AGE OVER THE SUMMER.

Given the central role of phosphorus in
driving water quality conditions, one of
the most important pieces of baseline
data for evaluating for methods of re-
mediation on a lake is a “phosphorus
budget”.

Lake Management Plan

The MPCA attempts to construct phos-
phorus budgets for some of Minneso-
ta’s 10,000 lakes as part of larger wa-
tershed TMDLs. A Total Maximum
Daily Load (TMDL) is a regulatory
concept associated with the US Clean
Water Act that aims to determine the
maximum amount of phosphorus that
can enter impaired waters such that the
waterbody can still meet water quality
standards.

While these provide some initial indica-
tion of phosphorus budget, the resolu-
tion and data used to determine these
TMDLs might not have the sort of in-
formation that allows specific manage-
ment activities for lakes, and as such
specific lake phosphorus budgets are
still useful. The MPCA aims to have
TMDLs done for each of Minnesota’s
watersheds once every ten years. The
MPCA awards the construction of
TMDLs to engineering companies, and
in the case of Snake River Watershed
this was done by Wenck. The last ap-
proved TMDL for Snake River Water-
shed, which includes Cross Lake was in
2014. The next scheduled one is target-
ed to begin 2028.

A phosphorus budget identifies sources
and sinks of the nutrient. In general,
we divide phosphorus contributions to
the lake into external and internal
sources (Fig. 27). External sources of
phosphorus to the lake includes
amounts delivered by streams flowing
into the lake, sheetflow runoff from the

surround landscape, septic inputs,

31



CROSS LAKE OF PINE COUNTY
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Fig. 27. A generalized phosphorus budget for a lake showing differences between external
and internal loadings. Image source: water on the web.

groundwater flows, and nutrients deliv-
ered via precipitation and dryfall direct-
ly to the lake. Internal sources includes
recycling of phosphorus into the water
column from the lake sediment by
chemical conditions, wind, pumping
from rooted plants, release of from
plants, particularly curlyleaf pondweed,
and bottom stirring fish like carp and
bullhead if they exist in the lake.

External Phosphorus Sources. During
snow melt and precipitation events,
some water will flow over the land in
the watershed and move sediments that
contain phosphorus, from the land, to
the lakes. How much nutrients gets
moved from land to the lakes depends
on annual rainfall and land use types.

Forests and wetlands tend to absorb
phosphorus in sediments, reducing the
amount that flows to lakes. Agricultur-
al and urban areas tend to allow more
phosphorus to lakes.

Some phosphorus exists naturally in
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soils but it is a fertilizer that is often
used in agricultural areas to improve
crop production. The majority of runoff
over land gets into lakes through stream
inflows or sheetflow (i.e., water that
moves across the landscape and dumps
into the lake without first intercepting a
stream). Tile line inputs might be con-
sidered additional sources but there is
difficulty in knowing where precisely
water collected to tile lines is coming
from.

Finally, external sources of phosphorus
also includes direct inputs to the lake
from precipitation, dry deposition (e.g.,
insects or leaves blowing into the lake)
and phosphorus from groundwater sup-
plies. Generally all of these sources are
dilute compared to what gets washed
into the lake from stream inflow or sur-
face sheet flow to the lake during pre-
cipitation events.

Wenke (2014) TMDL estimated exter-
nal contributions of phosphorus to the
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Fig. 28. Annual loads of phosphorus to Cross Lake as determined in Wenck TMDL (2014).
Loads are associated for North and Middle Cross Lake only. WWTF are loads for waste
water treatment facilities. Diffusive load from South Cross can generally be thought of as
contribution from Snake River. Orange slices are interpreted as “external” and green as

‘internal” sources.

lake as being approximately 30%. Of
note, they only budgeted for North and
Middle Cross as a single unit with
South Cross considered as a river ex-
pansion. Their model predicted ap-
proximately 20% of phosphorus getting
into the lake over a year come directly
from the watershed and another 9%
coming into the two basins as diffusive
flow from South Cross (Fig. 28).

Management efforts to control phos-
phorus from reaching the lake are gen-
erally referred to as Best Management
Practices, or BMP’s. There is an over-
whelming literature that exists on BMP
methods but most fall into one of two
categories: methods to intercept and
detain water or methods to filter water
prior to it reaching the lake.

BMP’s that detain water will hold it for
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a period of time to let sediment settle
out prior to the “cleaned” water slowly
making its way to the lake. Most com-
mon ways detention is done is through
the construction or restoration of wet-
lands. Historically, wetlands have been
drained in order to make land more
amenable to agriculture.

Filtration methods have water flow
through some medium that can poten-
tially strip out nutrients prior to water
reaching the lake. These are typically
iron or lime filtration systems. Both ef-
fectively strip phosphorus out of oxy-
genated water as it flows through.

Given the obvious impact that the
Snake River would have as an inflow to
the system, consideration of filtering
water prior to it dumping into South
Cross Lake would be worthwhile as a
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Table 4. Summary of common best management practices (BMPs) for reducing external
phosphorus to lakes. Source: Minnesota Stormwater Manual (2022).

means to reduce external loading of
phosphorus to the lake. Iron-sand fil-
ters are a common way to strip phos-
phorus from entering waters. Inputs
from engineers will be required to de-
termine whether this is feasible for the
snake river inflow, even if upstream
some distance.

MANAGEMENT OBJECTIVE #11
CONSIDER METHODS FOR INTER-
CEPTING PHOSPHORUS ENTERING
CROSS LAKE FROM SNAKE RIVER
INFLOW

The MPCA has created some excellent
guidance on BMPs published in their
Minnesota Stormwater Manual and
available to the public at storm-
water.pca.state.mn.us/index.php/

Lake Management Plan

Process for selecting Best Managem-
ent_Practices (Table 4).

Regarding agricultural loads to the
lake, it is important to recognize that
while agricultural practices historically
may have contributed a lot of nutrients
as runoff to lakes, practices in agricul-
ture have improved greatly and devel-
opments have led to more nutrients be-
ing kept from lakes.

Internal Phosphorus Sources. Internal
sources of phosphorus are those that do
not come directly from rain or stream
flow but that have accumulated over
time in lake sediments and get recycled
in the lake. Lakes act as a net sink for
phosphorus, meaning there are more
nutrients that flow in externally than
flows out of the lake.

Phosphorus that is stored in the lake’s
sediments can be recycled to the water
column either directly through sedi-

34



CROSS LAKE OF PINE COUNTY

Table 5. Sediment chemistry as reported in Wenck (2014) TMDL for

Cross Lake.

ment loading or by being taken up into
plants and then released when the
plants die off for the year. Lakes with
significant amounts of curlyleaf pond-
weed can also pump phosphorus from
sediment to the water column as they
grow and then die and decompose in
early summer. Large populations of
carp can also redistribute phosphorus
from the bottom of the lake to the water
column as they root around in the mud
to feed. Following is a brief discussion
of each of these three internal sources.

Sediment Loading. ~ When there is
abundant oxygen near the bottom sedi-
ments in the lake, the iron in the sedi-
ment holds on to phosphorus. This ef-
fectively removes it from being availa-
ble in the water column to promote al-
gae growth. During periods of the year,
due to either temporary or permanent
summer/winter stratification, when bot-
tom of the lake loses its oxygen, a
chemical reaction occurs where iron
will release phosphorus back into the
water column where it can be used by
growing algae.

The cycle in the lake of having oxygen
available sometimes but not others can
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act as a sort of pump that introduces
additional phosphorus into the lake
over and above that which enters exter-
nally. Even if all external pathways
were shut down, many lakes would still
struggle with poor water quality be-
cause of this pumping or “internal load-

29

ing.

An important step in estimating the
contribution of sediment loading to
lakes is collecting lake bottom mud
from the deepest areas of the lake to
have them assessed for their ability to
release phosphorus under anoxic condi-
tions.

As part of the 2014 TMDL, Wenke had
sediment cores collected and analyzed
in each of the three basins of the lake,
finding extraordinary high rates of an-
oxic release rates (Table 5). These are
some of the highest rates, we have seen
and likely indicate that internal loading
is a significant problem for adding nu-
trients to the lake. The 2014 TMDL
estimated that approximately 70% of
the phosphorus in the lake that fuels
algae growth comes from anoxic inter-
nal loading.

Lakes with notable internal loading
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problems are sometimes managed with
aluminum sulfate, or “alum”, which
works the same way as iron does except
that its binding ability to phosphorus
does not depend on how much oxygen
is in the water.

Using alum to curb internal phosphorus
loading is a well-tested but expensive
management tool to implement, costing
in the range of $2,000 - $3,000 per acre
for whole lake treatments; however, in
stratifying lakes like Cross, it is often
not necessary to dose the entire lake but
rather target areas of known anoxia,
which requires knowing the size and
location anoxic areas in the lakes.

Aquatic Plant (Curlyleaf Pondweed)
Contributions. Aquatic plants are not
limited by water nutrients but rather
light. They get their nutrients from the
sediment where they are plentiful.

While most plants will die and decom-
pose during the later part of the year,
releasing phosphorus when it is too
cold to be well utilized for algal
growth, the invasive curlyleaf pond-
weed is different. It can be a particular-
ly high contributor to phosphorus be-
cause it dies off during the part of the
year when it matters most around the
first part of July at a time when water
temperatures are optimal for algae
growth.

Previous aquatic plant surveys indicate
that curly leaf pondweed is in Cross
Lake, but not dense or particularly
abundant.
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Efforts to control curlyleaf pondweed
can have the potential impact of im-
proving water quality. Methods for do-
ing so are provided later in the chapter
on aquatic plants.

Carp Contributions. Cross Lake has
had carp since at least 1981. Carp are
invasive fish species that are known to
cause water quality problems due to
their feeding behaviors. Carp eat aquat-
ic plants and root around in the lake
bottom for insects and other inverte-
brates. By destroying plants, roots are
lost that would otherwise hold together
sediments and keep phosphorus in the
mud. As carp dig around in the mud
for food, they also suspend sediments,
add oxygen, and release some of the
phosphorus from the lake.

Bajer et al. (2016) was able to make an
estimate of a threshold of when a cer-
tain amount of carp in the lake may be
a significant contributor to poor water
quality. According to their research,
the threshold is 89 lbs/acre. Some of
their other research indicates that ideal-
ly carp should be controlled to be at
less than 45 lbs/acre, and at 178 Ibs/
acre, most lakes cannot support the
growth of any plants (Bajer 2017).

During 2022, the Cross Lake/Snake
River Association hired Carp Solutions,
a company that specializes in estimat-
ing carp populations in lake to deter-
mine the current conditions of the lake
after observations were made by Lim-
nopro during a routine aquatic plant
survey that carp may be problematic.
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Fig. 29. Relationship between carp bio-
mass and plant cover in lakes as pub-
lished by Bajer et al. (2016). Asterisk
added shows position of Cross Lake for
both plant coverage and carp biomass
(101 Ibs/acre = 113 kg/ha).

They estimated Cross Lake carp bio-
mass at 101 lbs/acre, which is between
the thresholds of concern.

While Carp Solutions advised biomass
was probably not high enough to war-
rant control, you might consider that
given biomass is so close to the thresh-
old, attempts to control now relative to
waiting for biomass to increase would
be easier. We would also make the
point that given the nonlinearity of the
relationship in Bajer et al. (2016) re-
ducing biomass near the threshold had
a larger impact on plant coverage and
presumably water quality than control-
ling at the tails of the curve (Fig. 29).

It is worth noting that Cross Lake is a
highly connected waterbody to other
potential sources of carp, and any man-
agement strategy for carp would have
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to take into account the potential for
populations from other lakes to migrate
to available space in Cross Lake.

If management of carp is desired, the
first effort should be to find spawning
areas. Carp spawn in shallow wetland
areas in the spring. Newly hatched fish
will often remain in these wetland areas
for their first couple years before mi-
grating to the main lake body. Trap
nets can be set in suspected areas to de-
termine where reproduction might be
occurring. Once spawning areas are
found, methods can be designed to re-
duce recruitment, whether that includes
barriers, drawdown, or other physical
means of removal.

Carp Solutions estimates that no serious
production of young has happened in
awhile on Cross Lake and spawning
likely happens elsewhere.

Bluegills are known predators to carp
eggs and either stocking those or aerat-
ing wetlands so that bluegills can sur-
vive and may assist in controlling carp
populations (e.g., Silbernagal and
Sorensen 2013). In fact, lakes with
healthy bluegill populations tend to
have fewer problems overall with carp
(Bajer 2017). Cross Lake has bluegill
populations within the normal range.

Carp removal typical involves commer-
cial fishers taking carp during the win-
ter through the ice as carp are known to
aggregate during that time. Alterna-
tively, removing carp can be done with
bait traps during the summer. In either
case, it is important to target removal of
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/ Solving Eutrophication Problems \

External Load? Internal Load?

/T, s

Point Source? Nonpomt Source?  Sediment Source? Macrophyte Source?

