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1.0 INTRODUCTION

According to the 1974 recording sonar WDNR Lake Survey Map, Shawano Lake is 6,062.7 acres.
The WDNR website lists the lake as 6,215 acres. At the time of this report, the most current
orthophoto (aerial photograph) was from the National Agriculture Imagery Program (NAIP)
collected in 2018. Based on heads-up digitizing of the water level from that photo, the lake was
determined to be 6,258.3 acres. Shawano Lake, Shawano County, is a shallow lowland drainage
lake with a maximum depth of 39.5 feet and a mean depth of 9 feet. This eutrophic lake has a
relatively small watershed when compared to the size of the lake. Approximately 47 native plant
species have been documented within and along the margins of Shawano Lake, of which wild
celery is the most common plant. Five exotic plant species are known to exist in Shawano Lake.

Field Survey Notes

The crews always enjoy going
to Shawano Lake. The terns
around the island, the rafts of
scaup, and the occasssional
pelican break up the day.

Photograph 1.0-1 Shawano Lake, Shawano County

Lake at a Glance - Shawano Lake

Morphology
Acreage 6,258.3
Maximum Depth (ft) 39.5
Mean Depth (ft) 9
Shoreline Complexity 3.6
Vegetation

Number of Native Species
Threatened/Special Concern Species American shoreweed, square-stem spikerush

Hybrid/Eurasian watermilfoil, curly-leaf pondweed,

Exotic Plant Species purple loosestrife, reed canary grass, giant reed

Simpson's Diversity 0.92
Average Conservatism 6.5
Water Quality

Trophic State Eutrophic
Limiting Nutrient Phosphorus
Water Acidity (pH) 8.53
Sensitivity to Acid Rain Not sensitive
Watershed to Lake Area Ratio 7:1

Introduction OnterraLLc
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There is an abundance of public access to Shawano Lake with 8 public boat landings, 14 walk-in
access sites, and combined parking for 250+ vehicle-trailers units; which is why it is listed on the
WDNR’s super spreader list. Two of the landings offer flush toilets, Huckleberry Harbor offers a
fishing pier and picnic area, while the county park supports a public swimming beach (with
lifeguards) and two boat power washing stations that traffic that uses the landing are forced past
on entry and exit (Map 1). The public also utilizes Shawano Lake through the 19 resorts/rentals
properties, 5 campgrounds, and the numerous fishing tournaments that occur on it. In the past year,
Shawano Lake hosted 12 permitted fishing tournaments during the ice and open-water seasons.

Shawano Lake is classified as an Area of Special Natural Resource Interest (ASNRI) by the
WDNR. Several areas of the lake are listed as sensitive, Public Rights Features and a Sensitive
Area Designation has been completed on the lake (Map 8). The Natural Heritage Inventory lists
several fish and mussel species, and 2 state-threatened turtles (Wood and Blanding’s) from
Shawano Lake. Also present is square-stem spike-rush, which is listed as endangered/critically
imperiled, and American shoreweed, which is listed as a special concern.

The Shawano Area Waterways Management
(SAWM) has been a non-profit organization in Shawa'no
existence for approximately 35 years, Area

representing the geographic area outlined on their
logo (Figure 1.0-1). Membership consists of ~
concerned property owners and stakeholders of wvate ﬁwa
the Shawano Waterways and surrounding area.
SAWM’s vision is as follows: M a n ag e m e nt
Figure 1.0-1. SAWM Logo
Caring for Shawano Waterways Now and for Generations

Assure long term positive ecological improvement in the entire lake and contiguous

waterways. Restore / protect / maintain the chemical, biological and physical
integrity of Shawano Waterways.

SAWM’s areas of focus are; education, native and invasive plant management, water clarity and
quality, fisheries, natural vegetation along shoreline, recreation / navigation.

Shawano Lake and its watershed have been studied since 1991 when the Shawano Lake Property
Owners Association (SLPOA) was awarded the first of many Wisconsin Department of Natural
Resources (WDNR) Grants. This was the first phase in a three-phase management planning
project to assess the lake’s water quality, watershed, aquatic plant community, and stakeholder
perceptions. In 2003, the second of the lake’s multi-phase assessment projects began with
watershed tributary and in-lake water quality monitoring, aquatic plant assessments, and capacity
building and management planning exercises. These studies were completed in 2006.

More intense studies of the lake’s nutrient budget were led by the University of Wisconsin-Stevens
Point Center for Watershed Science and Education, the results of which were presented in a final
report produced in 2008. In 2009, results of the studies described above were used to create the
Shawano Lakehed Strategic Management Plan and the Shawano Lake Aquatic Plant Management
Plan.

Onterra LLC Introduction
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Through 2013, SAWM has been conducting aquatic plant control on Shawano Lake as outlined in
the 2009 Aquatic Plant Management Plan, including limited use of an association-owned harvester
and nuisance herbicide applications by an association-employed applicator. In 2014, the WDNR
requested a more precise plan that gives comprehensive guidance on controlling exotics, in
addition to the natives, using both chemical and harvesting techniques. SAWM was also seeking
to discover ways to protect the native aquatic plant community by controlling exotics on a lake-
wide scale.

In April 2014, SAWM updated its management plan as it relates to aquatic plant management.
The Implementation Plan Section (4.0) of the 2014 APM Plan included the following management
goals and associated management actions:

Goal #1: Control current Eurasian water milfoil population within Shawano L ake
a. Conduct [and monitor] trial treatment on Shawano Lake (2014)
b. Gain stakeholder input regarding a whole-lake EWM treatment on Shawano Lake
(2015)
c. Conduct whole-lake herbicide treatment on Shawano Lake (2016 or later)
Goal #2: Prevent additional AIS from entering Shawano Lake, and prevent AlS from
Shawano Lake from infecting other lakes
a. Continue Clean Boats Clean Waters watercraft inspections at Shawano Lake public
access locations (continuation of current effort)
Goal # 3: Maintain Navigability on Shawano L ake
a. Support responsible actions to gain reasonable navigational access to open water
areas of Shawano Lake (ongoing effort)

In 2016, a whole-lake 2,4-D herbicide treatment was conducted with positive short-term results.
Commencing in the spring of 2019, SAWM entered into a project aimed at updating all aspects of
their plan into a single Comprehensive Management Plan. The studies included in this project
would document the present state of the native and exotic plant populations, compare them to
previous occurrences, and use this information to develop a plan for future management of the
system. Additionally, SAWM would like to examine their lake in a holistic manner, understanding
the ecosystem and better protecting it from future threats by completing assessments of the lake’s
water quality and watershed as well. Shoreland and fish habitat assessment results educate riparian
property owners about healthy shorelines and how they may be able to improve their property
through Best Management Practices and/or habitat improvements.

The Summary and Conclusions Section (4.0) provide a succinct overview of the health of Shawano
Lake (Click Here).

Introduction Onterra.LLC
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2.0 STAKEHOLDER PARTICIPATION

Stakeholder participation is an important part of any management planning exercise. During this
project, stakeholders were not only informed about the project and its results, but also introduced
to important concepts in lake ecology. The objective of this component in the planning process is
to accommodate communication between the planners and the stakeholders. The communication
is educational in nature, both in terms of the planners educating the stakeholders and vice-versa.
The planners educate the stakeholders about the planning process, the functions of their lake
ecosystem, their impact on the lake, and what can realistically be expected regarding the
management of the aquatic system. The stakeholders educate the planners by describing how they
would like the lake to be, how they use the lake, and how they would like to be involved in
managing it. All of this information is communicated through multiple meetings that involve the
lake group as a whole or a focus group called a Planning Committee, and the completion of a
stakeholder survey.

The highlights of this component are described below. Materials used during the planning process,
such as presentation slides, can be found in Appendix A.

