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CrockeryLakeEvaluationStudy and
RestorationPlan
Ottawa County,Michigan

September 2024

1.0 EXECUTIVE SUMMARY

Crockery Lake is located in Chester TownshiBN,TR.13W Figure ] Ottawa County,
Michigan,and is a naturalake with an outlet The lake surface area is comprised of 111
acres (RLS, 202Bigure ). The lake outlet is located at the southwest end of the ke

drains into Crockery Creek. The maximum depth of the lake is approximately 54 feet. The
lake shoreline is approximately 2.54 miles. The fetch (longest distance across the lake) is
approximately 1.0 mileThe lake has an immediate watershed of approximately 2,533 acres
which is 22.8 times the lake surface area and means that Crockery Lake has a largd
immediate watershedA larger watershed allows for more pollutant and nutrient inputs over
time. Crockery Lake has elevated nutrient concentrations with very high total phosphorus
(TP) measured near the bottom which indicataternal loading that leads to increased
weed and algae growth due to the anoxic (very low dissolved oxygen) concentratsons
measured at the lake bottom.

The small lake size makes it vulnerable to nutrient loading, resulting in algal blooms and/or
excessive submersed aquatic vegetation growth. The lake association has levied an
assessment through a Special Assessment District (SAD) under P.A. 188 ofl&b4aw

fund improvementsolelyfor aquatic vegetation management for a period of up to 20 years.
The current assessment for this SAD is at $126.66 per property for a total of 105 assessec
parcels. In consideration of this cost, it is clear thabstantialregoration of the lake will

add to this cost and thus cosffective strategies are needed for a sustainable lake
restorationprogram. A reduction in lake nutrients through the recommendegthods cited

in the sections below would be expected to reduce algal abundance and associated
treatment costs over time.

The largest issue regarding the health of Crockery Lake is extead@ig of nutrients from
drains that are resulting in an internal loading of phosphorus in the lake basin. Additionally,
non-point source nutrients from septic drain fields are also likely contributors to nutrient
loading in the lake. Both of these soarypes have resulted in accelerated eutrophication

of the lake in the form of increased and widespread algal blooms and nuisance submersed
aquatic vegetation.




While reduction of nutrients from the drains (immediate watershed) is critical, highly
selective management aily invasiveaquatic vegetation is also important. Current aquatic
vegetation treatment should include the use of systemic herbicides for invasive milfoil to
reduce treatment costs in future yearRemoval of too much submersed aquatic vegetation
relative to the lake surface area can result in increased nutrient uptake by algae which can
worsen the lake condition.

RLS recommends continued sampling all of the dramtsthe two deepest lake basins in
future years as required by a future EGLE pernSitich data collection is critical for the

w»
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filters and other methoddn reducing nutrient loadsThe major BMPs should include the
following:

1. Collaboration with all farms that abut the tributaries for reducing farm runoff and
using innovative vegetative and soil retention technologies

2. Implementation of a lakevide septic system maintenance program with proof of
good function. Possible implementation of sgpecific aerobic digesters may also be
used to reduce nutrients from drain fields to the water table and lake water.
Implementation of Biochar or other vegetative filters in the lake drains to reduce
nutrient loads to the lake.
Installation of hypolimnetic oxygenation units in the two deepest basins to increase
dissolved oxygen at depth and prevent the continual current release of phosphorus.

. Continued riparian involvement in local decisioraking relative to lake health with

SRAzOF A2yl f $2N] aKz2LaA 2y GKS FF2NBYSyYyUR 2

The major goals and objectives for the lake include reduction of incoming nutrient loads, a
septic maintenance program, and sustained reductioharinful algal bloomsnd invasive
aqguatic plant growth. The estimated costs for these improvements per assessed property in
the current SAD are shown in Secti®f. Note that onlyaquatic vegetation treatment is
allowed for the current SAD pgram, andhus no restoration funds areurrentlyavalable.
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Figure 1. Aerial base map of Crockery Lake, Ottawa County, MI.




2.0 LAKE ECOLOGY BACKGRONNDRMATION

2.1 Introductory Concepts

Limnology is a muldlisciplinary field which involves the study of the biological, chemical,
and physical properties of freshwater ecosystems. A basic knowledge of these processes i
necessary tainderstand the complexities involved and how management techniques are
applicable to current lake issues. The following terms will provide the reader with a more
thorough understanding of the forthcoming lake management recommendations for
CrockeryLake

2.1.1 Lake Hydrology
Aquatic ecosystems include rivers, streams, ponds, lakes, and the Laurentian Great Lakeg
There are thousands of lakes in the statéMithigan,and each possesses unique ecological

functions and socikeconomic contributions. In general, lakes are divided into four
categories:

Seepage Lakes,

1
1 Drainage Lakes,
1

SpringFed Lakes, and
9 Drained Lakes.