1. Diversion . Sewer 1. Alum Treatment . Community Alteration

2. Wetland Filtering 2 Runoff Control 2. Deep Water Withdrawal 2 Chemical Treatment
3. Dilution/Flushing 3. Deep WaterAeration 3. Mechanical Removal

4. Artificial circulation 4. Dredging

5. Biomanipulation

Fig. 30. Common methods for lake restoration from eutrophication (modified from Cooke et
al. 1993. Restoration and Management of Lakes and Reservoirs. Boca Raton: CRC

Press,Inc.

enough biomass to reduce populations
below the threshold; otherwise, carp
can quickly replace themselves through
reproductive efforts.

A well done carp management program
can be quite labor intensive and expen-
sive, but the State of Minnesota pro-
vides some grant help with carp man-
agement through offerings of the Clean
Water Fund monies administered by the
Board of Water and Soil Resources
(BWSR).

MANAGEMENT OBJECTIVE #12
REDUCE/ELIMINATE CARP IN
CROSS LAKE

There are a number of different ways
that phosphorus control can occur (Fig.
30). One of the important points for
potential management of phosphorus in
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lakes is that overwhelmingly prioritiz-
ing internal management over external
management will likely provide a more
immediate lake response. This is be-
cause even if all external loading was
cut off there can still be a lot of phos-
phorus already in the lake from runoff
events over the last hundreds of years.

A number of research papers have dis-
cussed this point. For example, Os-
good (2017) did a review of hundreds
of lakes and phosphorus control activi-
ties and concluded that while most ex-
ternal reductions reduce phosphorus
loads to the lake by less than 25%, over
80% load reductions are reduced to
show a difference in lakes. He discuss-
es how an 80% reduction in external
loads is virtually impossible. At the
same time, a number of studies indicate
internal load reductions, principally us-
ing alum, can reduce water column
loads by 80-95%.
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Table 6. Summary of common methods for reducing internal phosphorus to lakes. Source:
MPCA State and Regional Gov Review of Internal Phosphorus Load Control (2020).

The MPCA recently came out with
some guidance to manage internal
loads of phosphorus to lakes. It con-
tains a summary of the most common
methods and their application (Table
6).

As foundational as phosphorus is to the
behavior of the lake, and given the ab-
sence of lake specific nutrient budget,
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we recommend as a priority of 1-3 year
lake specific phosphorus budget to be
completed for the lake.

MANAGEMENT OBJECTIVE #13
COMPLETE AN UP-TO-DATE DE-
TAILED PHOSPHORUS BUDGET
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Completed alongside Wenck (2014)
TMDL for the Snake River Watershed
including Cross Lake was a regulatory
document with the acronym “WRAPS”,
which stands for “Watershed Restora-
tion and Protection Strategy”. Water-
shed WRAPS and TMDLs are sched-
uled on a rotating basis on a targeted 10
year rotation. The TMDL and WRAPs
were both approved by the MPCA in
2014, which means this year (2024) is
the 10 year mark. Most recent sched-
ules indicate that the Snake River is not
scheduled for new TMDLs or WRAPS
until 2028.

The WRAPS report provides specific
goals and activities that are meant to
reduce nutrient loads to lakes. We have
reproduced portions of the WRAPS
from 2014 that directly address nutrient
reduction for Cross Lake (Table 7).
Some of these goals have the Cross
Lake/Snake River Association as an
entity that is primarily responsible for,
and of note, those activities are focused
on “internal loading” piece of nutrient
reduction, principally in managing sedi-
ment release of phosphorus to the lake
and management of curlyleaf pond-
weed.

The primary responsibilities for manag-
ing watershed and external contribu-
tions of phosphorus to the lake are the
Snake River Watershed Management
Board (SRWMB) and the Soil of Water
and Conservation District (SWCD).
The WRAPS report has 10 year interim
goals, which should be due this year
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(2024). We would recommend identi-
fying responsible individuals at both
SRWMB and SWCD to discuss pro-
gress on the goals. Without member-
ship of Cross Lake/Snake River Associ-
ation requiring some accountability for
goals in the WRAPS plan, it is possible
that all of the monitoring objectives and
goals published in that document have
made and will continue to make little
progress toward completion. These re-
ports and goal setting activities based
on monitoring cost the state a lot of
money and there is always a concern
that the creation of planning documents
stop at the planning process. We would
recommend a lake association volun-
teer that can be a liaison between the
lake association and the appropriate
representatives of SRWMB and SWCD
to ensure progress is being made on the
WRAPS goals.

MANAGEMENT OBJECTIVE #14
APPOINT A LIASON TO SRWMB AND
SWCD TO ENCOURAGE THEM TO
WORK TOWARD WRAPS GOALS

Water Quality Seasonally

Up to this point, we have focused on
annual average conditions. Briefly we
discuss how Secchi depth, chlorophyll
a, and phosphorus dynamics occur over
a typical open water season in Cross
Lake (Fig. 31).
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Table 7. Strategies to work toward getting Cross Lake off of the impaired waters list. Tar-
get data for completion of activities is 2035 with 2024 interim goals. Table is reproduced
from Snake River Watershed WRAPs (2014).

On average, the lake’s water quality is through the year with the lowest water
best in spring, deteriorates slightly be- clarity occurring in August and Sep-
ginning in June and remains impaired tember.
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Fig. 31. Cross Lake average seasonal pat-
tern shown as medians for all data stored
at MPCA.

Following ice-out in the spring, colder
temperatures keep algae growth rates
low, which can provide clear waters.
Algae tends to be at low concentrations
during May and June and then increas-
es for the remaining year.
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In lakes with curlyleaf pondweed, the
plants stabilize lake sediments in the
spring, keeping them from mixing into
the water column to introduce nutrients
for algae growth. This keeps the lake
clear during spring. Once the curlyleaf
pondweed dies back around the begin-
ning of July, it can release additional
nutrients to the water column and no
longer is as effective in keeping sedi-
ments tied down to the bottom.

A few water chemistry labs in Minne-
sota offer a “Lake’s Package” that of-
fers chlorophyll a and total phosphorus
chemistry on submitted samples at a
reduced cost (~$250-300 annually) to
Lake Associations. These data are used
for long term monitoring in thousands
of lakes in the state through the MPCA
with their Citizen Lake Monitoring Pro-
gram (CLMP).

The MPCA has several long term sta-
tions that have been established for the
past few decades. We recommend sea-
sonal sampling between June and Sep-
tember at their stations 102 (North
Cross), 103 (South Cross) and 202
(Middle Cross). This is one of the most
important longer term efforts that can
be made for work on the lake as it pro-
vides the best perspective through time
of any unusual changes as well as pro-
vides a basis for obtaining funding for
lake important projects.

Two of the most used chemistry labs
that directly work with supplying data
to the MPCA include AW Research La-
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boratories in Brainard, MN and RMB
Environmental labs in Detroit Lakes,
MN. Both have a lakes package and
use SpeeDee Delivery as a courier.
These water quality records are im-
portant tools for monitoring and pro-
vide a baseline for detecting unusual
changes fast provided they are collected
on a regular basis. It should be noted
that these data have been regularly col-
lected by either the lake association or
government entity.

MANAGEMENT OBJECTIVE #15
REGULAR WATER MONITORING
FOR SECCHI DEPTH, CHLOROPHYLL
A, AND PHOSPHORUS MONTHLY AS
PART OF THE MPCA CITIZEN LAKE
MONITORING PROGRAM

Below for completeness, we report and
briefly describe a number of other
chemistry variables that have historical-
ly been measured on Cross Lake and
compare these to similar lakes in the
region. None of the other parameters
look to be outside the expected range or
anything to be concerned about. signif-
icance that may have.

Other Chemistry

The MPCA has stored records of addi-
tional chemistry that was collected at
Cross Lake. We summarized these data
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and compared them to the average
range of values for all lakes in the
Snake River Watershed (Table 8). Data
from the last 10 years was used unless
none exists, then data from the entire
monitoring period was used.

Other chemistry data include infor-
mation on nutrients and ionic chemis-
try. These data were collected histori-
cally but it is unclear what they were
collected for and as such are of limited.

True Color (PTU) — A measure of the
color of the lake attributable to dissolv-
ing humic substances that can some-
times give water a “tea-stained” appear-
ance. This color is separate from either
algae or suspended in organic matter
and can provide shading to the water,
reducing light penetration of subse-
quently of algae growth. Color in Min-
nesota < 20 PCU is considered clear,
devoid of humic substances; 20-50
PCU has moderate and > 50 PCU dark
coloration. Data from a single year in
1994 indicated average PCU of 92, sug-
gesting significant coloration.

Total Suspended Solids (TSS) — A
measure of suspended solid particles
stirred up in the water column. These
suspended particles can be either organ-
ic or inorganic. Organic TSS include
live/dead algae, live/dead zooplankton,
dead fish tissues, or other very small
living or recently living things. Inor-
ganic TSS includes all the particles sus-
pended in the lake that have a nonliving
origin (e.g., clay, sand, silt). Data from
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Table 8. Select water chemistry from MPCA comparing Cross Lake to the 17 lakes in the

Snake River Watershed for which data exist.

Watershed data are reported as Lower and

Upper expected range as mean plus/minus one standard deviation respectively. Column
labeled “N” is the number of lakes for which the parameter was measured. Comparisons
were made for average value per lake over past 10 years (2013-2023). ND = no data. Pa-
rameters with an “ * ” did not have any measurement from within the last 10 years and the

entire data range was used.

1994 exists for this parameter, which
gives an average of 6.4 mg/l, which is
less than the established level of con-
cern statement from the MPCA of 10.0
mg/l. It is also lower than lakes in the
watershed

Volatile Suspended Solids (VSS) — A
measure of organic TSS (see above)
that can easily be determined and used
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to estimate the inorganic fraction of the
TSS. Inorganic TSS can be determined
as the difference between TSS and VSS
such that nonvolatile suspended solids
(NVSS= inorganic TSS) is NVSS=TSS
-VSS. Data from 1994 exists for this
parameter, which givens value of 3.52
mg/l, indicating that most of the TSS
(55%) in 1994 was organic and 45%
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was inorganic. The values are low and
not of great concern.

Alkalinity (CaCQ;) — Alkalinity is a
measure of (1) the ability of the water
to neutralize acids and how well the
lake responds to rapid changes in pH
and (2) the availability of inorganic car-
bon as a food source to algae. Alkalini-
ty gives an indication of how sensitive
a lake would be to acid rain or to acid
mine drainage. Cross Lake has high al-
kalinity (74 mg/L CaCOs;) than other
lakes in the watershed but within range.

Alkalinity should be higher than 20
ppm for the protection of aquatic life
living in the lake. Alkalinity is also re-
lated to hardness, which i1s a measure of
calcium and magnesium ions. MN and
EPA based thresholds identify lakes
with < 50 ppm as soft, 50-150 ppm as
medium, and >150 ppm as hard. Data
used from 1994 and a single measure-
ment from 2018 showed an average of
85 ppm. Using that, the lake is classi-
fied a medium alkaline lake.

Calcium — In Minnesota, calcium-poor
lakes are those with < 10 ppm and cal-
cium rich waters are defined as those
with > 20 ppm calcium. Calcium is
thought to be an important limiting fac-
tor to zebra mussel survival. Studies
indicate that lakes with less than 10 mg/
1 of calcium cannot support zebra mus-
sels while those between 10-12 ppm
have very low risk, 12-20 ppm low risk,
20-28 ppm moderate risk, and > 28
ppm high risk. There are no data on
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calcium concentrations within Cross
Lake, but other lakes in the watershed
are considered to have low to moderate
concentrations of calcium. An estimate
of calcium may be useful to gauge po-
tentially suitability for zebra mussels.

Chloride — High chloride levels can oc-
cur in Minnesota with runoff from salt
that is used on winter roads or water
treatment plants and sometimes from
water softeners. The MPCA warns for
chloride levels that have reached 230
mg/l. It is an 1on that is not used by fish
or plants and thus once it gets into the
lake it remains there in the form it ar-
rived. Chloride levels in
Cross Lake were 4.1 mg/l, which is
very low when averaging 1994 samples
with a single 2018 sample.

pH — Pure water has a pH of 7 and
lakes that have pH < 7 are said to be
“acidic” while those pH > 7 are said to
be “basic”. Aquatic organisms are hap-
piest at a pH between 6.5 and 8.5.
Cross Lake has a pH of 7.37, which is
ideal and similar to other lakes in the
watershed.

Specific Conductance — A measure of
electrical conduction in the lake, which
indicates overall concentration of
charged particles without interest in
their particularly speciation. The major
positively charged ions in a lake are

calcium, magnesium, sodium, and po-
tassium and the major negatively
charged ions are bicarbonate, sulfate,
and chloride. lons are charged mole-
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cules required by algae to grow. Many
ions correlate well to high nutrients and
productivity. Specific conductance is
easily and often measured with a field
meter. It does not require special labor-
atory methods and can be read directly
in the field inexpensively. Cross Lake
has a relatively rich record of data back
to 2006, indicating an average of 193
uS/cm. The only limit set by the state
of Minnesota is for agricultural irriga-
tion to use water with < 1,000 uS/cm.
Based on that Cross Lake is well below
any levels of concern.