Planning Committee Meeting |

On October 15, 2020, Eddie Heath of Onterra met virtually with the SAWM Planning Committee
for nearly 4 hours. In advance of the meeting, attendees were provided an early draft of the study
report sections to facilitate better discussion. The primary focus of this meeting was the delivery
of the study results and conclusions to the committee. Study components including AIS survey
results, aquatic plant inventories, water quality analysis, watershed modeling, and shoreland
assessment results were presented and discussed.

Planning Committee Meeting — focus on Seawalls & Mechanical Harvesting

On November 18, 2020, Eddie Heath of Onterra met virtually with a subset of the SAWM Planning
Committee for approximately 2 hours. The majority of the meeting dealt with seawalls and
shoreline habitat issues, move on to discussing historic mechanical harvesting activities, and
gained momentum discussing overall lake planning activities.

Planning Committee Meeting |1

On January 11, 2021, Eddie Heath of Onterra met virtually with the SAWM Planning Committee
for over 2 hours. The focus of this meeting was to develop management goals and associated
management actions to serve as the Implementation Plan Section (5.0).

Planning Committee Meeting |11

Based upon the discussion from previous planning meetings, a draft Implementation Plan Section
(5.0) was created by Onterra and sent to the planning committee. Written comments were provided
back to Onterra. In addition, the Planning Committee met virtually on April 13, 2021 for over 2
hours methodically going through each management action contained within the draft
Implementation Plan Section (5.0).

Onterra LLC Stakeholder Participation
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Management Plan Review and Adoption Process

On May 13, 2021, an early draft of the complete Comprehensive Management Plan was provided
to the SAWM Planning Committee and SAWM Board of Directors for review. Comments were
aggregated by the SAWM Planning Committee Chair and provided to Onterra. These comments
were addressed to result in a Pre-Official First Draft for review and acceptance by the Board of
Directors. The board accepted the plan on June 22, 2021.

On June 25, 2021, the Official First Draft of the SAWM’s Comprehensive Management Plan for
Shawano Lake was supplied to WDNR (lakes and fisheries programs), Shawano County,
WAMSCO, and NE WI Hydro as well as being made available electronically to all SAWM
stakeholders.

Stakeholder Survey

As a part of this project, a stakeholder survey was distributed to riparian property
owners/renterssSAWM members around Shawano Lake. The survey was designed by Onterra
staff and the SAWM planning committee and reviewed by a WDNR social scientist. During
February 2020, the nine-page, 41-question survey was posted online through Survey Monkey for
property owners to answer electronically. If requested, a hard copy was sent to the property owner
with a self-addressed stamped envelope for returning the survey anonymously. The returned
hardcopy surveys were entered into the online version by a third party for analysis. Fifty-three
percent of the surveys were returned. Please note that typically a benchmark of a 60% response
rate is required to portray population projections accurately, and make conclusions with statistical
validity. The data were analyzed and summarized by Onterra for use at the planning meetings and
within the management plan. The full survey and results can be found in Appendix B, while
discussion of those results is integrated within the appropriate sections of the management plan
and a general summary is discussed below.

Based upon the results of the Stakeholder Survey, much was learned about the people that use and
care for Shawano Lake. About half of stakeholder respondents (50%) live on the lake as a year-
round residence, while 21% visit as a seasonal vacation home, 20% are seasonal residents (longer
than summer), 3% are summer only residents, and <1% are undeveloped properties. 52% of
stakeholder respondents have owned their property for over 15 years, and 30% have owned their
property for over 25 years (Figure 2.0-1). Just under 75% of respondents indicate they live on
Shawano Lake proper, with the remaining respondents split between living on the channel or on
the Wolf River (Question #1, Appendix B).

Stakeholder Participation Onterra LLC
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Question 4: How is your property on Question 5: How many days each year is your
Shawano Waterways utilized? property used by you or others?
A year round
residence
Seasona
vacation Cat
atego
home el Responses
(# of days)
Seasonal Less than 50 days per year 94
residence
Renta: e 50 to 100 days per year 137
roper:
P <2% Y GG 101 to 200 days per year 124
Resort More than 200 days per year 296

ProPerty g sine

1Y < .
< (resort, Undeveloped residence
Other (please (June -
restaurant, <1% i
etc.) specify) August)
. 3% 3%

<1%

Figure 2.0-1. Select survey responses from the Shawano Lake Stakeholder Survey. Additional
guestions and response charts may be found in Appendix B.

Relaxing/entertaining was the highest ranked activities when riparians were asked why the own
property on Shawano Lake (Figure 2.0-2). Riparian respondents also ranked motor boating and
open water fishing as reasons they choose to be a Shawano Lake riparian.

Question 15: Please rank up to three activities that are important reasons for owning or
renting your property on the Shawano Waterways.

0

# of Respondents
100 150 200 250 300 350 400 450 500

Relaxing / entertaining

Motor boating

Fishing - open water

Swimming

Nature viewing

Jet skiing

Water skiing / tubing

Canoeing / kayaking / stand-up paddleboard

Ice fishing

Snowmobiling / ATV ]
Other [
Hunting [0
Sailing [

None of the activities are important to me |

[ 1st
O 2nd

O 3rd
\

Figure 2.0-2. Select survey responses from the Shawano Lake Stakeholder Survey. Additional
guestions and response charts may be found in Appendix B.

OnterraLLc
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Approximately 70% of respondents indicate they use a pontoon boat on the Shawano Waterways
and approximately 40% us a motor boat with a greater than 25 horse power motor (Figure 2.0-2).
On a large system such as Shawano Lake, some feel that the extra space minimizes the importance
for responsible boating. Excessive watercraft traffic and unsafe watercraft practices ranked 6%
and 7™, respectively, in the list of Shawano Lake stakeholder respondents’ top concerns (Question
#20, Appendix B).

Question 12: What types of watercraft do you currently use on the Shawano Waterways?

# of Respondents
0 50 100 150 200 250 300 350 400 450

Pontoon
Motor boat with greater than 25 hp motor
Canoe / kayak / stand-up paddleboard
Jet ski (personal water craft)
Paddleboat
Motor boat with 25 hp or less motor
Rowboat
Sailboat
Do not use watercraft on Shawano...

Jet boat

Do not use watercraft on any waters

Figure 2.0-3. Select survey responses from the Shawano Lake Stakeholder Survey. Additional
guestions and response charts may be found in Appendix B.

A concern of stakeholder respondents noted throughout the stakeholder survey (Appendix B) were
water levels and vegetation management in Shawano Lake. These topics are touched upon in the
Aguatic Plants Section (3.5), Summary & Conclusions (4.0) as well as within the Implementation
Plan Section (5.0).

The following sections (Water Quality, Watershed, Aquatic Plants and Fisheries Data Integration)
discuss the stakeholder survey data with respect to these particular topics.
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3.0 RESULTS & DISCUSSION
3.1 Lake Water Quality

Water Quality Data Analysis and Interpretation

Reporting of water quality assessment results can often be a difficult and ambiguous task.
Foremost is that the assessment inherently calls for a baseline knowledge of lake chemistry and
ecology. Many of the parameters assessed are part of a complicated cycle and each element may
occur in many different forms within a lake. Furthermore, water quality values that may be
considered poor for one lake may be considered good for another because judging water quality is
often subjective. However, focusing on specific aspects or parameters that are important to lake
ecology, comparing those values to similar lakes within the same region and historical data from
the study lake provides an excellent method to evaluate the quality of a lake’s water.