Some lakes (seepage lakes) contain closed basins and lack inlets and outlets, relying sole
on precipitation or groundwater for avater source. Seepage lakes generally have small
watersheds with long hydraulic retention times which render them sensitive to pollutants.
Drainage lakes receive significant water quantities from tributaries and rivers. Drainage
lakes contain at least @ninlet and an outlet and generally are confined within larger
watersheds with shorter hydraulic retention times. As a result, they are less susceptible to
pollution. Springled lakes rarely contain an inlet but always have an outlet with
considerable fiw. The majority of water in this lake type originates from groundwater and

is associated with a short hydraulic retention time. Drained lakes are similar to seepage
lakes, yet rarely contain an inlet and have a-fow outlet. The groundwater and seage

from surrounding wetlands supply the majority of water to this lake type and the hydraulic
retention times are rather high, making these lakes relatively more vulnerable to pollutants.
The water quality of a lake may thus be influenced by the quafityoth groundwater and
precipitation, along with other internal and external physical, chemical, and biological
processes CrockeryLakemay be categorized asdrainagdake since it hakur prominent
inletsas well as an outlet @ahe southwestsection of thelakewhich entersCrockeryCreek

and eventuallyempties intothe GrandRiver and into Lake Michigan.




2.1.2 Biodiversity and Habitat Health

A healthy aquatic ecosystem possesses a variety and abundance of niches (environmenta
habitats) available for all of its inhabitants. The distribution and abundance of preferable
habitat depends on limiting influence from development, while preservimgisige or rare
habitats. As a result of this, undisturbed or protected areas generally contain a greater
number of biological species and are considered more diverse. A highly diverse aquatic
ecosystem is preferred over one with less diversity becauesioivs a particular ecosystem

to possess a greater number of functions and contribute to both the intrinsic and-socio
economic values of the lake. Healthy lakes have a greater biodiversity of aquatic
macroinvertebrates, aquatic macrophytes (plantshdis, phytoplankton, and may possess

a plentiful yet beneficial benthic microbial community (Wetzel, 2001).

2.1.3 Watersheds and Land Use

A watershed is defined as an area of land that drains to a common point and is influenced
by both surface water and groundwater resources that are often impacted by land use
activities. In general, larger watersheds possess more opportunities for pollutants to enter
the ecosystem, altering the water quality and ecological communities. In addition,

watersheds that contain abundant development and industrial sites are moreralle to

water quality degradationfrom pollution which may negatively affect both surface and

ground water. Since many inland lakesvithiganare relatively small in size (i.e. less than
300 acres), they are inherently vulnerable to nutrient and pgaht inputs, due to the
reduced water volumes and small surface areas. As a result, the living (biotic) components
of the smaller lakes (i.e. fishery, aquatic plants, mdok@rtebrates, benthic organisms,

etc.) are highly sensitive to changes in wateality from watershed influences. Land use
activities have a dramatic impact on the quality of surface waters and groundwater.

In addition, the topography of the land surrounding a lake may make it vulnerable to nutrient
inputs and consequential loading over time. Topography and the morphometry of a lake
dictate the ultimate fate and transport of pollutants and nutrients entetiing lake. Surface
runoff from the steep slopes surrounding a lake will enter a lake more readily than runoff
from land surfaces at or near the same grade as the lake. In addition, lakes with steep drop
offs may act as collection basins for the substarthasare transported to the lake from the
land. Land use activities, such as residential land use, industrial land use, agricultural land
use, water supply land use, wastewater treatment land use, and storm water management,
can influence the watershed a particular lake. All land uses contribute to the water quality

of the lake through the influx of pollutants from nguoint sources(NPS)or from point
sources. Noipoint sources are often diffuse and arise when climatic events carry pollutants
from the land into the lake. Poirgource pollutants are discharged from a pipe or input
device and empty directly into a lake or watercourse.




Residential land use activities involve the use of lawn fertilizers on lakefront lawns, the
utilization of septic tank systems for treatment of residential sewage, the construction of
impervious (impermeable, harsurfaced) surfaces on lands within the weghed, the
burning of leaves near the lakeshore, the dumping of leaves or other pollutants into storm
drains, and removal of vegetation from the land and near the water. In addition to
residential land use activities, agricultural practices by vegetatp and cattle farmers

may contribute nutrient loads to lakes and streams. Industrial land use activities may include
possible contamination of groundwater through discharges of chemical pollutants.




3.0 CROCKERMKHEPHYSICAL CHARACTERISTICS

3.1  TheCrockeryLakeBasin

The lake surface ared Crockery Lakis comprised of 111 acres (RLS,80Zhe lake outlet

is located at the southwest end of the laked drains into Crockery Creednd eventually

into the Grand River and Lake Michigdine maximum depth of the lake is approximately

54 feet. The lake shoreline is approximately 2.54 miles. The fetch (longest distance across
the lake) is approximately 1.0 mil€he lake has an immediate watershed of approximately
2,533 acres which is 22.8 times the lake surface area and means that Crockery Lake has
large immediate watershedlhere are four key aas of drainage that enter the lake and
contribute nutrients (Figure 2).