Sulfate — Sulfate is known to be a limit-
ing factor to the growth of wild rice in
Minnesota lakes. MN studies show
wild rice will not grow in lakes with <
10 ppm, which is a threshold set for
lakes known to historically produce
wild rice. There is no measurement of
sulfate concentrations in Cross lake, but
other lakes in the watershed have low
concentrations.

Also included in Table 8 are standard
nutrient measurements for Secchi
depth, chlorophyll a, total phosphorus,
organic carbon, and nitrogen. For ni-
trogen, the total nitrogen is separated
into Total Kjeldahl Nitrogen (TKN)
(i.e., organic) and inorganic nitrogen.
Chemistry methods to get these parts
differ so that they are often reported
this way. TKN, the organic form of
nitrogen, generally dominates in form.
Often TKN will be a good surrogate for
total nitrogen.
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Fig. 32. Different types of vegetationfound
in a typical lake including emergent,floating
leaved, and submergent plants. Micro-
scopic algae also exist in the water col-
umn and are plant-like but not trueplants.
A lake’s ‘littoral zone” is the areafrom the
shore out to the middle of the lake where
light gets deep enough to allow plants to
grow.

CHAPTER 6
AQUATIC PLANT MANAGEMENT

Overview

Lake scientists categorize plants into
four convenient groups, which include
emergent, submergent, rooted plants
with floating leaves, and non-rooted
plants with floating leaves (Fig. 32).

While algae do photosynthesize like
plants, they do not possess roots, stems,
or leaves and subsequently are not true
plants. Most algae are microscopic, but
a few species are multi-celled plant-like
organisms that include the likes of fila-
mentous algae, muskgrass or starry
stonewort (Fig. 33). Even though these
species are not truly plants, given their
similarity to plants they are surveyed
along with them.
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Fig. 33. Some typical macroalgae that look like plants. Algae have different biology than
plants and as such require different methods for management.

The general composition of a lake’s na-
tive plant community can indicate how
healthy a lake is because some species
of plants are more tolerant to poor wa-
ter quality and disturbance than others.
For example, lakes with poor water
clarity will favor species that grow to
the surface where it is easier for them
to intercept sunlight. This condition is
usually not preferable to lake users be-
cause plants growing to the surface can
cause nuisance. Historical plant sur-
veys for Cross Lake indicate sparse
coverage of plants with common spe-
cies that are of this type (see below).

According to the Lake User Opinion
Survey of 2023 for Cross Lake, 71% of
respondents indicated that they experi-
enced problems with aquatic plants
with 51% indicating an increase in
plant coverage and densities relative to
what they remember.
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One of the principal, but not only, cul-
prits in creating nuisance plant condi-
tions on a lake are invasive plant spe-
cies. As such, quite a bit of effort by
lake associations is put forth in survey-
ing and treating invasive plant species.

Invasive plant species are species that
originate from other continents that,
because of their life history characteris-
tics, outcompete native plants for sun-
light and nutrients. When these species
are introduced to a lake they have not
previously been found in, they cause
problems that reduce the recreational
value of a lake because they often grow
densely and close to the surface. When
this type of growth occurs, they shade
out the water column and reduce native
plant diversity. Cross Lake is known to
have populations of two invasive plant
species: curlyleaf pondweed and Eura-
sian watermilfoil (see below).
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Fig. 34. Example of three types of aquatic plant surveys commonly done in Minnesota for a

fictious lake.

Aquatic Plant Survey Types

There are a few different ways that
aquatic plants in lakes are surveyed,
and each has different goals and meth-
ods. These are point intercept surveys,
meandering delineation surveys, and
hydroacoustic surveys (Fig. 34).

Point intercept surveys are the most
complete and are best for knowing
where in the lake different species of
plants exist as well as the relative den-
sities of each species. These are also
really good for finding new invasive
species, not previously known to exist
in a lake. Standard point intercept
surveys are conducted a spatial resolu-
tion of 1 point per littoral acre but sur-
veys at the finer resolution of 1 point
per half acre.

Meandering surveys are an invention of
the MN DNR and are their preferred
method of having boundaries of inva-
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sive species mapped prior to chemical
or mechanical treatments. These are
not full lake surveys but typically use
previous information or knowledge
about where an invasive species is on
the lake to reconfirm their presence and
extent.

Hydroacoustic surveys cover the entire
lake and give an unbiased estimate of
both coverage and density of plants, but
unlike point intercept surveys, they do
not tell you what kind of plants are be-
ing recorded. Some of the output from
these surveys is spatial information de-
scribing “biovolume percent” (BV%)
and depth to top of the plant canopy.
BV% is a measure of the percentage of
the water column depth occupied by
plants. The depth to plant canopy is the
distance between the surface of the wa-
ter and the top of the plants in a given
area. More information on BioBase
processing and data output can be
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learned at www.biobasemaps.com.

Because aquatic plants play such an im-
portant role in water quality, fisheries
habitat and people’s ability to recreate
on the lake, regular efforts to survey the
plant community are highly recom-
mended as budget allows. At a mini-
mum, point intercept surveys should be
repeated every three years.

MANAGEMENT OBJECTIVE #16
COMPLETE REGULAR POINT INTER-
CET SURVEY AT A MINIMUM OF
ONCE PER THREE YEARS SPLIT BE-
TWEEN JUNE/AUGUST EVENTS

Past Survey Results

The MN DNR had done aquatic plant
surveys on Cross Lake in 1955, 1971,
1981, 1990, 1998, 2000, 2007, and
2014. Wenck Engineering conducted an
aquatic point intercept survey on May
31, 2017 over the entire lake. Lim-
nopro did a whole lake point intercept
survey divided into down bouts in
2021, one done in June and the other in
August.

The MN DNR rarely does who lake
surveys and often are determining only
presence and absence over parts of the
lake. Wenck’s (2017) survey was
done during late spring, principally to
determine curlyleaf pondweed cover-
age. Subsequently, their survey would
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not have described well the plant com-
munity during middle summer. Lim-
nopro’s (2021) survey was decided into
two sessions, one for late spring and the
other mid-summer and as such likely
provides the most complete assessment
of the plant community up to that date.

A more thorough treatment of plant
community results can be found in
Wenck (2017) and Limnopro (2021).
For the purposes of this plan, summary
information only is provided.

The highest number of plant species
found during any single event was 28
(Table 9). In most of the surveys on
record, water celery, waterlilies, fila-
mentous algae and coontail were the
most frequently encountered species.
All of these tend to be favored in lakes
with poor water quality and can grow
near to the surface and cause nuisance.
Total coverage for plants in the littoral
zone for the most recent survey was
34%, which is low, and plants were
mostly restricted to depths of less than
10 ft (Fig. 35). In lakes with better wa-
ter clarity, plants tend to be found rou-
tinely to 15 ft. This 10 ft weed line
depth result was similar to what Wenck
found in 2017.

Curlyleaf pondweed was found cover-
ing an estimated 23 acres (~3%) of sites
sampled and Eurasian watermilfoil was
estimated to be covering 19 acres
(~3%) (Fig. 36). Notably, Wenck
(2017) recorded higher coverage of
both curlyleaf pondweed (~20%) and

49



CROSS LAKE OF PINE COUNTY

Table 9. Summary of plant surveys on record as reported by Wenck (2017) and Limnopro
(2021). Column headers show year of survey. Surveys from 1955-2007 only indicate presence
(P) of species. Surveys from 2014-2021 are frequency of occurrence (i.e., percent of sites sam-
pled with at least one individual). Surveys from 1955-2014 were done by MN DNR, 2017 done by
Wenck, and 2021 by Limnopro. Species are sorted by highest to lowest occupancy based on
Limnopro’s latest survey.

Eurasian watermilfoil (~7%). No other Management of curlyleaf pondweed
aquatic invasive plants were found dur- has occurred since 2014 and Eurasian
ing any existing plant survey. watermilfoil since 2016. The first rec-
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Fig. 35. Percentage of sites at a given
depth where plants were present in 2021.
Dashed line represents a three point mov-
ing average.

ord of curlyleaf pondweed was made in
1981 and Eurasian watermilfoil in 2004
(Wenck 2017).

Hydroacoustic surveys by Limnopro in
2021 indicate that plants do reach the
surface in the Northern more shallow
bays and by the Pine City river landing.

In general, the plant community is typi-
cal of a lake with poor water quality.
Our recommendation is to manage for
increase in coverage of plants, particu-
larly of species that do not favor sur-
face growth. There is some concern for
continued reduction of plant mass with
negative feedback loop leading to poor-
er water quality.

It is a common misperception that
aquatic plants are limited in growth by
nutrients in the water column. It is not
correct to think that as lake nutrient lev-
el increases, there are more plants in
the lake. In fact, just the opposite usu-
ally occurs. As nutrients increase in the
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water, microscopic algae (i.e., phyto-
plankton) use them to grow, which cre-
ates shading and reduces rooted plant
growth. At the extreme, lakes with ex-
traordinarily high nutrients may grow
so much algae that there are no rooted
plants. Rooted plants get their nutrients
from the sediments at the bottom of a
lake, not the water column. There is
abundant nutrients in the sediments.

Aquatic plants are not limited by nutri-
ents, but by the availability of light.

Fig. 36. Locations of aquatic invasive spe-
cies found in Cross Lake for surveys in
2021.
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Fig. 37. Simplified life cycle for filamentous algae through the year. Rocks or other hard sur-
faces are colonized on the bottom of the lake. Algae grows to a mass on the rock surface,
detached and floats to the surface or gets entangled in surface plant growth.

High water clarity can lead to dense
plant growth throughout the littoral
zone. On the flipside of this, low water
clarity can lead to minimal plant
growth throughout the littoral zone.
The shallowest areas can still grow
plants that are able to grow in lower
light conditions can still reach nuisance
levels by growing to the surface to in-
crease light availability.

Not unlike many Minnesota lakes, resi-
dents on lake struggle with growth of
nuisance filamentous green algae
(FGA). Coming out of the winter, FGA
exists either as zoospores (single celled
reproductive cells) or partially grown
filaments from the last year (Fig. 37).
In the spring, as conditions become
warmer and light becomes more in-
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tense, these leftovers from last year
start to grow into new filaments. At
some point conditions become too
warm or they start to get shaded and
growth slows down. This causes a gen-
eral weakening of the filaments that can
break when disturbed by lake currents
or other water movement. and the al-
gae becomes stressed. The filaments
become weak and dislodge. Because
FGA are photosynthesizing they are
producing oxygen which gives them
buoyancy and allows them to float to
the surface where they surf until they
run into something like plants or a
shoreline. Later in the year, if the FGA
gets trapped in plants, they can contin-
ue their growth and even produce new
Zoospores.
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One potential experimental way of alle-
viating FGA is through chemical or
mechanical means. Chemical products
containing copper are used sometimes
to control algae. Mechanical harvest-
ing can also be useful by scooping up
surface mats. These are both temporary
fixes as FGA is fast growing and will
replace lost mass quickly. One experi-
mental way that to our knowledge has
yet to be tried would be applying a
phosphorus precipitating compound
(e.g., alum or Phoslock) to areas where
FGA removal was occurring with the
hope that this removes additional nutri-
ents to keep the FGA from returning so
quickly.

FGA is not only hard to recreate around
but also is known to create fouling of
shorelines. This has been written about
a lot with Great Lakes, and it’s been
shown that decomposing FGA on
shorelines can create fowl odors and
can also provide habitat for fecal coli-
form bacteria that may cause illness in
people or pets.

Importance of Plants in Lakes

While lake users sometimes see aquatic
plants and algae as a nuisance, they do
serve a role in the lake ecosystem.
They reduce wave impacts to shorelines
as well as stabilize sediments, keeping
nutrients out of the water column that
might otherwise lead to poor water
quality. Aquatic plants also provide
habitat and food for other organisms in
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a lake. These benefits refer to the
“conservation value” of plants.

Just because aquatic plants have con-
servation value, it does not follow that
more plants equals greater value. In
fact, it i1s well known that the highest
conservation value for a plant commu-
nity occurs at (1) intermediate coverage
and densities, (2) highest species diver-
sity, and (3) the highest growth form
diversity, meaning mixes of broadleaf,
narrow leaf, canopy forming and lower
growth forms.

With regards to fish, a common misun-
derstanding is that the more vegetation
there is on a lake, the better the fishing.
In fact, most studies on optimal cover-
age of plants in the littoral zone suggest
between 40 and 60 percent to be best
for fish (Verhofstad and Bakker 2019,
Valley 2004, Dibble 1997).

Plants in a lake only provide one sort of
habitat for fish; there are other types of
habitats of importance including open
space, gravel, edges, coarse woody de-
bris and more. For example, walleye
spawn in open shallow gravel areas.
Members of the sunfish family (e.g.,
largemouth bass, bluegill, pumpkin-
seed, and etc.) and crappie build nests
in open water. The more plants in a
lake, the less of the other types of habi-
tat.

Fish rely on plants for both habitat
(e.g., refuge/hiding) and for food (e.g.,
the insects, snails, worms, zooplankton,
and smaller fish) that are living within
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the plant matrix.  Studies show that
when there are too many plants, preda-
tory fish, particularly young of the year
fish have a harder time finding prey and
as a result grow slower and have a low-
er probability to making it through their
first winter to recruit to the adult popu-
lation (Bettoli et al. 1992, Dibble 1997,
Olson et al., 1998).