Many types of analyses are available for assessing the condition of a particular lake’s water quality.
In this document, the water quality analysis focuses upon attributes that are directly related to the
productivity of the lake. In other words, the water quality that impacts and controls the fishery,
plant production, and even the aesthetics of the lake are related here. Specific forms of water
quality analyses are used to indicate not only the health of the lake, but also to provide a general
understanding of the lake’s ecology and assist in management decisions. Each type of available
analysis is elaborated on below.

As mentioned above, chemistry is a large part of water quality analysis. In most cases, listing the
values of specific parameters really does not lead to an understanding of a lake’s water quality,
especially in the minds of non-professionals. A better way of relating the information is to
compare it to lakes with similar physical characteristics and lakes within the same regional area.
In this document, a portion of the water quality information collected on Shawano Lake is
compared to other lakes in the state with similar characteristics as well as to lakes within the
northern region (Appendix C). In addition, the assessment can also be clarified by limiting the
primary analysis to parameters that are important in the lake’s ecology and trophic state (see
below). Three water quality parameters are focused upon in the Shawano Lake water quality
analysis:

Phosphorus is the nutrient that controls the growth of plants in the vast majority of
Wisconsin lakes. It is important to remember that in lakes, the term “plants” includes both
algae and macrophytes. Monitoring and evaluating concentrations of phosphorus within
the lake helps to create a better understanding of the current and potential growth rates of
the plants within the lake.

Chlorophyll-a is the green pigment in plants used during photosynthesis. Chlorophyll-a
concentrations are directly related to the abundance of free-floating algae in the lake.
Chlorophyll-a values increase during algal blooms.

Secchi disk transparency is a measurement of water clarity. Of all limnological
parameters, it is the most used and the easiest for non-professionals to understand.
Furthermore, measuring Secchi disk transparency over long periods of time is one of the
best methods of monitoring the health of a lake. The measurement is conducted by
lowering a weighted, 20-cm diameter disk with alternating black and white quadrants (a
Secchi disk) into the water and recording the depth just before it disappears from sight.

OnterraLLC Results & Discussion — Water Quality
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The parameters described above are interrelated. Phosphorus controls algal abundance, which is
measured by chlorophyll-a levels. Water clarity, as measured by Secchi disk transparency, is
directly affected by the particulates that are suspended in the water. In the majority of natural
Wisconsin lakes, the primary particulate matter is algae; therefore, algal abundance directly affects
water clarity. In addition, studies have shown that water clarity is used by most lake users to judge
water quality — clear water equals clean water (Canter et al. 1994, Dinius 2007, and Smith et al.

1991).

Trophic State

Total phosphorus, chlorophyll-a, and water clarity values are
directly related to the trophic state of the lake. As nutrients,
primarily phosphorus, accumulate within a lake, its productivity
increases and the lake progresses through three trophic states:
oligotrophic, mesotrophic, and finally eutrophic. Every lake
will naturally progress through these states and under natural
conditions (i.e., not influenced by the activities of humans) this
progress can take tens of thousands of years. Unfortunately,
human influence has accelerated this natural aging process in
many Wisconsin lakes. Monitoring the trophic state of a lake
gives stakeholders a method by which to gauge the productivity
of their lake over time. Yet, classifying a lake into one of three
trophic states often does not give clear indication of where a

Trophic states describe the lake’s
ability to produce plant matter
(production) and include three
continuous classifications:
Oligotrophic lakes are the least
productive lakes and are
characterized by being deep,
having cold water, and few
plants. Eutrophic lakes are the
most productive and normally
have shallow depths, warm
water, and high plant biomass.
Mesotrophic lakes fall between
these two categories.

lake really exists in its trophic progression because each trophic
state represents a range of productivity. Therefore, two lakes classified in the same trophic state
can actually have very different levels of production.

However, through the use of a trophic state index (TSI), an index number can be calculated using
phosphorus, chlorophyll-a, and clarity values that represent the lake’s position within the
eutrophication process. This allows for a clearer understanding of the lake’s trophic state while
facilitating clearer long-term tracking. Carlson (1977) presented a trophic state index that gained
great acceptance among lake managers.

Limiting Nutrient

The limiting nutrient is the nutrient which is in shortest supply and controls the growth rate of
algae and some macrophytes within the lake. This is analogous to baking a cake that requires four
eggs, and four cups each of water, flour, and sugar. If the baker would like to make four cakes, he
needs 16 of each ingredient. If he is short two eggs, he will only be able to make three cakes even
if he has sufficient amounts of the other ingredients. In this scenario, the eggs are the limiting
nutrient (ingredient).

In most Wisconsin lakes, phosphorus is the limiting nutrient controlling the production of plant
biomass. As a result, phosphorus is often the target for management actions aimed at controlling
plants, especially algae. The limiting nutrient is determined by calculating the nitrogen to
phosphorus ratio within the lake. Normally, total nitrogen and total phosphorus values from the
surface samples taken during the summer months are used to determine the ratio. Results of this
ratio indicate if algal growth within a lake is limited by nitrogen or phosphorus. If the ratio is
greater than 15:1, the lake is considered phosphorus limited; if it is less than 10:1, it is considered

Results & Discussion — Water Quality Onterra LLC

Lake Management Flanning




Shawano Area
14 Waterways Management

nitrogen limited. Values between these ratios indicate a transitional limitation between nitrogen

and phosphorus.

Temperature and Dissolved Oxygen Profiles

Temperature and dissolved oxygen profiles are created
simply by taking readings at different water depths within a
lake. Although it is a simple procedure, the completion of
several profiles over the course of a year or more provides a
great deal of information about the lake. Much of this
information relates to whether the lake thermally stratifies or
not, which is determined primarily through the temperature
profiles. Lakes that show strong stratification during the
summer and winter months need to be managed differently
than lakes that do not. Normally, deep lakes stratify to some

Lake stratification occurs when
temperature gradients are developed
with depth in a lake. During
stratification the lake can be broken
into three layers: The epilimnion is
the top layer of water which is the
warmest water in the summer months
and the coolest water in the winter
months. The hypolimnion is the
bottom layer and contains the coolest
water in the summer months and the

extent, while shallow lakes (less than 17 feet deep) do not. warmest water in the winter months.

The metalimnion, often called the
thermocline, is the middle layer
containing the steepest temperature
gradient.

Dissolved oxygen is essential in the metabolism of nearly
every organism that exists within a lake. For instance, fish
kills are often the result of insufficient amounts of dissolved
oxygen. However, dissolved oxygen’s role in lake

management extends beyond this basic need by living organisms. In fact, its presence or absence
impacts many chemical processes that occur within a lake. Internal nutrient loading is an excellent
example that is described below.

Internal Nutrient Loading*

In lakes that support stratification, whether throughout the summer or periodically between mixing
events, the hypolimnion can become devoid of oxygen both in the water column and within the
sediment. When this occurs, iron changes from a form that normally binds phosphorus within the
sediment to a form that releases it to the overlaying water. This can result in very high
concentrations of phosphorus in the hypolimnion. Then, during turnover events, these high
concentrations of phosphorus are mixed within the lake and utilized by algae and some
macrophytes. In lakes that mix periodically during the summer (polymictic lakes), this cycle can
pump phosphorus from the sediments into the water column throughout the growing season. In
lakes that only mix during the spring and fall (dimictic lakes), this burst of phosphorus can support
late-season algae blooms and even last through the winter to support early algal blooms the
following spring. Further, anoxic conditions under the winter ice in both polymictic and dimictic
lakes can add smaller loads of phosphorus to the water column during spring turnover that may
support algae blooms long into the summer. This cycle continues year after year and is termed
“internal phosphorus loading”; a phenomenon that can support nuisance algal blooms decades after
external sources are controlled.

The first step in the analysis is determining if the lake is a candidate for significant internal
phosphorus loading. Water quality data and watershed modeling are used to determine actual and
predicted levels of phosphorus for the lake. When the predicted phosphorus level is well below
the actual level, it may be an indication that the modeling is not accounting for all of the
phosphorus sources entering the lake. Internal nutrient loading may be one of the additional
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contributors that may need to be assessed with further water quality analysis and possibly
additional, more intense studies.

Non-Candidate Lakes

o Lakes that do not experience hypolimnetic anoxia.
e Lakes that do not stratify for significant periods (i.e., days or weeks at a time).
e Lakes with hypolimnetic total phosphorus values less than 200 pg/L.

Candidate Lakes

e Lakes with hypolimnetic total phosphorus concentrations exceeding 200 pg/L.
e Lakes with epilimnetic phosphorus concentrations that cannot be accounted for in
watershed phosphorus load modeling.

Specific to the final bullet-point, during the watershed modeling assessment, the results of the
modeled phosphorus loads are used to estimate in-lake phosphorus concentrations. If these
estimates are much lower than those actually found in the lake, another source of phosphorus must
be responsible for elevating the in-lake concentrations. Normally, two possibilities exist: 1)
shoreland septic systems, and 2) internal phosphorus cycling. If the lake is considered a candidate
for internal loading, modeling procedures are used to estimate that load.

Comparisons with Other Datasets

The WDNR document Wisconsin 2018 Consolidated Assessment and Listing Methodology
(WDNR 2019) is an excellent source of data for comparing water quality from a given lake to
lakes with similar features and lakes within specific regions of Wisconsin. Water quality among
lakes, even among lakes that are located in close proximity to one another, can vary due to natural
factors such as depth, surface area, the size of its watershed and the composition of the watershed’s
land cover. For this reason, the water quality of Shawano Lake will be compared to lakes in the
state with similar physical characteristics. The WDNR groups Wisconsin’s lakes into ten natural
communities (Figure 3.1-1).

Wisconsin Lakes Natural Community Types

Lakes/Reservoirs
Lakes/Reservoirs = 10 acres (large) Other Classifications
< 10 acres (small) (any size)

Variable Stratification ) B
[ Variable Hydrology ] Spring Ponds .
Two-Story E]
Fishery
Impounded
Flowing Waters

Drainage Seepage

[Shallow] [ Deep ] [Shallow] [ Deep ] [Shallow] [ Deep ]
(mixed) (stratified) (mixed) (stratified) (mixed) (stratified)

6B 6 &8 6 68 ©

Figure 3.1-1. Wisconsin Lake Natural Communities. Adapted from WDNR 2017.
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First, the lakes are classified into three main groups: (1) lakes and reservoirs less than 10 acres, (2)
lakes and reservoirs greater than or equal to 10 acres, and (3) a classification that addresses special
waterbody circumstances. The last two categories have several sub-categories that provide
attention to lakes that may be shallow, deep, play host to cold water fish species or have unique
hydrologic patterns. Overall, the divisions categorize lakes based upon their size, stratification
characteristics, and hydrology. An equation developed by Lathrop and Lillie (1980), which
incorporates the maximum depth of the lake and the lake’s surface area, is used to predict whether
the lake is considered a shallow (mixed) lake or a deep (stratified) lake. The lakes are further
divided into classifications based on their hydrology and watershed size:

Seepage Lakes have no surface water inflow or outflow in the form of rivers and/or
streams.

Drainage Lakes have surface water inflow and/or outflow in the form of rivers and/or
streams.

Headwater drainage lakes have a watershed of less than 4 square miles.
Lowland drainage lakes have a watershed of greater than 4 square miles.

Because of its depth, relatively small watershed and hydrology, Shawano Lake is classified as a
shallow lowland drainage lake (SLDL, category 4 on Figure 3.1-1).

Garrison, et. al (2008) developed state-wide
median values for total phosphorus, chlorophyll-a, Y (4
and Secchi disk transparency for six of the lake | ‘ ( I
classifications.  Though they did not sample  NorthernLakes
sufficient lakes to create median values for each i and Fprests——
classification within each of the state’s ecoregions, | i | L |

—

A
]

they were able to create median values based on = —73’.7717 abe.

all of the lakes sampled within each ecoregion |~ = b g
(Figure 3.1-2). Ecoregions are areas related by “ - North Central
similar  climate, physiography, hydrology, - | }Haydwodd Fopests| ol
vegetation and wildlife potential. Comparing g ‘x ¢ L |
ecosystems in the same ecoregion is sounder than ‘,_ " Southeastern |
comparing systems within manmade boundaries ':priftlessz‘&rea;%f mlf;;:f:;
such as counties, towns, or states. Shawano Lake (T S
is within the North Central Hardwood Forests \_
(NCHF) ecoregion. ‘ <

Figure 3.1-2. Location of Shawano Lake
The Wisconsin 2020 Consolidated Assessment | Within the ecoregions of Wisconsin. After
and Listing Methodology document also helps Nichols 1999.

stakeholders understand the health of their lake compared to other lakes within the state. Looking
at pre-settlement diatom population compositions from sediment cores collected from numerous
lakes around the state, they were able to infer a reference condition for each lake’s water quality
prior to human development within their watersheds. Using these reference conditions and current
water quality data, the assessors were able to rank phosphorus, chlorophyll-a, and Secchi disk

transparency values for each lake class into categories ranging from excellent to poor.
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These data along with data corresponding to statewide natural lake means, historic, current, and
average data from Shawano Lake is displayed in Figures 3.1-3 - 3.1-7. Please note that the data in
these graphs represent concentrations and depths taken only during the growing season (April-
October) or summer months (June-August). Furthermore, the phosphorus and chlorophyll-a data
represent only surface samples. Surface samples are used because they represent the depths at
which algae grow and depths at which phosphorus levels are not greatly influenced by phosphorus
being released from bottom sediments.

Shawano Lake Water Levels

Eagle Creek Renewable Energy owns and operates a hydroelectric facility on the Wolf River. The
Eagle Creek Dam forms Wolf River Pond. The outflow to Shawano Lake connects with this pond
and since the topography is so flat, the dam controls the lake level. The water level at the dam is
regulated by Federal Energy Regulatory Commission (FERC) which has set the level at 802.5 feet
mean sea level (MSL) since 2015. However, SAWM and other entities believe the lake historically
operated during ice-free months at 802.9 feet (MSL).

Shawano Lake Outlet

WoIr River Pond

' Eagle Creek Dam

Figure 3.1-3. Eagle Creek Dam. Impounds the Wolf River Pond (1139), Shawano Lake Outlet, and
Shawano Lake.

Complaints followed from Shawano Waterway users citing safety and navigational issues as a
result of the lower water level on the river, channel and Shawano Lake. FERC has granted
temporary variances to allow the dam to target the higher water level during the boating season
every year since 2015 but a permanent order allowing the higher historical target level year-round
has not yet been finalized. As a part of this management planning project, SAWM solicited
riparian preferences on whether they prefer the water to be targeted at the higher, historical level
year-round or at the 5-inch lower level year-round.  Stakeholder survey respondents
overwhelmingly preferred the water to be at the higher level (Figure 3.1-4).
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Completely prefer the 5-inch, lower level

Probably prefer the 5-inch, lower level

Unsure/ Neutral

Probably prefer the higher, historical level

Definitely prefer the higher, historical level ﬁ

0 100 200 300 400 500
# of Respondents

Figure 3.1-4. Stakeholder survey response Question #21. Please tell us if you prefer the water to be
targeted at the higher, historical level year-round or at the 5-inch lower level year-round.