Another problem for fish living among
dense plants is that dense plants restrict
water movement. As such, areas within
dense beds of plants can lose oxygen.
Fish need abundant oxygen to live and
grow, and macrophyte induced hypoxia
is known to be detrimental to fish
growth and survival (Moore et al.,
1994, Miranda and Hodges 2000, Kill-
gore and Hoover 2001).

For all of the preceding reasons, man-
aging for intermediate rather than maxi-
mum amounts of plants in a lake is best
for a healthy fishery.

In a 2019 scientific review paper enti-
tled “Classifying nuisance submerged
vegetation depending on ecosystem ser-
vices” published in the Journal of Lim-
nology by Michiel Verhofstad and Elis-
abeth Bakker, based on dozens of pub-
lished studies, they found that people
experience nuisance plant growth both
when total coverage of the bottom is
high and when the plants that grow,
grow near to the surface (Verhofstad
and Bakker 2019).

Subsequently, their recommendations
focus on working to achieve optimal

Lake Management Plan

depth of the canopy below the water
surface (i.e., distance from surface of
the water to the top of plants) and opti-
mal plant coverage (i.e., the percentage
of lake bottom that grows plants) to
support both recreation and habitat for
organisms that live in lakes, particular-
ly fish (Fig. 38).

MANAGEMENT OBJECTIVE #17
ACHIEVE AVERAGE LITTORAL
ZONE AQUATIC PLANT COVERAGE
OF 40-60% WITH CANOPY DEPTH OF
LESS THAN 3 FT

Minnesota Rules and Regulations for
Plant Management

Minnesota has a well codified set of
rules for plant management, and differ-
ent rules apply to invasive species than
to native species.

Chemical or mechanical treatment of
offshore areas where invasive plant
species such as Eurasian watermilfoil
or curlyleaf pondweed are growing re-
quires an Invasive Aquatic Plant Man-
agement (IAPM) permit, which is ap-
proved by the regional MN DNR AIS
Specialist within Ecological and Water
Resources Division with a general al-
lowance of up to 15% chemical treat-

ment over the littoral zones of each
lake.

The “15% Rule” is a rather arbitrary
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Fig. 38. A Case study (water depth = 2 m) classification of nuisance macrophyte vegetation
by plant canopy depth and plant cover depending on ecosystem services provided by the
aquatic system. Letters indicate that macrophytes are classified as nuisance for each
anthropogenic function: B1 = small recreational boats; B2=large recreational boats; F=
fishing; S= swimming; H=hydrodynamics, i.e. water flow in this case. For a graphical
representation, see C. Darker (red) fills indicate more services are impaired by
macrophytes. B Probability of maintaining two important ecosystem services (i.e. clear
water and fish populations) in shallow aquatic systems considering the total area of the
ecosystem. Lighter fills are generally considered more desirable for the stability of the clear
water state. The school of fish indicates the plant cover that is suggested as optimal for fish
populations. Fish size has no informative meaning. C Graphical representation of the
ecosystem services impaired by submerged plant growth, as reported in A. Modified from
Verhofstad and Bakker 2019. Red boxes on plots indicate average conditions of Cross
Lake during 2021 survey.

percentage. There is not good scientific MN DNR for curlyleaf pondweed in
support to fix the treatable acreage to Minnesota are of the contact variety
15% over any other number. and include endothall (Aquathol K or

Chemical herbicides allowed by the Hydrothol 191) or diquat. - As contact
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herbicides, these chemicals will kill
portions of the plants they come into
contact with but leave underground
portions of the plants as well as turions
behind to grow back. Of the two con-
tact herbicides, diquat is much less ex-
pensive. It requires less contact time so
that it does better at treating smaller
areas compared to endothall.

One concern for using diquat is that it
has a tendency to bind with clays in
suspended sediments. It is not appro-
priate for lakes with high suspended
sediment or in conditions when high
winds have stirred up sediments. En-
dothall does not bind in a similar way
to sediments as diquat. There is also
some suspicion, though weak data sup-
port, that suggests diquat is more dam-
aging to some fish, principally newly
hatched walleye. As such the MN
DNR has a list of diquat-restricted
lakes where diquat is not allowed to be
used until after June 1, which is too late
to be used for curlyleaf pondweed.
Cross Lake is not on the diquat restrict-
ed list and as such would not need to
use endothall.

In our experience, diquat provides bet-
ter control than does endothall and en-
dothall comes at a cost of 4-12 times
that of diquat depending on the concen-
tration used. That being said, using di-
quat in plots on the southern portion of
the lake may be less effective as it may
bind to sediments present in the water
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from inputs to the Snake River.

MANAGEMENT OBJECTIVE #18
ASSESS SPRING COVERAGES ANNU-
ALLY OF CURLYEAF PONDWEED
FOR DETERMINATION OF HERBI-
CIDE TREATMENT OPTIONS

Treating Eurasian watermilfoil is gen-
erally done differently than curlyleaf
pondweed. Eurasian watermilfoil can
be treated later in the year and there are
systematic herbicides that can be used
to garner long-term control. We have
had very good success doing late sea-
son treatments of Eurasian watermilfoil
using 2,4-D. The MN DNR and some
other applicators have been using a
new product called ProcellaCOR that
also seems to be effective but costs
more than 2, 4-D. The drawback of
using systematic herbicides like 2,4-D
or ProcellaCOR is that it takes longer
to get a kill, generally it can take 3-4
weeks to see dieback. The benefit is
that you can kill entire plants. Late
season treatments can really help keep
populations low the next year. If Eura-
sian watermilfoil is causing current
year nuisance issues, a systematic can
be mixed with diquat or another con-
tract herbicide to get some immediate
relief coupled with longer term control.

56



CROSS LAKE OF PINE COUNTY

Fig. 39. Mechanical harvester removing nuisance plants.

MANAGEMENT OBJECTIVE #19
ATTEMPT TO ERADICATE OR CON-
TROL EURASIAN WATERMILFOIL
USING SYSTMATIC HERBICIDES
SUCH 2,4D OR PROCELLACOR DUR-
ING SUMMER

While MN Statutes allows up to 15% of
the littoral zone to be treated, local MN
DNR AIS Specialist has complete dis-
cretion at granting permits and may not
be willing to permit this maximum.
MN rules allow for direct appeal to the
MN DNR Commissioner for reconsid-
eration if the local MN DNR AIS Spe-
cialist does not provide a ruling you
agree with (MN Rules Part 6280.0250).

In some cases where an invasive spe-
cies is especially severe lake associa-
tions can petition the MN DNR under
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the same rule, for a variance to the 15%
rule so that they can treat more, try
novel chemical types, or use other regu-
larly restricted activities. A number of
conditions need to be met to have a var-
iance granted including the develop-
ment of a technical management docu-
ment written by the MN DNR AIS spe-
cialist called a Lake Vegetation Man-
agement Plan, or LVPM.

Whether or not a variance is granted is
up to the regional MN DNR AIS Spe-
cialist, although there is a provision for
appeal if decisions are not favorable.
Typically, for consideration of an
LVMP there has to have been a number
of prior years of active management
program, including surveys and treat-
ments that fall under the standard rules.
A first step in this direction is to write a
Cooperator LVMP Request & Lake Da-
ta Summary, which presents to the MN
DNR a record of past plant manage-
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Table 10. Some typical methods for controlling nuisance plant growth in lakes.

Biological Insect control

Native plant
transplantation

Experimental with Eurasian watermilfoil and purple loosestrife. No current commercially available
solution currently. Results vary.

Native plant transplanting of beneficial species to compete with nuisance plants. Permits can currently
be obtained. Cost is mostly labor. Not practical over large areas

Halflife  Plant Use restrictions

Chemicals Chemical Family I Target Plants Cost per acre
(days) response (Irrigation)
Copper Contact 3 10 days 0 days Algae $500.00
Diquat Contact 7 7 days 3-5 days Most submerged vegetation $350.00
Endothall Contact 7 14 days 0 days Most submerged vegetation $800.00
2,4D Systematic 75  2weeks 21 days Watermilfoils, coontail, water lilies $650.00
Fluridone Systematic 21 90 days 30 days Most submerged vegetation $200.00
Glyphosate Systematic 14 4 weeks 0 days Emergent and floating leaved plants $250.00
ProcellaCOR  Systematic 2 2 weeks 30 days Watermilfoils, coontail, water lilies $400.00

Mechanical Harvesting

Hand pulling
Physical  Dredging

Drawdown

Method is nonselective, cosmetic, and short-term. May spread invasives and stir nutrients into water
column. Costs vary between $1,000 - $1,500 per acre.

Great for new, small infestations of AlS. Not practical for large infestations. Labor costs only.

Removes whole plants and seeds/turions. Long term and effective soluiton but is expensive (~$5,000-
$10,000 per acre) with many logistical problems to overcome.

Winter drawdown can freeze kill plants and propagule banks. Must have somewhere to move water. Not
always practical. Water regulation infrastructure can be expensive.

ment and requests activities outside of
what would be allowed by normal
rules.

Mechanical harvesting is another com-
mon way allowed to treat nuisance
aquatic invasive species. It can provide
some immediate relief but can also lead
to spread of plant fragments so they
drift around (Fig. 39). Harvesters used
in Minnesota do not remove entire
plants but rather remove the top portion
of plants, leaving some stems behind
for grow back. This effectively means
that it is necessary to wait to harvest
plants until they are near fully grown,
mature, and reproductively active.

Minnesota rules allow treatment of up
to 50% of the littoral zone where AIS
exist. Costs for doing mechanical har-
vesting vary by company, but currently
average between $1,000-$1,200 per
acre, which is approximately 3-4 times
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the cost of treatment with chemical
herbicides per unit area.

It is also possible to mix chemical and
mechanical control, but if both are used
the total amount of acreage treated can-
not exceed 50% of the littoral zone.
The upshot is that when combined the
maximum treatable acreage would be
15% littoral acreage with chemical plus
35% littoral acreage mechanical.

While there are other ways that nui-
sance plants are controlled in lakes,
chemical treatments are generally more
effective, affordable, and less disturb-
ing to the ecosystem than other meth-
ods that might be relied upon (Table
10).

The Lake User Opinion Survey indicat-
ed that 31% of people surveyed sup-
ported the legal use of chemical to con-
trol plants, 57% support mechanical

58



CROSS LAKE OF PINE COUNTY

harvesting, and 36% indicate they sup-
port the use of both.

Minnesota rules for managing native
plant species such as water celery or
filamentous algae are much more strict
than those that apply to invasive spe-
cies. Management permits for treating
native plants is done through the MN
DNR Fisheries Division Aquatic Plant
Management (APM) program. APM
permits can be applied for and granted
for either navigational channels in the
lake or individual property owners.

In the case of navigational channels,
standard permits grant treatment of a 50
ft wide channel through portions of the
lake boaters are likely to use to move
through the lake.

In the case of individual shoreline APM
permits, homeowners may be allowed
to treat just a portion of their personal
shoreline, most often up to half of the

width of the shoreline they own out to
50 or 100 feet lakeward.

In either case, whether APM permits
are applied to navigational channels or
individual shorelines, these permits al-
low up to two seasonal chemical treat-
ments of aquatic plants along property
owner shorelines if aquatic plants im-
pede the ability of the property owner
to use the lake. Treatments associated
with APM permits can either be admin-
istered through a commercial applica-
tion company or the lakeshore resident
themselves.

In addition to chemical treatments,
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there is some experimental work that is
being done in transplanting desirable
native plants in areas where there is an
abundance of nuisance native and AIS.
Permits can be obtained from the APM
program for native transplants. Help-
ing to establish desirable natives may
help to control undesirable plants.

We recommend to continue manage-
ment of invasive species and improve
water quality to allow for the growth of
more desirable species. In general,
monitoring conditions to be able to
adapt to changes quickly is ideal. Point
intercept surveys once every three years
at a minimum to provide a baseline can
help to stay on top of emerging prob-
lems before they get out of hand. Giv-
en the lake has curlyleaf pondweed, di-
viding up the survey into two bouts
similar to the 2021 Limnopro survey is
advised.

CHAPTER 7
AQUATIC INVASIVE SPECIES
MANAGEMENT

Overview

Minnesota has at least 29 different
aquatic invasive species (AIS) present
in lakes or rivers (Table 11). Most of
these were transported to the USA
through the Great Lakes by transatlan-
tic shipping vessels. Some of the ones
that cause the biggest issues in Minne-
sota are native to lakes in Europe and
Asia.

In their native habitat, our AIS do not
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Table 11. Aquatic invasive species report-
ed to occur in Minnesota lakes or rivers by
either the MN DNR or EDDMaps, which is
a national repository for AlS reports.

cause problems and are typically only a
minor part of the flora or fauna. This is
because in their native lakes, they have
natural competitors and predators that
they have equilibrated with over a long
period in time. When these AIS find
their way to Minnesota lakes, those
natural competitors and predators are
missing and so population growth of
AIS can explode.