Shawano Lake Water Quality Analysis
Shawano Lake Long-term Trends
Total Phosphorus

Near-surface total phosphorus data from Shawano Lake are available annually from 1999 to 2019
(Figure 3.1-5). The weighted summer average total phosphorus concentration is 37.4 pg/L, which
falls into the good category for Wisconsin’s shallow lowland drainage lakes. The lake’s weighted
summer average total phosphorus concentration is slightly greater than the median value for other
shallow lowland drainage lakes in the state and less than the median value for all lake types within
the NCHF ecoregion.

The summer mean phosphorus concentration in 2013 was considerably higher than any of the other
years with a value of 123 pg/L. This value was so high based upon a reported value of 222 pg/L
on July 18, 2013. The May, August, and September phosphorus concentrations were much lower
being 25-30 ug/L. Itis not clear if this value is correct but the following day the dissolved oxygen
in the surface waters of the lake was 3.6 mg/L. While it is unknown if the phosphorus value is
correct, the low oxygen concentration suggests that something unusual occurred in the lake. There
is not a chlorophyll-a sample for that date but the Secchi disc depth was only slightly less than
other dates in July.

As discussed in the primer section, internal nutrient loading is a process by which phosphorus (and
other nutrients) are released from sediments when bottom waters become devoid of oxygen
(anoxic). Internal nutrient loading is more prevalent in deeper lakes which experience summer
stratification or in shallow lakes that are highly productive where high rates of decomposition
deplete oxygen near the sediment-water interface. Often as lakes become more productive over
time, internal nutrient loading increases. In certain instances, this sediment-released phosphorus
can be mobilized to surface waters during the summer where it can fuel nuisance algal blooms.
Lake managers often try and determine if internal nutrient loading is a significant source of
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phosphorus in a lake, particularly when an increasing trend in phosphorus is observed. Phosphorus
data is only available for one date during the summer. However, the bottom waters were often
devoid of oxygen in July and August, suggesting that some phosphorus likely is released from the
sediments. In a polymictic lake like Shawano Lake this phosphorus can soon become available
for algal growth when the lake subsequently mixes.
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Figure 3.1-5. Shawano Lake, state-wide class 4 (SLDL) lakes, and regional total phosphorus

concentrations. Mean values calculated with summer month surface sample data. Water Quality Index
values adapted from WDNR PUB WT-913.

Chlorophyll-a samples are available for the same time period as total phosphorus, that is 1999-
2019 (Figure 3.1-6). The weighted summer average chlorophyll-a concentration is 12.5 pg/L,
which falls into the good category for Wisconsin’s shallow lowland drainage lakes. The lake’s
weighted summer average chlorophyll-a concentration is greater than the median value for other
shallow lowland drainage lakes in the state and less than the median value for all lake types within
the NCHF ecoregion.
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Figure 3.1-6. Shawano Lake, state-wide class 4 (SLDL), and regional chlorophyll-a
concentrations. Mean values calculated with summer month surface sample data. Water Quality Index
values adapted from WDNR PUB WT-913.

There is a longer record of Secchi disc clarity than for either total phosphorus or chlorophyll-a.
Data is available for 1988 and then continuously for 1993 through 2019 (Figure 3.1-7). The
weighted summer average Secchi disc clarity is 7.1 feet, which falls into the excellent category for
Wisconsin’s shallow lowland drainage lakes. The lake’s weighted summer average Secchi disc
clarity is greater than the median value for other shallow lowland drainage lakes in the state and
the median value for all lake types within the NCHF ecoregion.

A few years of higher water clarity were observed in 1997-1999 and again in 2009-2010, and lower
water clarity in 1988, 1996, 2002-2003, 2012, and 2016. Trend analysis of the summer Secchi
disc ratings indicates that water clarity fluctuates from year to year, but not statically valid
increases or decreases have been documented.
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Figure 3.1-7. Shawano Lake, state-wide class 4 (SLDL), and regional Secchi disk clarity values.
Mean values calculated with summer month surface sample data. Water Quality Index values adapted
from WDNR PUB WT-913.

The above described trophic parameters change seasonally in Shawano Lake. As will be discussed
further in the aquatic vegetation and watershed sections, the lake contains a large population of
curly leaf pondweed. This plant dies in late June to July. When this occurs a significant amount
of phosphorus is released from the plants. This phosphorus remains in the upper waters of the lake
and fuels algal growth. Figure 3.1-8 shows the average monthly concentrations of the three trophic
variables. Phosphorus and water clarity improve in May after the spring algal bloom but
phosphorus and chlorophyll-a increase in July and August in response, in part, to the die off of
curly leaf pondweed. As discussed above, there may also be some additional internal loading
during anoxic conditions in the bottom waters.
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Figure 3.1-8. Seasonal trends of the three trophic variables in Shawano Lake. Phosphorus and
chlorophyll-a are highest and Secchi disc depth the lowest in July and August in response to phosphorus
being released when curly leaf pondweed dies.

Limiting Plant Nutrient of Shawano Lake

Using midsummer nitrogen and phosphorus concentrations from Shawano Lake, a
nitrogen:phosphorus ratio of 28:1 was calculated. This finding indicates that Shawano Lake is
indeed phosphorus limited as are the vast majority of Wisconsin lakes. In general, this means that
cutting phosphorus inputs may limit plant growth within the lake.

Shawano Lake Trophic State

Figure 3.1-9 contain the TSI values for Shawano Lake. The TSI values calculated with Secchi
disk clarity, chlorophyll-a, and total phosphorus values range in values spanning from mesotrophic
to eutrophic. In general, the best values to use in judging a lake’s trophic state are the biological
parameters; therefore, relying primarily on total phosphorus and chlorophyll-a TSI values, it can
be concluded that Shawano Lake is in a eutrophic state.
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Figure 3.1-9. Shawano Lake, state-wide class 4 (SLDL), and regional Trophic State Index values.
Values calculated with summer month surface sample data using WDNR PUB-WT-193.

Dissolved Oxygen and Temperature in Shawano Lake

Dissolved oxygen and temperature were measured during water quality sampling visits to
Shawano Lake by Onterra staff in 2019 but also by WDNR staff and Citizen Lake Volunteers in
earlier years. Profiles depicting these data for the summer of 2017 and the growing season of 2019
are displayed in Figure 3.1-10.

Shawano Lake is polymictic, meaning the lake periodically mixes during the ice free period.
Although in 2017 the lake appears to be stratified throughout the summer, a close examination of
the temperature profiles show that temperatures in the bottom waters increased throughout the
summer which indicates the lake mixed between the sampling dates. This is common in larger,
moderately shallow lakes like Shawano Lake. Also in August 2017, only the bottom 2 feet were
anoxic while in July the bottom 10 feet was devoid of dissolved oxygen. This is why the lake is
classified as a shallow lake even though the maximum depth is nearly 40 feet. In 2019 the lake
was completely mixed in April and October but weakly stratified in mid-July.
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Figure 3.1-10. Shawano Lake dissolved oxygen and temperature profiles from the summer of
2017 and the growing season in 2019.
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Additional Water Quality Data Collected at Shawano Lake

The water quality section is centered on lake eutrophication. However, parameters other than
water clarity, nutrients, and chlorophyll-a were collected as part of the project. These other
parameters were collected to increase the understanding of Shawano Lake’s water quality and are
recommended as a part of the WDNR long-term lake trends monitoring protocol. These
parameters include pH, alkalinity, and calcium.

The pH scale ranges from 0 to 14 and indicates the 14 -
concentration of hydrogen ions (H*) within the lake’s water }Ji ﬁ ]

and is an index of the lake’s acidity. Water withapH value | & 11 - -
of 7 has equal amounts of hydrogen ions and hydroxide | 3 18 1

ions (OH") and is considered to be neutral. Water with a g g ] J veutra
pH of less than 7 has higher concentrations of hydrogen Z 6 ]

ions and is considered to be acidic, while values greater £ 2 |

than 7 have lower hydrogen ion concentrations and are (% 3 [ Acidie
considered basic or alkaline. The pH scale is logarithmic; | = i |

meaning that for every 1.0 pH unit the hydrogen ion = 0" -

Shawano Lake

Figure 3.1-11. Shawano Lake mid-
summer near-surface pH value.

concentration changes tenfold. The normal range for lake
water pH in Wisconsin is about 5.2 to 8.4, though values
lower than 5.2 can be observed in some acid bog lakes and
higher than 8.4 in some marl lakes. In lakes with a pH of 6.5 and lower, the spawning of certain
fish species such as walleye becomes inhibited (Shaw and Nimphius 1985). The mid-summer pH
of the water in Shawano Lake was found to be alkaline with a value of 8.5 which is at the upper
range for Wisconsin Lakes (Figure 3.1-11). This value is not abnormally high, especially with the
summer algal blooms that occur in the lake.

Alkalinity is a lake’s capacity to resist fluctuations in 140
pH by neutralizing or buffering against inputs such as ]
acid rain. The main compounds that contribute to a
lake’s alkalinity in Wisconsin are bicarbonate (HCO3)
and carbonate (COs’), which neutralize hydrogen ions
from acidic inputs. These compounds are present in a
lake if the groundwater entering it comes into contact
with minerals such as calcite (CaCOz) and/or dolomite
(CaMgCOs3). A lake’s pH is primarily determined by ] oty
the amount of alkalinity. Rainwater in northern 0 - High Sensitivity
Wisconsin is slightly acidic naturally due to dissolved Shawano Lake
carbon dioxide from the atmosphere with a pH of - L

. .. summer total alkalinity and sensitivity
around 5.0. Consequently, lakes with low alkalinity | {5 4ciq rain. samples collected from the
have lower pH due to their inability to buffer against | near-surface.
acid inputs. The alkalinity in Shawano Lake was 110
mg/L (mg/L as CaCOg), indicating that the lake has no sensitivity to lower pH values from acid
rain (Figure 3.1-12).
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Figure 3.1-12. Shawano Lake mid-

Like associated pH and alkalinity, the concentration of calcium within a lake’s water depends on
the geology of the lake’s watershed. Recently, the combination of calcium concentration and pH
has been used to determine what lakes can support zebra mussel populations if they are introduced.
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The commonly accepted pH range for zebra mussels is
7.0 to 9.0, so Shawano Lake’s pH of 8.6 within this
range. Lakes with calcium concentrations of less than
12 mg/L are considered to have very low susceptibility
to zebra mussel establishment. The calcium
concentration of Shawano Lake was found to be 29
mg/L, which in part explains why the lake has a 1
population of zebra mussels (Figure 3.1-13). ] Very Low
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Zebra mussels (Dreissena polymorpha) are small Shawano Lake

bottom dwellir_1g mussels, native to Europe _and _Asia, Figure 3.1-13. Shawano Lake mid-
that found their way to the Great Lakes region in the | summer calcium concentration and
mid-1980s. They are thought to have come into the | zebra mussel susceptibility. Samples
region through ballast water of ocean-going ships | collected from the near-surface.

entering the Great Lakes, and they have the capacity to spread rapidly. Zebra mussels can attach
themselves to boats, boat lifts, and docks, and can live for up to five days after being taken out of
the water. These mussels can be identified by their small size, D-shaped shell and yellow-brown
striped coloring. Once zebra mussels have entered and established in a waterway, they are nearly
impossible to eradicate. Best practice methods for cleaning boats that have been in zebra mussel
infested waters is inspecting and removing any attached mussels, spraying your boat down with
diluted bleach, power-washing, and letting the watercraft dry for at least five days.

A measure of water clarity once all of the suspended
material (i.e., phytoplankton and sediments) have been
removed, is termed true color, and measures how the
clarity of the water is influenced by dissolved
components. True color was measured at 15 SU
(standard units) in April and 10 SU in July of 2019
(Figure 3.1-14), indicating the lake’s water was on the

100 4
90 - Highly Tea-Colored
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70 -
60 1 Tea-Colored
50 -
40 -

True Color (Standard Units

. . 30 ] ightly Tea-Colored
border between slightly tea-colored and clear in 2019. 20 ] o
For comparison, upstream Loon Lake’s true color was 10 | - Shightly Tea-Colored
60 SU (standard units) during the summer of 2016 0 clear

indicating the lake’s water is tea colored and that the Shawano Lake
lake’s water clarity is primarily influenced by dissolved

- Figure 3.1-14. Shawano Lake 2019
components in the water. average near-surface true color values
during mid-summer.

Stakeholder Survey Responses to Shawano Lake Water Quality

As discussed in section 2.0, the stakeholder survey asks many questions pertaining to perception
of the lake and how it may have changed over the years. Figures 3.1-15 and 3.1-16 display the
responses of members of Shawano Lake stakeholders to questions regarding water quality and how
it has changed over their years visiting Shawano Lake. Respondents generally indicate the water
quality is fair and has become somewhat degraded since they first visited the lake
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Question 16: How would you describe the
current water quality of Shawano
Waterways?

Question 17: How as the water quality
changed in Shawano Lake since you first
visited the lake?
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Figure 3.1-15. Select survey responses from
the Shawano Lake Stakeholder Survey.
Additional questions and response charts may be
found in Appendix B.

Figure 3.1-16. Select survey responses from
the Shawano Lake Stakeholder Survey.
Additional questions and response charts may be
found in Appendix B.

The majority of respondents indicated aquatic plant growth was what they thought of when
describing water quality. Aquatic plant growth can affect and be affected by water quality, but is
not a water quality metric. Water clarity was the second most common attribute respondents
indicated factored into their description of water quality. On Shawano Lake, water clarity is
excellent and although fluctuations are noted, no increasing or decreasing trends have been

detected.
Question 18: Considering how you answered the questions above, what do you think of when
describing water quality?
Answer Options Response Response
Percent Count
Water clarity (clearness of water) 67.5% 445
Aquatic plant growth (not including algae blooms) 82.9% 546
Water color 27.3% 180
Algae blooms 56.3% 371
Smell 18.5% 122
Water level 52.4% 345
Fish kills 16.7% 110
Other (please specify) 7.0% 46
answered question 659
skipped question 4
Figure 3.1-17. Select survey responses from the Shawano Lake Stakeholder Survey. Additional
questions and response charts may be found in Appendix B.

Results & Discussion — Water Quality

Onterra LLC

Lake Management Planning



Shawano Area
28 Waterways Management

3.2 Paleoecology
Primer on Paleoecology and Interpretation

Questions often arise concerning how a lake’s water quality has changed through time as a result
of watershed disturbances. In most cases, there is little or no reliable long-term data. They also
want to understand when the changes occurred and what the lake was like before the
transformations began. Paleoecology, the examination of fossilized animals and plants and
geochemical parameters to determine ecological conditions in the past, offers a way to address
these issues. The paleoecological approach depends upon the fact that lakes act as partial sediment
traps for particles that are created within the lake or delivered from the watershed.

The sediments of the lake entomb a selection of fossil remains that are more or less resistant to
bacterial decay or chemical dissolution. These remains include frustules (silica-based cell walls)
of a specific algal group called diatoms, cell walls of certain algal species, and subfossils from
aquatic plants. The chemical composition of the sediments may indicate the composition of
particles entering the lake as well as the past chemical environment of the lake itself. By collecting
an intact sediment core, sectioning it off into layers, and utilizing all of the information described
above, paleoecologists can reconstruct changes in the lake ecosystem over any period of time since
the establishment of the lake.