As far as we know, Cross Lake is in-
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fested with curlyleaf pondweed, Eura-
sian watermilfoil, and common carp.
Other AIS that are not yet in Cross
Lake but of concern because of their
impacts on lakes or their proximity in-
clude starry stonewort, zebra mussels,
spiny waterflea and rusty crayfish.

Curlyleaf Pondweed

Our current understanding of curlyleaf
pondweed is that it is native to the con-
tinents of Africa, Asia, Australia, and
Europe and was introduced to Minneso-
ta lakes in the 1880’s either intentional-
ly or inadvertently along with carp.

Curlyleaf pondweed is easy to identify
when mature, having a “lasagna noo-
dle” like leaf appearance (Fig. 40). Itis
Minnesota’s only pondweed with curly
leaves that has serrated, or toothed, leaf
margins and a rounded, rather than
pointed, tip. It may be difficult to iden-

Fig. 40. Curlyleaf pondweed form. Left
shows the characteristic lasagna noodle
appearance with round tip while right
shows a close up of the toothed leaf mar-

gin.
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Fig. 41. Curlyleaf pondweed idealized life
cycle (black solid area) interposed with
“native” plants (hollow green area).

tify for many people when immature
because it does not have the character-
istic curling and can be mistaken for
other similar looking plants.

Two of the reasons curlyleaf pondweed
is such a successful invader is that (1)
its mode of reproduction occurs vegeta-
tively through turions, and (2) the tim-
ing of its life cycle allows it to avoid
competition for resources with native
plants by growing earlier in the year
than most other aquatic plants in Min-
nesota.

Curlyleaf pondweed can reproduce
both sexually (flower stalks protrude
from the water surface to produce
seeds) and vegetatively by creating
structures called “turions”. Studies in-
dicate that rates of germination for
seeds is very low, suggesting that most
new growth of curlyleaf pondweed oc-
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curs through turions (Bolduan et al.,
1994).

Turions grow at the nodes of branches
on the curlyleaf pondweed plant. Turi-
ons looks like miniature pine cones,
can last for many seasons, and are very
hardy against extreme conditions, in-
cluding being resistant to herbicide
treatments. The consequence of this is
that even if plants are controlled in a
given year, the bank of turions that re-
main behind means that the next year
population growth will continue una-
bated. This makes long-term control of
curlyleaf pondweed very difficult.

The general life history schedule of
curlyleaf pondweed in Minnesota
where Cross Lake occurs starts at ice-
out. Curlyleaf pondweed is one of the
first plants to grow in the spring after
ice-out before most native plants have
grown (Fig. 41).

Once determining the timing of turion
generation and aiming to treat plants
prior to such, progress can be made to-
ward evaluating long term success but
direct sampling of turions year over
year in treated areas compared to non
treated areas.

Eurasian watermilfoil

Eurasian watermilfoil is the other
aquatic invasive plant species in Cross
Lake. The 2021 survey by Limnopro
indicates it is growing in small areas
around the lake.
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Fig. 42. Example of nuisance growth of
Eurasian watermilfoil surface matting.

Eurasian watermilfoil shares some of
the characteristics of curlyleaf pond-
weed, particularly an affinity for lakes
with low water clarity in the summer
brought about by high nutrient loads
and a propensity to grow to the surface
(Fig. 42).

Eurasian watermilfoil is native to Eu-
rope and Asia and was introduced to
the eastern United States in the early
1900’s, first discovered in Minnesota in
1987 at Lake Minnetonka in central
Minnesota.

The best way to identify Eurasian wa-
termilfoil from the majority of native
watermilfoils, of which approximately
half a dozen exist in Minnesota, is the
“leaflet” counts. All watermilfoils have
four leaves coming off of a central axis.
The extensions off of the leaves are
called leaflets. If there is more than
eleven pairs of leaflets, it may be sus-
pected of being Eurasian watermilfoil
(Fig. 43).

Recently, in Minnesota there has been a
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developing hybrid watermilfoil prob-
lem in lakes. Hybrid watermilfoils are
crosses that occur naturally in lakes
where Eurasian watermilfoil have been
introduced and native watermilfoils al-
ready exist. Hybrid watermilfoil has
been shown to grow more aggressively
in lakes than Eurasian watermilfoil and
displayed some resistance to typical
chemicals used to control Eurasian wa-
termilfoil (Glisson and Larkin 2021).

Hybrid watermilfoils can be difficult to
identify because it has characteristics of
both Eurasian watermilfoil and native
watermilfoils. Keeping an eye on the
watermilfoil population in the lake will
be important to stay on top of any sud-
den increase in spread.

In lakes with both curlyleaf pondweed
and Eurasian watermilfoil, there can
develop codominance of the two plants
in the spring and dominance of Eura-
sian watermilfoil later in the summer.
Unlike curlyleaf pondweed which dies
off at the beginning of July, Eurasian
watermilfoil remains a part of the plant

Fig. 43. Leaflets as identifying character-
istics of Eurasian watermilfoil.
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Fig. 44. Eurasian watermilfoil (EWM) generalized life cycle in the Upper Midwest. Source:

Michigan Tech Research Institute.

community through the year (Fig. 44).

Starry stonewort is a macroalgae first
detected in Minnesota in Lake Koronis
(Stearns County) in 2015. Currently
(2024), there are 28 different lakes in
the state known to have starry stone-
wort. Since first discovered, they have
infested an average of 2.5 additional
lakes a year. While this number is low
relative to the total number of lakes in
Minnesota, it is important to under-
stand that approximately 12 of these
infestations occur in lakes with public
accesses within 100 miles of Cross
Lake. The closest starry stonewort in-
fested lake is Medicine Lake which is
approximately 60 miles south Cross
Lake (Fig. 45).

Starry stonewort can be identified using
the star-shaped bulbils along with
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Starry Stonewort

Fig. 45. Maps show points where starry
stonewort currently known to exist. Bull-
seye is centered at Cross Lake with yellow
ring showing 25 mile radius, yellow + red
ring showing 50 mile radius, and the yel-
low + red + blue ring showing mile radius.
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Star shaped bulbil

Long prong

of fork

Short prong
™~~~ offork

Fig. 46. Starry stonewort characteristics. The star-like bulbils (left) are not always present but
often visible in late summer. The forked ends of the branches of the plant are asymmetric
with one prong longer than the other (right). Photo credit:NY Dept of Environment.

asymmetric forked ends (Fig. 46). The
best time to search for starry stonewort
is August-September when the plant
reaches its peak seasonal biomass and
they produce their characteristic white
starshaped bulbils.

The Minnesota Aquatic Invasive Spe-
cies Research Center (MAISRC) has a
program called the Starry Trek, where
volunteers will perform spot checks
during this time. Purposeful searching
from volunteers or professionals each
fall 1s highly recommended in order to
launch a rapid response should it be
found.

Costs of treating starry stonewort have
been high and effectiveness in control
has been difficult in some lakes. For
example, Lake Koronis has spent up-
wards of a million dollars on the prob-
lem. In other lakes, early detection has
seemed to aid greatly (e.g., Grand
Lake) in keeping the infestation under
control.

Lake Management Plan

MANAGEMENT OBJECTIVE #20
ANNUALLY SEARCH AT PUBLIC
BOAT LAUNCHES FOR STARRY
STONEWORT AND/OR PARTICIPATE
IN “STARRY TREK”

Zebra mussels

Zebra mussels are ecological engineers
meaning they change the lake in a way
that has system wide impacts.

Zebra mussels have several negative
impacts to lakes that includes biofoul-
ing (i.e., making a mess at high density
on shorelines and hard surfaces), risks
from being cut when their shells are
stepped on, and by changing the ecolo-
gy of lakes in a number of ways that
includes increasing water clarity, plant
coverage and biomass, and reducing
oxygen (Fig. 47).

Zebra mussels compete with zooplank-
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Zebra Mussels

Fig. 47. Typical impacts of zebra mussels on lakes. Zebra mussels decrease oxygen, in-
crease available phosphorus, increase aquatic plants, and increase water quality. Source:

Strayer, D.L. 2009. Frontiers in Ecology and the Environment.

ton for algae changing how energy is
distributed through the food web. Re-
cent research has shown that they likely
have negative impact on walleye popu-
lations and maybe entire fish communi-
ties (Hansen et al. 2020).

Zebra mussels can also change the al-
gal community structure via selective
feeding on green algae. They ignore
cyanobacteria in favor of the smaller
and more palatable green algae species.
Cyanobacteria, or blue green algae, are
responsible for harmful algal blooms.

Zebra mussels are easy to identify as
triangular  fingernail-sized  bivalves
(i.e., having two connected shells) with
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distinctive “zebra-like” striping (Fig.
48).

They were first detected in Mississippi
River and Lake Superior in 1995. They
did not turn up in inland lakes until

Fig. 48. Zebra mussels are small triangu-
lar shaped bivalves (left). They commonly
attach to hard surfaces and aquatic plants

(right).
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Fig. 49. Maps show points zebra mussels
(right) currently known to exist. Bullseye
is centered at Cross Lake with yellow ring
showing 25 mile radius, yellow + red ring
showing 50 mile radius, and the yellow +
red + blue ring showing mile radius.

2004, first in Ossawinnamakee Lake
within Crow Wing County.

They are now found in nearly every
lake-rich area in Minnesota (Fig. 49).
They are currently listed as being found
in 628 lakes, rivers and streams. In
2022 alone 43 new waterbodies were
listed, with 28 being added in 2023.
The rate of lake infestation in Minneso-
ta is higher for zebra mussels than any
other AIS that is being tracked.

Of all lakes listed as infested, 554 of
628 occur within 150 miles of Cross
Lake. Mille Lacs, which is one of the
more popular lakes in the state, is near-
by to Cross Lake is infested with zebra
mussels.
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While some experimental methods are
being tried around the state to control
new infestations, there has yet to be ap-
proved any effective way to remove
zebra mussels once they get into a lake.

Spiny Waterflea

Spiny waterflea are microscopic zoo-
plankton that so far are concentrated in
the arrowhead region of the Minnesota;
however, they are known to occur in
the Rum River watershed in Mille Lac
Lake. These animals can be problemat-
ic because they compete with native
zooplankton and can replace them.
While native zooplankton are a favorite
food for young of the year fish, spiny
waterflea are difficult for young of the
year fish to eat because of their “spiny
tails”. Consequently, spiny waterflea
may reduce fish recruitment in a lake.
There is currently no effective way to
remove spiny waterflea from lakes.
Sixty eight lakes in Minnesota are cur-
rently known to be infested with spiny
waterflea. The closest is Mille Lacs
lake.

Rusty Crayfish

Rusty crayfish are an invasive crayfish
that can replace native crayfish. Rusty
crayfish eat plants among other things
and as such they can reduce lake plants.
When lake plants are reduced, sedi-
ments become suspended and nutrients
introduce to the water, which can lead
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to algae blooms. Rusty crayfish can
have similar effects as carp in that re-
spect. They have a higher metabolic
rate, meaning they need to feed much
more than native crayfish, and tend to
forage during day, which is not com-
mon for native crayfish.

Currently, rusty crayfish occurs in con-
centrated areas of Cass and Hubbard
counties in addition to the metro area
and Mille Lacs. There is currently no
effective way to control for rusty cray-
fish once they get into a lake.

There is a known infestation of rusty
crayfish in the Snake River with two
individuals being found near the Mora
River Access in 2019 and 2022.

Miscellaneous

Three emergent plant species that have
been causing problems in Minnesota
include purple loosestrife, reed canary
grass or flowering rush. All can out-
compete native emergent plants such as
cattails and bulrush, creating near mon-
ocultures. This reduction in biodiversity
can impact nutrient cycling and wildlife
habitat. Purple loosestrife was detected
within Pine City south of the lake in
1991. Reed canary grass has been dis-
covered east of the lake in Cheng-
watana State Forest in 2009. There is
no flowering rush in the immediate vi-
cinity of Cross Lake.

A number of invasive fishes exist in
Minnesota lakes and include several
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carp species (common, bighead, silver,
and grass), round goby, ruffe, and white
perch. Cross Lake has historically had a
moderate biomass of common carp. A
full discussion of the carp issue is pro-
vided in Chapter 2 on water quality.

Other, less known probably less distrib-
uted aquatic invasive species known to
exist in Minnesota lakes include banded
and Chinese mystery snails, brittle nai-
ad, faucet snails, New Zealand mud
snails, and red swamp crayfish. None
of these are present in Cross Lake.

Managing invasives species risks is
best done when infestations are new
and not widespread (Fig. 50). This de-
mands purposeful searching for new
infestations, which can be done through
specific early detection activities or
plant searches.

Whether it be by hiring surveys profes-
sionally or using volunteers, annual

Fig. 50. Generalized AlS invasive curve.
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searches of AIS should occur at points
where AIS would be most likely to in-
filtrate the lake, which includes public
boat launches, beaches, fishing piers,
resorts, and inlets.

In addition to a program to search for
AIS, a rapid response plan that includes
a budget reserve for emergency and
rapid treatments along with steps to
take to be in a position to quickly ad-
dress new infestations.

The AIS early detection and rapid re-
sponse plan should focus most closely
on searching for starry stonewort as it is
one of the only where quick action and
management can provide control. Ear-
ly detection portion of the plan involves
how you will search for new infesta-
tions on the lake annually, while the
rapid response portion needs to identify
individuals and processes to follow if a
suspected AIS is found (e.g., Limnopro,
MN DNR AIS Specialist, and etc.).
The rapid response portion of the plan
should also have some funds allocated
for paying for an attempt at eradication
as the state may not fund an adequate
response.

MANAGEMENT OBJECTIVE #21
DEVELOPMENT OF AN AQUATIC IN-
VASIVE SPECIES EARLY DETECTION

AND RAPID RESPONSE PLAN

MAISRC offers a program that pre-
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pares citizens for early detection of
common AIS in the state. Their train-
ing provides for training in identifica-
tion and processes for responding.
Having someone or better a group of
individuals on the lake with such train-
ing could help with early detection to
give the best chance possible of control.

MANAGEMENT OBJECTIVE #22
BOARD MEMBERS OR RESIDENTS
ENROLL INTO MINNESOTA AQUAT-
IC INVASIVE SPECIES RESEARCH
CENTER EARLY DETECTOR COURSE

CHAPTER 8
FISHERIES MANAGEMENT

Overview

Fishing in Minnesota lakes is one of the
primary reasons people choose to live
on or visit Minnesota lakes annually.
Many of the decisions made by the MN
DNR about what management activities
can occur on a lake, whether that be
water quality improvements or reduc-
ing of nuisance plant growth, centers
around attempts to create strong, sus-
tainable fisheries.

The Lake Opinion User Survey admin-
istered for this lake management plan
had 92% of respondents indicating that
they actively fish on Cross Lake with
19% saying their main form of recrea-
tion is fishing. The most popular fish
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species targeted were crappie (25%),
walleye (20%), and sunfish (18%). The
least targeted species was bass which is
targeted by 7% of respondents.

MN DNR Fisheries Division surveys
have been done approximately every
four years on Cross Lake since 1981.
Detailed summaries of each of these
surveys, including data and a narrative
summary are provided on the MN DNR
lakefinder link.

The general theme of these narratives
from the perspective of MN DNR Fish-
eries are as follows. The lake has been
historically managed for walleye and
musky through active stocking even
though there is some evidence of natu-
ral reproduction of both species in the
lake. More recently, sunfish manage-
ment has ensued with experimental bag
limits. The diversity of species (i.e.,
the number of different species) in
Cross Lake is higher than other compa-
rable lakes. For most gamefish species,
catch rates are low but opportunities for
catching large fish are present.

Some evidence exists to suggest that
there is natural reproduction occurring
for each of these species. In particular
for walleye, stocking efforts to date
have been evaluated to have very little
impact on the walleye fishery, which
has low catch rates relative to other
fisheries. This result is consistent with
published research that indicates wall-
eye stocking to not be an effective way
to improve fisheries when there is natu-
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ral reproduction going on. Recently,
management has expanded to panfish
by reducing bag limits from 20 to 10
per day. Musky were assessed using a
mark-recapture method (see below) as
part of a targeted survey in 2015. At
that time, a statistical assessment of
musky population in the lake was be-
tween 47 and 68 fish. That survey con-
cluded that opportunities to catch
musky are low when compared to other
musky lakes in the state but that if a
fish is caught the likelihood that the
fish would be large is high.

During spring of 2022, a special regula-
tion went into effect that reduced bag
limit of sunfish from 20 to 10 per day
as an attempt to product current size
structure of the fishery and improve op-
portunities to catch large sunfish. A tar-
geted survey was done in 2022 to get a
baseline of fish densities and size, find-
ing an average catch of 5 fish per trap
net with an average length of 8 inches.
These data can be compared with future
catch rates for comparison after the
special regulations have been in place
for a period of time.

Approximately 82% of respondents
stated that the quality of the fishing is
average or better, and 60% think the
quality has not changed much in recent
years. At the same time, 35% say that
the fishery has gotten worse.

Standard MN DNR surveys use a com-
bination of gillnets and trap nets to sur-
vey fish communities. Gillnets are gen-
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erally placed offshore and target larger
fish, best for assessing adult walleye
and northern pike, while trap nets do a
fair job of assessing nearshore commu-
nities of smaller fish, including panfish
(i.e., members of the sunfish family).
Neither of these methods are adequate
for assessing true density of fish but do
potentially give an indication of relative
abundance between years in a given
lake.

We note that some fish species are not
well sampled by either standard gillnets
or trapnets. In particular for Cross
Lake, these include musky and bass.
Musky require larger than standard gill-
net to get an adequate representation
and bass and generally assessed by
electrofishing.

In general for most fish species, elec-
trofishing will give a better indication
of density than trap nets. It is more la-
bor intensive and not used as frequently
as gillnets and trapnets by the MN
DNR. Most recently, in 2021, electro-
fishing was used to estimate carp popu-
lation densities.

The best methods for assessing fish
population density is to use what is
called a “mark-recapture” efforts. This
is a series of capture events over a short
time where fish are caught, marked, re-
leased, and recaptured. The ratio of
marked to unmarked fish in the recap-
ture is used with standard statistical
methods to estimate entire population
sizes. With the number of lakes the
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Table 12. Fish species caught in Cross
Lake (1981-2022) as reported by MN
DNR.
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Fig. 51. Summary of MN DNR Fisheries survey data categorized by trophic group. “Catch”
on the top is the total number of fish caught per unit (net) effort. “Biomass” on the bottom is
the total catch per unit (net) effort multiplied by the average size of the fish.

MN DNR is in charge of managing, do-
ing mark—recapture methods on a regu-
lar basis over many lakes is not feasi-
ble. Thus, the standard surveys with
gill nets and trap nets provide some in-
formation while trading off accuracy.

With those caveats in mind, the follow-
ing is a summary of the standard sur-
veys done on Cross Lake.

Over all surveys, a total of 45 different
species have been caught in Cross Lake
back to 1981 (Table 12). These can be

assigned to different trophic level clas-

Lake Management Plan

sification to assess high level patterns.
By catch, for all time periods, panfish
were most often caught group (37%)
but by biomass it has been biomass
(52%) although there has been signifi-
cant annual variability (Fig. 51). These
data also indicate that both the catch
per unit effort and biomass has been
increasing for fish since the 2005 sur-
vey.

On a species by species basis, the high-
est catch rate for any fish overall since
1981 has been yellow perch, which
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Table 13. Number of fish caught per unit effort in Cross Lake (1981-2022) as reported by
MN DNR. First two columns are percentages based on all data combined (1981-2022) and
the most recent year only (2022). Percentages listed as “0%” have rate of <0.05%.

were 22% of all fish caught. The most
recent 2022 survey showed similar pro-
portion of catches for yellow perch at
19%. Historically, yellow perch were
followed by bluegill (14%), black crap-
pie (12%), and freshwater drum (11%).
These proportions were similar in 2022
except that black crappie was the most
captured fish at 24% of numbers (Table
13).

For biomass, which is a multiple of
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catch and average weight, historically
most of the catch has been comprised
of rough fish, specifically silver
redhorse (15%) and freshwater drum
(12%). These were followed by the
gamefish channel catfish (12%) and
northern pike (11%). In 2022, results
were consistent except that freshwater
drum make up 23% of biomass and
black crappie were a top producer at
10% (Table 14).

72



CROSS LAKE OF PINE COUNTY

Table 14. Biomass (CPUE x Ave Weight) in pounds of fish caught per unit effort in Cross
Lake (1981-2022) as reported by MN DNR. First two columns are percentages based on all
data combined (1981-2022) and the most recent year only (2022). Percentages listed as

“0%” have rate of <0.05%.

Following is a brief summary of select
species often targeted by anglers of
some historical trends and biology for
fish found in Cross Lake. Much of the
life history characteristics and data are
summarized from two different MN
DNR guides, including their general
guidebook for doing fish surveys (MN
DNR 2017) and the evaluation of the
same (Mclnerny 2014).
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Walleye

Cross lake has a long history of walleye
management through stocking activity,
which began in 1984. Over the past 10
years, 7 of these years were stocked by
a variety sized walleyes (Table 15).
Nearly every narrative summary of the
fish community from the MN DNR in-
dicate their assessment that stocking
walleye is not having a positive meas-
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Table 15. Walleye stocking for past 10
years on Cross Lake.

Year Size Numbers Pounds I?verage
size (Ibs)
2014 fingerlings 10,166 557 0.05
2015 adults 46 29 0.63
yearlings 236 79 0.33
fingerlings 6,274 535 0.09
2016 adults 411 265 0.64
fingerlings 3,968 263 0.07
2017 adults 853 530 0.62

fingerlings 684 171 0.25
2019 fingerlings 3,804 317 0.08
yearlings 6,444 528 0.08
2021 fingerlings 22,090 660 0.03
2023 fingerlings 19,430 670 0.03
fry 254,000 2 <0.01

fry = new ly hatched fish
fingerlings = one-to-six months
yearlings = a minimum of one year but not sexually mature

adult = sexual mature fish, typically older than tw o years

urable effect on the fishery. Artificial
stocking tends to provide positive im-
pacts to populations in lakes and reser-
voirs where natural reproduction is not
occurring but not in those where natural
reproduction can occur. Particularly in
Cross Lake where there is not an abun-
dance of vegetation to provide refuge
for stocked fish, it’s probable that
stocked fish are easy targets and simply
become prey items for larger fish. Ra-
ther than putting forth efforts at contin-
ued stocking, we might recommend
searching for and protecting walleye
spawning substrate and increasing
availability of plant coverage in the
lake to provide refuge for newly
hatched fish.
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MANAGEMENT OBJECTIVE #23
SEARCH FOR AND PROTECT WALL-
EYE SPAWNING HABITAT AND IN-
CREASE PLANT COVERAGE TO PRO-
VIDE REFUGE FOR YOUNG OF THE
YEAR FISH

Walleye numbers have been lower than
expected for similar type lakes for as
long as they have been surveyed (Fig.
52). The average size of a fish has his-
torically been either within or below
expected range but, on average, the size
of an individual fish has increased since

Walleye

1980 1990 2000 2010 2020

Figure 52. Walleye summary for MN DNR
historical  standard fisheries surveys
(gillnet only). Upper panels show the total
number of fish caught per net and the low-
er panel shows the average size of a fish.
Green boxes indicate average expected
ranges for a given species in similar lakes.
The dashed lines indicate the best fit line
for a trend.
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the first survey done on them in 1981.

In the most recent survey (2022) com-
mentary, MN DNR indicate 41% of
walleye caught were over 12 inches in
length, which they deem as good. and
thought this was good.

Walleye are the most sought after
gamefish in Minnesota lakes with 20-
30% of anglers targeting them during
any given fishing event. On Cross
Lake, 20% of users said they are target-
ing walleye when they fish.

They spawn in the spring when water
temperatures are between 45-50 °F.
Walleye prefer clean gravel or rubble
shores or shoal areas exposed to wave
action. Spawning occurs over a few
days, happens at night, and may occur
upstream in connected tributaries for
lake population.

MN DNR speculate that walleye are
naturally reproducing in Cross Lake
and spawning may be occurring either
in the lake proper or in Snake River
somewhere.

Walleye can be long—lived, up to 17
years. They recruit to the stock if they
can survive past their first couple years
of life when mortality is highest. At the
youngest ages they feed on zooplankton
and insects until they are large enough
to effective prey on smaller fish, pri-
marily small perch and other young
walleye.

They are one of the more photosensi-
tive fish species in Minnesota. Behav-

Lake Management Plan

iorally, they will avoid strong light dur-
ing the day by moving to deep water or
shading underneath structures. Lakes
that are ideal for walleye have moder-
ate levels of phosphorus and water clar-

ity.

Muskie

Cross Lake is also managed for muskie
(i.e., “Muskellunge”). Even though
there are approximately 4,300 lakes
managed activity for fish in Minnesota,
only 99 lakes are activity managed for
muskie (MN DNR 2016). Muskie have
been found in an additional 50 lakes in
small number. Cross Lake is thus one
of a very small number of lakes in Min-
nesota with muskie and managed as
such. Muskie are a larger relative of
northern pike but are found in far fewer
lakes in Minnesota (Fig. 53).

Figure 53. Morphological differences be-
tween muskie and northern pike. Adapted
from norrik.com.
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Table 16. Muskie stocking for past 10
years on Cross Lake.

Year Numbers Pounds I-}verage
size (Ibs)
2014 256 52 0.20

2015 500 135 0.27
2016 358 119 0.33
2017 500 94 0.19

2018 39 16 0.40
2019 1,011 211 0.21
2022 500 50 0.10
2023 37 8 0.21

The MN DNR has been stocking Cross
Lake with muskie fingerlings at least
since 2014 (Table 16). Although they
have been stocked longer than that, we
were unable to find a record for when it
began. Initial population to the lake is
listed as introduced by the state, but
fish survey data do indicate some natu-
ral reproduction is currently occurring.