Nearly all natural lakes in Wisconsin were created as a result of the last glaciation period. Most
Wisconsin lakes are 12,000 to 14,000 years old as this is when the glacial ice sheets melted and
receded from the state. The exception to this are lakes along Lake Michigan like those found in
Door County. These lakes are much younger, having been formed when the lake level of Lake
Michigan dramatically dropped about 2,800 years ago. Although the newly formed lakes
underwent significant ecological changes immediately after the recession of the glaciers, as the
climate became warmer and drier, the last 150 years have generally seen the most dramatic changes
to the lake’s ecology due to the impacts from human settlement within their watersheds and along
their shorelines.

Generally, Europeans began settling in Wisconsin after the 1830s in the southern part of the state
and later in the northern part of the state. Early settlement largely consisted of subsistence farming
in the lakes’ watersheds which had minor but noticeable impacts on lake ecology. The greatest
impact that settlement has caused to lakes occurred during the twentieth and twenty-first centuries.
Often lakes with agriculture in their watersheds experienced significant degradation beginning in
the 1940s and 1950s. Following World War 11, mechanization improved allowing more land to be
tilled. There was also an increased use of synthetic fertilizers to enhance production. Many of the
factories that were used to produce ammunition for the war effort were converted to producing this
fertilizer. The increased mechanization and use of fertilizers resulted in increased soil erosion
from the land to the lakes as well as a large input of nutrients, e.g., phosphorus, that are attached
to soil particles as well as associated with the fertilizer. Also, cow herd sizes increased, resulting
in additional nutrients from manure. Since the 1970s, many parts of the state have experienced
increased urbanization which has resulted in increased runoff from homes and streets into the lakes
as well.
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Shawano Lake Paleoecological Results

A sediment core was extracted from the deep area of Shawano Lake on October 1, 1991 by Tim
Rasman of the Wisconsin Department of Natural Resources using SCUBA. The water depth was
40 feet and the core was 64 cm long. The core was sectioned on shore and returned to the DNR
lab in Madison and analyzed by Paul Garrison of the Wisconsin DNR (Garrison 2020). The
sediment core was analyzed for changes in the sedimentation rate during the last 150 years as well
as changes in geochemical variables e.g., aluminum, phosphorus, organic matter. The core was
also analyzed for remnants of algae in the form of chlorophyll and zooplankton fossils. Fossils of
diatoms, which are a type of algae that contain shells made of silica, are usually very useful in
reconstructing changes in the phosphorus concentration of the lake. Unfortunately, in Shawano
Lake these fossils were not preserved in the sediments below the surface layer. Below is a
summary of that report from the core collected in 1991.

It is important to note that this sediment core was collected nearly 30 years ago so the results do
not reflect changes that have occurred in Shawano Lake since 1991. The average sedimentation
rate (sediment infilling) in the deep area of the lake for the period 1831-1991 was 0.0255 g/cm2/yr
which places the lake near the median of 59 lakes in Wisconsin where sediment cores have been
dated. The lake’s sedimentation rate began to increase around 1890 and peaked in the early
twentieth century (Figure 3.2-1). This increase was likely the result of land clearing with the early
settlement of the lake’s watershed. Following this early development, the sedimentation rate
declined to 0.020 g/cm2/yr which was near the background rate but again increased in the 1980s.
The increase in the 1980s, likely was a result of increased development around the lake. Many
lakes with substantial agriculture in their watershed experienced increased sedimentation
following World War 11 with the development of larger and more powerful tractors. This increased
sedimentation did not occur in Shawano Lake.
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Rate Matter Phosphorus Chlorophyil
2000
19801 - -
1960
1940
1920
1900
1880
1880
1840
WO—7—71—— T 1 1 1T 1T 1 T 1T T T 11 | | T T T T
000 002 004 006 0 2 4 6 & 10 0 50 100 150 2000 1 2 0 20 40 60 80
glem2iyr mg/m2/yr mg/m2/yr mg/m2/yr uglg
et} Accmulation Rate | Concentration
Figure 3.2-1. Accumulation rate for sediment and other geochemical variables. Aluminum
represents soil erosion while organic matter is an indication of lake productivity. Chlorophyll is an
indication of the trend in the algal community.
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In order to estimate how changes in watershed land use has affected the lake; the core was analyzed
for a number of elements including aluminum, potassium organic matter, calcium, iron,
manganese, nitrogen, and phosphorus. Aluminum, a proxy for detrital aluminosilicate minerals
that are common in soil erosion, increased during the same time period as the sedimentation rate
in the later part of the nineteenth and early twentieth centuries (Figure 3.2-1). This increase in soil
erosion likely was the result of increased agricultural activity. The amount of soil erosion declined
to near background levels by 1930 and then experienced a brief increase in the 1970s. Unlike the
sedimentation rate which increased in the 1980’s, the amount of soil erosion declined during this
period. This suggests that the increased sedimentation was not the result of sediment being
delivered from the watershed.

The profile of organic matter reflects the change in the lake’s overall productivity, especially from
algae and submerged aquatic plants. With the increased delivery of sediment in the early part of
the twentieth century, there was an increase in the lake’s productivity (Figure 3.2-1). Although
the lake’s productivity declined by 1930, it remained higher than it was in the mid-1800s. In the
1980s the lake’s productivity again increased. The phosphorus profile is similar to that of the
organic matter, reflecting an increase in the first two decades of the twentieth century. The
phosphorus accumulation rate began to increase in the 1970s even though the rate of soil erosion
remained low or declined. This suggests that the increased phosphorus is not from soil particles.
It likely this increased phosphorus is the result of the use of commercial fertilizer on agricultural
fields as well as shoreland homes and other developments within the watershed. As is detailed in
the attached report, it appears that internal loading of phosphorus has been increasing throughout
the twentieth century.

Although diatoms were not preserved in the sediments, chlorophyll was preserved in the
sediments. Changes in the concentration of chlorophyll is an indication of the algal levels in the
lake. During the increased productivity in the early part of the twentieth century, there was little
increase in chlorophyll (Figure 3.2-1). This indicates that most of the increased productivity was
in the form of macrophytes. Chlorophyll levels began to increase in the 1970s in response to
increased phosphorus levels and remained high in the 1980s. This suggests that algal levels in
1990, and likely at the present time, are much higher than they were historically.

Zooplankton remains are used to reconstruct changes in submerged aquatic plant coverage and
sometimes fish predation. Only the group Cladocera are preserved in the sediments but these
zooplankters are very informative. In the Shawano Lake core, the dominant zooplankter was
Bosmina longirostris (Figure 3.2-2). This species inhabits the pelagic zone and is frequently the
dominant fossil in lakes. In this core, species that inhabit the littoral zone (Alona spp. and
Chydorus spp.) are also well represented. Starting around 1880 there is a decline in B. longirostris
and an increase in Alona spp. This likely indicates that the macrophyte community expanded at
this time. This expansion continued and it appears to have stabilized around the mid-1950s.
Chydorus sphaericus can be found in the littoral zone but also is common in the pelagic zone when
filamentous algal species occur in the open water. Typically these filaments are blue-green algae.
Therefore, it appears that blue-green algal blooms have become more common since 1975. Since
the frequency of C. sphaericus is highest in the surface sediments, it is likely that algal blooms
were more common in the 1980s than at any other time in the last 150 years.
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Bosmina longirostris Alona spp.

Percentage of Total Zooplankton

Figure 3.2-2. Profiles of Cladoceran zooplankton. B. longirostris is found in the open water while
Alona is found in the littoral zone and is an indication of changes in the macrophyte community. C.
sphaericus is found in the littoral zone but increases in the presence of algal blooms in the open waters
of the lake.