Muskie are a highly sought after game-
fish and sportsman groups exist that
specialize in fishing them. They are
desirable trophy gamefish likely south
after for their size and rarity.

Standard survey methods are not ideal
for sampling muskie, so while the MN
DNR reports catch data back to 1981,
they are not very useful for understand-
ing trends or status with the exception
of finding clues about their presence
and potential source (i.e., stock or natu-
ral reproduction). Data that do exist
indicate that population numbers in
Cross Lake are low but that the size of
muskie in the lake are larger than aver-
age (Fig. 54).
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The most complete survey for muskie
on Cross Lake was a multi-method as-
sessment in 2015 that included special-
ized sized nets designed for muskie,
electrofishing, and mark-recapture
methods. During that survey 39 mus-
kie were captured including 21 males
and 18 females. Males averaged 19.4
pounds (range 9.3-25.6 pounds) and
females averaged 29.5 pounds (range
13.4-38.6 pounds). The mark-recapture
method estimated a total population of
muskie in the lake of between 47 and
68 fish. Annual survival of 10+ year
old fish was estimated at 74%, which is
normal and does not seem to be exces-
sively influenced by anglers.

Figure 54. Muskie summary for MN
DNR historical standard fisheries sur-
veys (gillnet only). Upper panels show
the total number of fish caught per net
and the lower panel shows the average
size of a fish. Green boxes indicate av-
erage expected ranges for a given spe-
cies in similar lakes. The dashed lines
indicate the best fit line for a trend.
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Figure 55. Morphological differences between white and black crappie. Survey summary
for MN DNR historical standard fisheries surveys (gillnet only). Upper panels show the total
number of fish caught per net and the lower panel shows the average size of a fish. Green
boxes indicate average expected ranges for a given species in similar lakes. The dashed

lines indicate the best fit line for a trend.

The MN DNR concluded from this
study that the overall opportunity to
catch muskie was lower than some oth-
er muskie lakes but that if anglers were
successful in catching a fish, there was
a good probability it would be a large
one.

We should anticipate that the MN DNR
will continue to manage muskie on the
lakes and this should generally be sup-
ported.

Crappie

Historically and recently, Cross Lake
has had healthy populations of catcha-
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ble crappie. Cross Lake has popula-
tions of two different species of crap-
pie: black and white (Fig. 55). There
has been a shift in dominance from
white crappie (1981-1990) to black
crappie 2005-2022) over time. Since
2005, by total biomass, black crappie
have been 76%-96% of the crappie
population. Overall catch numbers of
white crappie have declined while
black crappie populations have been
increasing. Even though population
sizes of white crappie have declined,
the average size of them have in-
creased. Sizes of black crappie have
remained relatively stable through time
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and within the range of expected sizes
for them in similar lakes.

Crappie are specifically targeted for
catch 10-15% of the time anglers are
out on the water in Minnesota. On
Cross Lake, 25% of lake resident re-
sponders said they target crappie when
they fish. In the Lake User Opinion
Survey, crappie were chosen as the
most targeted fish of all in the lake by
anglers.

In the latest (2022), the MN DNR indi-
cated that the outlook for black crappie
fishing on the lake is good with occa-
sional opportunities to catch white
crappie.

Crappie are nest builders and usually
spawn in water one-half to three feet
deep in May to June when water tem-
peratures reach 50-60 °F. Males clear a
section of the bottom of sand, gravel, or
mud, where there is some vegetation,
sometimes where protection is offered
by an undercut bank Nests are often
built along undeveloped shorelines with
emergent vegetation but without sub-
mergent vegetation. Residents can help
to maintain positive reproductive con-
ditions of crappie by being sensitive to
not disturbing crappie nests nearshore
during early spring.

Sunfish (Bluegill, Pumpkinseed, and
Hybrid).

Bluegill are the most common sunfish
on Cross Lake followed by pumpkin-
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Figure 56. Morphological differences be-
tween bluegill and pumpkinseed sunfish.

seed with a few catches of hybrid sun-
fish, a cross between bluegill and
pumpkinseed (Fig. 56). By catch blue-
gill have always been over 92% of sun-
fish catch and as such best represent
“sunfish” on the lake.

Trap nets are the standard sampling
method for bluegill surveys. MN DNR
reports that densities of bluegills have
historically been low but individual siz-
es, at least recently, have been quite
large on average (Fig. 57). In the
spring of 2022 a special regulation
went into effect to reduce bag limits of
sunfish from 20 to 10 in order to at-
tempt an increase in densities of blue-
gills. Future surveys targeting sunfish
will be able to determine whether a cor-
relation with the regulation and in-
creased densities result.

Panfish are specifically targeted for
catch 10-15% of the time anglers are
out on the water overall in Minnesota
Lakes. Anglers in Cross Lake are tar-
geting panfish at a higher rate of ap-
proximately 40% based on the 2023
Lake User Opinion Survey.

All members of sunfish family (i.e.,
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Bluegill
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Figure 57. Bluegill summary for MN DNR
historical standard fisheries surveys
(trapnet only). Upper panels show the to-
tal number of fish caught per net and the
lower panel shows the average size of a
fish. Green boxes indicate average ex-
pected ranges for a given species in simi-
lar lakes. The dashed lines indicate the
best fit line for a trend.

crappie, bluegill, pumpkinseed and
bass) build nests and prefer firm gravel
or coarse sand bottoms in two to five
feet of water. Preferred sites are pro-
tected from heavy wave action. Weedy
lakes are usually well suited to these
species.

Young of the year panfish are im-
portant forage for northern pike, wall-
eye, largemouth bass, crappie, and larg-
er yellow perch.

Largemouth Bass

Largemouth bass were not caught in
gill nets or trap nets in 2018 and were
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only caught in 1995, 2000, and 2005.
They were below normal size and catch
rates during those years.

Overall in the state of Minnesota, large-
mouth bass are one of the lower target-
ed species by anglers. Between 5-10%
of anglers target them specifically when
they are out fishing. This is consistent
with proportion of anglers on Cross
Lake who responded that they target
largemouth bass approximately 7% of
the time when fishing.

Largemouth bass build nests after
spawning typically between May and
June when water temperatures reach 50
-60 °F. They prefer firm gravel or
coarse sand bottoms in two to five feet
of water. Often the gravel or sand may
be overlain by muck or detritus. Soft,
unstable bottoms are not commonly
used unless roots or detritus provide a
firm substrate. Preferred sites are pro-
tected from heavy wave action. Weedy
lakes are usually well suited to these
species.

MANAGEMENT OBJECTIVE #24
PROTECT NEARSHORE NESTS IN
LATE SPRING FOR MEMBERSHIP OF
SUNFISH FAMILY INCLUDING CRAP-
PIE, SUNFISH AND BASS

Channel Catfish

While not generally targeted in many
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Channel Catfish
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Figure 58. Channel summary for MN DNR
historical standard fisheries surveys (gillnet
only). Upper panels show the total number
of fish caught per net, a proxy for how
abundant fishes are and the lower panels
shows the average size of an individual
fish. The dashed lines indicate the best fit
line for a trend. Note state of MN does not
publish average ranges for channel catfish.

lakes of Minnesota, Cross Lake has his-
torically been noted by the MN DNR
based on survey data to have a good
catfish fishery. The state of Minnesota
does not have published expected rang-
es for populations or average sizes but
since 1981 on average two channel cat-
fish have been caught in each net and
the average size has been nearly 3.5
pounds (Fig. 58). The latest survey
(2022) concludes that there are good
numbers of quality sized catfish for an-
glers with 90% of catches being fish
over 17 inches in length.
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Northern Pike

Approximately 10-15% of people who
fish in Minnesota lakes are specifically
targeting northern pike when they fish.
The recent Lake Opinion User Survey
for lake residents indicates that users
are not currently targeting pike most of
the time with only 8% of anglers indi-
cating they target northern pike.

Northern pike populations are lower
than expected ranges for similar lakes
(Fig. 59). The average size of a north-
ern pike has historically been within
normal size ranges. The most recently
MN DNR survey indicates that, based

Northern Pike
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Figure 59. Northern pike summary for MN
DNR historical standard fisheries surveys
(gillnet only). Upper panels show the total
number of fish caught per net, a proxy for
how abundant fishes are and the lower
panels shows the average size of an indi-
vidual fish. Green boxes indicate average
expected ranges for a given species in sim-
ilar lakes. The dashed lines indicate the
best fit line for a trend.
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on size structure of the northern pike
population, anglers can expect to catch
a good number of pike over 26 inches.

Northern Pike spawn during late win-
ter/early spring when water temperature
are below 50 °F. They prefer to spawn
in shallow, marshy areas, particularly in
temporarily flooded meadows or
marshlands. Good spawning marshes
should have slowly dropping spring
water levels, to avoid trapping fry or
fingerlings. They have also been known
to spawn over deep beds of muskgrass
and Nitella sp. They have strong native
spawning fidelity, meaning they return
to the same areas to spawn annually.

Yellow Perch

Yellow perch numbers are variable in
Cross Lake and within the normal
range. Average size is also within the
normal range and stable year to year
(Fig. 60). The targeted survey in 2022
indicates a good fishery with perch
numbers being above average for Cross
Lake and most are of a good size.

Yellow perch are one of the most im-
portant forage items for gamefish in a
lake. Northern pike, largemouth bass,
crappie, and larger yellow perch feed
on yellow perch.

Of all the species discussed here, yel-
low perch is targeted least by anglers.
Less than 5% of anglers fishing in lakes
are specifically targeting perch. Less
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Figure 60. Yellow Perch summary for MN
DNR historical standard fisheries surveys
(gillnet only). Upper panels show the total
number of fish caught per net, a proxy for
how abundant fishes are and the lower
panels shows the average size of an indi-
vidual fish. Green boxes indicate average
expected ranges for a given species in
similar lakes. The dashed lines indicate
the best fit line for a trend.

than 1% of Cross Lake respondents ac-
cording to the Lake User Survey target
perch.

Yellow Perch spawn in open, shallow
water, usually near rooted vegetation,
submerged brush, or fallen trees, but
sometimes over sand or gravel. They
time their spawning in April-May when
water temperatures are around 50 °F.

Given their importance as a forage spe-
cies, attention to their management

would be advisable even if they are not
a highly sought after target for anglers.
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General Strategies for Fish Manage-
ment

A variety of tools are used by managers
to attempt to improve or sustain good
fisheries. The most used are artificial
stocking and/or limiting either the num-
ber of fish caught or the size of fish
kept by anglers.

As described above, both walleye and
muskie have a history of being stocked
in Cross Lake. Stocking of lakes with
can have variable success. Particular-
ly, some research indicates that in lakes
where natural reproduction of walleye
occurs, stocking has no impact on pop-
ulation but where natural reproduction
does not occur it is useful. A general
explanation for this is that in lakes with
natural reproduction, lake are already at
a carrying capacity, meaning they al-
ready have the maximum size of popu-
lation that the lake can handle. Stocked
fish are genetically inferior and get out-
competed by native walleye and thus
have high levels of mortality. Cross
Lake has natural reproduction of wall-
eye and as such walleye stocking may
be having little impact on the popula-
tion. It is likely that the low densities
of walleye in Cross Lake simply indi-
cate it is inferior habitat for walleye.

The same may also be true for muskie;
however, muskie stocked in lakes tend
to be much larger than other fish like
walleye and as such may have greater
production from predation mortality.
There seems to be some evidence of
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natural production of muskie in Cross
Lake but it is unclear whether it is
enough to support a population.

For bag limits, ross Lake has special
fishing regulations on sunfish but no
size based limits on any fish. Experi-
mental regulations aim for two impacts.
First, reducing bag limits aims to leave
more fish in the lake to reproduce, alt-
hough a large body of research indi-
cates that anglers rarely harvest limits
during any given fishing event. Subse-
quently, reducing bag limits may have
limited positive impacts. Second, size-
based harvesting rules, whether that be
minimum or maximum size limits can
have both direct and indirect impacts
on fish stocks. The obvious direct im-
pact of size based limits is it keeps fish
in the lake. In terms of indirect effects,
maximum size limits protect larger fish
aiming to preserve older animals with
presumably high genetic integrity to
reproduce and improve the genetic
stock. It also is the case that removing
smaller fish from the lake reduces intra-
specific competition for the larger older
fish to continue to thrive. Additionally,
the small fish that remain part of the
population may have an increased
growth rate.

Both stocking and bag limits can be
done in order to improve angling op-
portunities, but managing fish is some-
times done to improve water quality by
manipulating a trophic cascade.

82



CROSS LAKE OF PINE COUNTY

Fig. 61. Top-down processes occur when groups in a food chain forage and reduce groups be-
low them. Bottom-up processes are driven by nutrient additions from watersheds and the

shape and physical nature of the lake basin.

Top-Down Control of Water Quality

Fish community structure can impact
water quality directly through “top-
down” impacts (i.e., biological) (Fig.
61).

Bottom-up processes are those most are
familiar with and include productivity
in the lake as it applies to excess nutri-
ents, principally phosphorus.  Top-
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down processes also can impact water
quality. A strong and abundant zoo-
plankton community (i.e., principally
Daphnia) are needed to keep algae un-
der control. When there are too many
small fish that graze down Daphnia,
Daphnia cannot control algae, which
allows them to grow in abundance and
create poor water conditions.