It should be kept in mind that this sediment core was collected in 1991 and does not reflect changes
that have happened in the lake since then. In summary, the highest delivery of sediment from the
watershed occurred from the 1890s through 1910s although a secondary peak occurred in the
1980s. Although soil erosion declined in the 1980s, the lake’s productivity and phosphorus levels
increased suggesting elevated usage of synthetic fertilizers and more internal loading from the
sediments. The biological fossils chlorophyll and zooplankton suggest that the amount of
macrophytes in the lake has increased since 1950 and that algal concentrations, especially blue-
green algae became more common in the 1980s.
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3.3 Watershed Assessment
Watershed Modeling

Two aspects of a lake’s watershed are the key factors in | A |ake’s flushing rate is simply
determining the amount of phosphorus the watershed exports | 5 determination of the time
to the lake; 1) the size of the watershed, and 2) the land cover required for the lake’s water
(land use) within the watershed. The impact of the watershed | yolume to be completely
size is dependent on how large it is relative to the size of the exchanged. Residence time
lake. The watershed to lake area ratio (WS:LA) defines how | gescribes how long a volume of
many acres of watershed drains to each surface-acre of the | \water remains in the lake and is
lake. Larger ratios result in the watershed having a greater expressed in days, months, or
role in the lake’s annual water budget and phosphorus load. years. The parameters are

related and both determined by
the volume of the lake and the
amount of water entering the
lake from its watershed.
Greater flushing rates equal
shorter residence times.

The type of land cover that exists in the watershed determines
the amount of phosphorus (and sediment) that runs off the
land and eventually makes its way to the lake. The actual
amount of pollutants (nutrients, sediment, toxins, etc.)
depends greatly on how the land within the watershed is used.
Vegetated areas, such as forests, grasslands, and meadows,
allow the water to permeate the ground and do not produce
much surface runoff. On the other hand, agricultural areas, particularly row crops, along with
residential/urban areas, minimize infiltration and increase surface runoff. The increased surface
runoff associated with these land cover types leads to increased phosphorus and pollutant loading;
which, in turn, can lead to nuisance algal blooms, increased sedimentation, and/or overabundant
macrophyte populations. For these reasons, it is important to maintain as much natural land cover
(forests, wetlands, etc.) as possible within a lake’s watershed to minimize the amount runoff
(nutrients, sediment, etc.) from entering the lake.

In systems with lower WS:LA ratios, land cover type plays a very important role in how much
phosphorus is loaded to the lake from the watershed. In these systems, the occurrence of
agriculture or urban development in even a small percentage of the watershed (less than 10%) can
unnaturally elevate phosphorus inputs to the lake. If these land cover types are converted to a
cover that does not export as much phosphorus, such as converting row crop areas to grass or
forested areas, the phosphorus load and its impacts to the lake may be decreased. In fact, if the
phosphorus load is reduced greatly, changes in lake water quality may be noticeable, (e.g., reduced
algal abundance and better water clarity) and may even be enough to cause a shift in the lake’s
trophic state.

In systems with high WS:LA ratios, like those 10-15:1 or higher, the impact of land cover may be
tempered by the sheer amount of land draining to the lake. Situations actually occur where lakes
with completely forested watersheds have sufficient phosphorus loads to support high rates of
plant production. In other systems with high ratios, the conversion of vast areas of row crops to
vegetated areas (grasslands, meadows, forests, etc.) may not reduce phosphorus loads sufficiently
to see a change in plant production. Both of these situations occur frequently in impoundments.

Regardless of the size of the watershed or the makeup of its land cover, it must be remembered
that every lake is different and other factors, such as flushing rate, lake volume, sediment type,
and many others, also influence how the lake will react to what is flowing into it. For instance, a
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deeper lake with a greater volume can dilute more phosphorus within its waters than a less
voluminous lake and as a result, the production of a lake is kept low. However, in that same lake,
because of its low flushing rate (a residence time of years), there may be a buildup of phosphorus
in the sediments that may reach sufficient levels over time and lead to a problem such as internal
nutrient loading. On the contrary, a lake with a higher flushing rate (low residence time, i.e., days
or weeks) may be more productive early on, but the constant flushing of its waters may prevent a
buildup of phosphorus and internal nutrient loading may never reach significant levels.

A reliable and cost-efficient method of creating a general picture of a watershed’s effect on a lake
can be obtained through modeling. The WDNR created a useful suite of modeling tools called the
Wisconsin Lake Modeling Suite (WILMS). Certain morphological attributes of a lake and its
watershed are entered into WiLMS along with the acreages of different types of land cover within
the watershed to produce useful information about the lake ecosystem. This information includes
an estimate of annual phosphorus load and the partitioning of those loads between the watershed’s
different land cover types and atmospheric fallout entering through the lake’s water surface.
WILMS also calculates the lake’s flushing rate and residence times using county-specific average
precipitation/evaporation values or values entered by the user. Predictive models are also included
within WILMS that are valuable in validating modeled phosphorus loads to the lake in question
and modeling alternate land cover scenarios within the watershed. Finally, if specific information
is available, WiLMS will also estimate the significance of internal nutrient loading within a lake
and the impact of shoreland septic systems.

Shawano Lakehed Assessment — WiLMS Model

Shawano Lake’s surficial watershed
encompasses an area of
approximately 47,351 acres, yielding
a small watershed to lake area ratio of
about 8:1 (Figure 3.3-1, Map 2). In
other words, the model predicts that
approximately eight acres of land
drain to every one acre of Shawano
Lake. However, there is a potential
that even less of the land area in this
watershed  actually  contributes
nutrients to Shawano Lake. This is
because low-lying areas may function
as  phosphorus  sinks,  where
precipitation and nutrients enter

directly into the groundwater and do | =

not travel over land to Shawano Lake.
Figure 3.3-1 and Map 2 show a

Figure 3.3-1. Shawano Lakehed delineation. Solid black
line is entire watershed, dashed black lines are Loon and
White Clay subwatersheds.

potential effective watershed where
water is most likely to enter Shawano Lake from overland flow. This effective watershed may
more accurately portrait the watershed of Shawano Lake when the water table is low, whereas the
surficial watershed may be more representative during periods of high water.
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Density 73
182 <1%
<1%
Rural Residential
837 Acres
<1%
Pasture/Grass
2,451 Acres
5%
White Clay
Subwatershed
3,287 Acres
7%
Forest
4,610 Acres
10% Shawano Lake

Surface
6,258 Acres
13%

Wetlands
7,785 Acres
16%

Total Watershed: 47,351 Acres

Figure 3.3-2. Shawano Lakehed land cover types in acres. Based upon 2016 National Land Cover
Database (USGS 2019).

The watershed of Shawano Lake contains numerous lakes of which Loon and White Clay are the
largest (Map 2). There are also seven streams that enter the lake and the outlet of the lake flows
through Shawano Lake Outlet to the Wolf River. The three streams that drain the largest part of
the watershed are Loon, Duchess, and Pickerel creeks. In general, the landuse in the portion of
the watershed north of the lake and drained by Loon and Duchess creeks have a high percentage
of forests and wetlands (Figure 3.3-1). Much of the landuse on the eastern and southern part of
lake’s watershed are in crops and pasture/hay. Specifically, the lake’s watershed is composed of
forests (10%), row crops (22%), pasture/hay (5%), wetlands (16%), the lake surface itself (13%),
rural residential which includes shoreland homes (<1%), and medium and high density urban
(<1%) (Figure 3.3-2).

A study conducted by the Wisconsin DNR in 2013-2015 (WDNR 2016) found that the phosphorus
concentrations consistently exceeded the standard of 0.075 ug/L in a number of streams. These
streams drained areas where agriculture was a significant landuse. These streams also ranked as
poor based upon the macroinvertebrate IBI and fish IBI. The streams with the best water quality
were Loon, Duche