Top down control of water quality can
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occur either by stocking of predator
fish or target removal of lower trophic
groups through commercial fishing or
even on a large scale using fish poi-
sons. Sometimes fish poisons are used
to kill all the fish in a lake with a fol-
lowing up of stocking beneficial mixes
of fish communities. This is generally
referred to as “reclamation”. Top down
manipulation of fish communities has a
long history of successes in the litera-
ture.

Finally, building consensus with indi-
viduals and groups not living on but
who use Cross Lake may be important.
Our experience indicates that there is
suspicion by some ardent sport anglers
on lake who see management efforts
precipitated by lake associations as be-
ing overbearing and harmful to fishing
on lakes. We are reminded by some of
these individuals as we meet them at
boat launches, at meetings or even by
phone call that lake associations do not
own lakes. While some concerns of
anglers are not based on good infor-
mation, working with these groups can
go a long way to building consensus
and providing a healthy and useable
lake for all.

CHAPTER 8
CONCLUSIONS

A number of analyses and priorities are
presented in this lake management
plan. We urge short term goal setting
and prioritizing because lakes are dy-
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namic and complicated and sure to
bring surprises in the near future that
may alter goals and approaches.

Overall, available evidence indicates
that water quality on Cross Lake is
poor, which likely is influencing both
aquatic plant growth (or lack of) and
fisheries population dynamics.

Relative to most lakes in Minnesota,
data quality for water quality on Cross
Lake is extremely poor. A top priority
for the Cross Lake/Snake River Associ-
ation will be to establish and maintain a
minimal monitoring program where a
volunteer collects water samples on the
lake monthly from June through Sep-
tember to have analyzed for total phos-
phorus and chlorophyll a. At the same
time Secchi depth measurements
should be taken. Our recommendation
1s to repeat this process on three deep-
est sites for every identified basin in
Cross Lake. The approximately annual
cost for this would be $1,000 plus a
volunteer(s) being willing to do the
sampling.

Given our claim that water quality is
poor, and available evidence pointing
to internal phosphorus loading being a
primary cause, we suggest beginning a
feasibility assessment of having an al-
um treatment done, beginning at the
deep area of the north basin of Cross
Lake.

The expected impact of doing an alum
treatment would be to reduce phospho-
rus and algae concentrations, increase
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water clarity and aquatic plant coverage
and diversity, and improve vegetative
refuge for the lake’s young-of-the-year
fisheries annually.

As part of such an assessment, addi-
tional monitoring will need to take
place that includes oxygen and temper-
ature profiles at depth and the construc-
tion of a phosphorus budget that in-
cludes sediment analysis.  Costs for
doing a robust feasibility assessment
can be up to $15,000, which is expen-
sive, but would provide data that will
assist in any alum treatment, which can
cost hundreds of thousands of dollars,
to have the highest probability of suc-
cess. We note that both feasibility
analysis and alum treatment itself can
be cost shared with Minnesota Board of
Water and Soil Resources (BWSR)
through competitive grant applications
for monies collected through the Min-
nesota Clear Water Fund.

These two activities, establishment of a
water quality monitoring program and
feasibility assessment of an alum treat-
ment, are, to our estimation the most
important and fundamental projects to
be considered. Other priorities dis-
cussed in this report will benefit from
these and build from these efforts.

Fisheries are moderately good and be-
ing managed by the state. Fisheries
could be improved by expanding plant
habitat and improving the plant com-
munity and water quality. Plant cover-
age and densities are low and likely
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creating nuisance conditions in a sense
that low light penetration and forces the
dominant plants in the lake to be high
canopy or floating vegetation. The lack
of plant coverage reduces fish habitat
and allows sediments to be resuspended
easily.

Aquatic invasive species, including
curlyleaf pondweed and Eurasian wa-
termilfoil, can be activity monitored
and treated where they create nuisance.
Property owners with nuisance plants
around their shoreline are encouraged
to apply for APM permits to treat along
section of their properties. We do sug-
gest that if possible where plants do not
create a significant nuisance, they be
left given the low overall coverage of
plants already in the lake.

We would recommend aquatic plant
surveys at a minimum of once every
three years or as often as budget allows.
Aquatic plants are an important compo-
nent of lake systems and their increase
or decrease in coverage can be telling
of a number of conditions. Additional-
ly, it is a chance to track existing AIS
and look for potential new invaders
such as starry stonewort. Costs for an
aquatic plant survey would be approxi-
mately $5,000-10,000 per event.

This lake management plan presented
should be thought of as a living docu-
ment. Should any reader of the lake
management plan have additional infor-
mation, corrections, or new ideas, they
should be considered and incorporated
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where appropriate.

The Lake User Opinion Survey that
was administered as part of this process
is included, in full, in the appendix.
We strongly recommend offering the
Opinion Survey annually to update peo-
ple’s views of the lake.

MANAGEMENT OBJECTIVE #25
ANNUALLY ADMINISTER A LAKE
USER OPINION SURVEY TO GET AN
UPDATE ON USERS PERCEPTION
FOR CHANGES

We note the obvious, that lake manage-
ment activities have a cost and as such
Cross Lake/Snake River Association
budgets will limit what is able to be
done. As such it is important to pro-
vide specific budget parameters for op-
erations and then determine priorities.

Lake Management Plan

There is no doubt that not everything
wished to be done can be done.

Our general advice is to develop a spe-
cific management budget amount that
can be divided between annual regular
monitoring/projects and a second budg-
et for special projects. Examples of po-
tential annual regular monitoring might
include annual chemical herbicide
treatments, AIS early detection surveys,
aquatic plant surveys/monitoring and
water quality monitoring. As described
above, an important initial special pro-
ject would be a feasibility assessment
for alum treatment.

Many additional priorities and goals are
presented through this lake manage-
ment plan and appear in red boxes
throughout. These should be seen as
supportive and as additional activities
that can be implemented as able.
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Cross Lake User Opinion Survey 2023

The leadership of the Cross Lake/Snake River Lake Association is in the process of gathering information
from lake residents. As someone who lives on or uses the lake, your views are important to how they might
think about management activities. Please take 5-10 minutes to answer the following questions.  All
survey entries are anonymous.

1. Are you a dues-paying member of the Lake Association?

Responses Count Percent

Never 7 5%
Yes, current 113 85%
Yes, in the past, but not currently 13 10%
Grand Total 133 100%

2. How many years have you lived on the lake?

Responses Count Percent

I don't live on the lake 13 10%
Less than 1 year 3 2%
1-2 years 7 5%
3-5 years 21 16%
6-10 years 17 13%
More than 10 years 73 54%
Grand Total 134 100%

QUESTIONS ON WATER QUALITY

3. According to your recollections in using the lake over the past couple of years, how did you
experience the impact of algae on the water clarity?

Responses Count | Percent
Not quite crystal clear -- a little algae present/visible. 7 5%
Definite algae - green, yellow, or brown color apparent 44 33%
High algae levels with limited clarity and/or mild odor apparent 51 38%
Severe high algae levels with one or more of the following: massive floating scums

on the lake or washed up on shore; strong, foul odor; or fish kill 32 24%
Grand Total 134 100%

4. According to your recollection in using the lake over the past couple years, did you
experience problems with algae blooms? A bloom is a temporary (from a few hours up to a
couple of weeks) interruption of clear water phase by algae rapidly growing and then over a
period of time disappearing.



Responses Count Percent

No 23 17%
Yes 110 83%
Grand Total 133 100%

5. According to your recollection in using the lake over the past couple years, how did you
experience the overall quality of the water as it affected your decision to recreate?

Responses Count | Percent
Beautiful , could NOT be better 1 1%
Very minor aesthetic problems; excellent for swimming, boating 4 3%
Swimming and aesthetic enjoyment are slightly impaired due to algae levels 53 40%
Desire to swim and level of enjoyment of the lake substantially reduced due to

algae levels (i.e. would not swim but boating is okay) 61 46%
Swimming and aesthetic enjoyment of the lake nearly impossible due to algae

levels 14 11%
Grand Total 133 100%

6. Overall, how would you judge the change in clarity of the lake over the recent years? For the purpose
of this question "improve" means to become more clear & "decline™ means to become more turbid,
green, brown, cloudy or otherwise not clear.

Responses Count | Percent
It has improved dramatically over the past years, becoming much more clear. 2 2%
It has been improving slightly over the past years, becoming slightly more clear. 10 8%
It has stayed relatively constant over the past years 43 33%
It has been declining slightly over the past years, becoming slightly more turbid. 47 36%
It has been severely declining over the past years, becoming much more turbid 29 22%
Grand Total 131 100%

QUESTIONS ON AQUATIC PLANTS

7. According to your recollection in using the lake over the past couple years, did you
experience problems with nuisance plant growth on the lake?

Responses Count Percent

Yes 94 71%
No 38 29%
Grand Total 132 100%




8. Over the past few years, how would you describe the state of the aquatic plant environment

on your lake?

Grand Total

Responses Count | Percent

There has been a more severe decline in plant coverage and density in growth than |

ever remember 8 6%

There has been a slight decline in plant coverage and density of growth than |

remember 12 10%

The amounts of plant coverage and density hasn't changed significantly over the

past 42 33%

There has been a slight increase in plant coverage and density of growth relative to

what | remember 40 32%

There has been a severe increase in plant coverage and density of growth relative to

what | remember 24 19%
126 | 100%

9. How confident are you to identify aquatic invasive plants such as curlyleaf pondweed or

Eurasian watermilfoil?

Responses Count Percent

Very confident 13 10%
Fairly Confident 65 49%
Not Confident 56 42%
Grand Total 134 100%

10. What means do you support in controlling nuisance plants in the lakes?

Responses Count Percent
Chemical Herbicides 31 25%
Chemical Herbicides and/or Mechanical

Harvesters 57 46%
Mechanical Harvesters 36 29%
Grand Total 124 100%

QUESTIONS ON FISHING

11. How would you rate the quality of fishing currently?

Responses Count Percent

Excellent 4 3%
Average 93 79%
Terrible 20 17%
Grand Total 117 100%




12. How would you rate the change in the quality of fishing over the past few years?

Responses Count Percent

Become better 6 5%
Stayed the same 69 60%
Worsened 40 35%
Grand Total 115 100%

13. If/when you are out fishing, what you are you most often targeting? Choose all that apply.

Responses Count Percent

Crappie 71 25%
Walleye 55 20%
Sunfish 50 18%
Anything that bites 36 13%
Northern Pike 22 8%
Bass 21 %
Don't fish 23 8%
Other 3 1%
Grand Total 281 100%

QUESTIONS ON GENERAL LAKE CONDITIONS

14. According to your recollection in using the lake last year, what is your view of the number of
waterfowl (e.g. ducks and geese) using the lake?

Responses Count Percent

Too many 5 4%
The right amount 89 70%
Too few 33 26%
Grand Total 127 100%

15. There is often a tradeoff in lakes where you can have either clear water with lots of plants or
turbid (i.e., "cloudy") water with fewer plants. If you could choose the condition of the lake,
how might you like to see the these balanced?

Responses Count | Percent
Favor a lake with fewer plants even if it means it will not be super clear and may

have some nuisance algae growth 3 2%
Exactly intermediate with moderate clarity and moderate plant growth. 52 40%
Favor a clearer lake and willing to put up with some nuisance plant growth. 69 53%
Very clear lake with densely growing plants covering many areas. 6 5%
Grand Total 130 100%




16. How concerned are you about the impact of the lakes condition on the value of your property

investments?
Responses Count Percent
Not 12 9%
Moderately 64 48%
Very 56 42%
Grand Total 132 100%

17. Which of the following would you be willing to do to keep the lake healthy?

Responses Count Percent
Consideration of changes to use of your property to reduce harmful

runoff 71 34%
Financial contributions 54 26%
Contribution of manual labor 44 21%
Service on a board, committee, or task group 22 10%
Contribution of special skills to the upkeep of the lake 20 9%
Grand Total 211 100%

18. Which of the following activities are you most likely to perform on the lake?

Responses Count Percent

Swimming 115 22%
Pontoon rides 108 21%
Fishing 100 19%
Kayaking 64 12%
Tubing 64 12%
Jetskiing 33 6%
Wakeboarding 17 3%
Waterskiing 17 3%
Grand Total 518 100%




19. The Lake Association Board makes decisions about how to spend your membership fees and

other dollars they are able to get through grant applications. The following is a list of

activities that might be worthy of your dollars. In your view, which activities are you in

support of?

Coun | Percen
Responses t t
Annual lake monitoring 43 15%
Reducing nutrient runoff through engineered solutions at lake inlets in
hopes to reducing algae growth and increasing water clarity 42 15%
Chemical control of nuisance plant growth 39 14%
Stocking walleye 39 14%
Reducing nutrient inputs from the lake sediment in hopes of reducing algae
and increasing water clarity. 39 14%
AIS Inspectors at boat launch 28 10%
Fireworks 25 9%
Social activities 24 9%
Grand Total 279 | 100%
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