A bathymetric (depth contour) map was created in 2024 (Figure 3) by scanning the lake basin
with a specialized transducer and Lowrance H@SG®S unit. Additionally, bottom
sediment hardness scan was conducted of the entire lake botiniay 29 2024(Figure

4). The bottom hardness map shows thatost of the lake bottom consists of fairly
conolidated sedimentthroughoutthe lake with a few areas with saftottom. This is not
surprising given the amount of sandy loams in the region which contribute to lake geology.
Table Ishowsthe categories of relative bottom hardness with @0 referring to the softest

and least consolidated @ittom and >0.4referringto the most consolidated bottonfor the

lake basid ¢tKAA a0FfS R2Sa y20 YSIy GKFG |ye
rather a bottom that is more catsiveand not flocculent.

Table 1.CrockenylLakebasinrelative hardness of the lake bottom by category bardness
and percentcover of each category (relative cover).

Lake Bottom Relative # GPS Points in Each | % Relative Cover of Botton
Hardness Category Category (Total 3,487 by Category
0.0-0.1 0 0.0
0.1-0.2 111 3.2
0.2-0.3 1976 56.7
0.30.4 1399 40.1
>0.4 1 0.0
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4.0 CROCKERY LAKE IMMEDIATE WATERSHEDTANBNT POLLUTION

The term nonpoint source pollution refers to pollutants that are diffuse and usually have
more than one source. The immediate watershed surrounding Crockery Lake contributes
nonpoint source (NPS) pollutants to the lake through the draeptic systemsnd runoff.

It is nearly impossible to control the inputs from such as large area and in the absence of
requested legal easements for upstream drain improvements. Thus, improvements at the
junction of the lake and drain are the most likelyremluce inputsUpstream efforts should
include waking with all farms abuttinghte tributaries to reduce runoff and associated
nutrients. This can be accomplished with focus groups that include the farm owners,
Association members, and other relevatakeholders

An immediatewatershed is defined as a region surrounding a lake that contributes water
and nutrients to a waterbody through drainage sources. Watershed size differs greatly
among lakes and also significantly impacts lake water quality. Large watersheds with much
dewelopment, numerous impervious or paved surfaces, abundant storm water drain inputs,
and surrounding agricultural lands, have the potential to contribute significant nutrient and
pollution loads to aquatic ecosystems.

Crockery &ke is located within th&rand Riveextended watershedThe Grand River is
aAOKAIlFIyQa t2y3Sad NRAROSNI I i wmnddackéon cdbirdtiesA y
and ending in Ottawa County where it empties into Lake Michigan near Grand Haven. The
Grand River watershed is so large that it is often divided into an upper and lower section
with the Lower Grand River watershed including countieshsas Allegan, Barry, Eaton,
lonia, Kent, Mecosta, Montcalm, Muskegon, Newaygo, and Ottawa counties. The watershed
encompasses an area of approximately 3,028 #idlditionally, there is a drop in elevation
within the watershed from 1,260 feet above measadevel to an elevation of 577 fedthis
information is valuable on a regional scale; however, it is at the immediate watershed scale
that significant improvements can be made by the Idaké community.

The immediate watershed of Crockery Lake consists of the area around the lake that directly
drains to the lake and measurapproximately2,533acres in siz¢Figure5; RLS, 2022). The
immediate watershed is about 22.8 times the size of the lake, which is considered a large
immediate watershed.The lakefront itself has a diverse application of land uses such as
beachfront for swimmingwetlands,andforestedlands. Thus, management options should
also consider all of these land uses and preserve their unique functioren influxes of
nutrients are the largest threat to the water quality of Crockery Lake next to septic systems.
There are four key areas of drainage that enter the lake (Figure 6).




€D, USGS,
Communis?

Figure5. Crockery Lake immediate watershed boundary (RLS, 2022.)




Crockery Lake

Ottawa County, M
Tributary Flowpath Location Map

Legend

() Triutary Number

/ Tributary Number 2

4 Tributary Number 3

@ Trbutary Number 4

@ Outet (Crockery Creel)

Google Earth '

Figure 6. A map showing thdrainage courses into Crockery Lake (RLS, 2024).




There arer major soil typesmmediately surroundin@rockery Lakerhich may impact the
water quality of the lake and may dictate the particular land use activities within the area
(Table2). The denotes a lake with fairly complex geoldgygure7; created with data from

the United States Department of Agriculture and Natural Resources Conservation Service,
1999) demonstrates the precise soil types and locations aroQrmtkery Lake Major
characteristics of the dominant soil types directly surrounding@neckery Lakshoreline

are discussed below.

Table2. Crockery Lak&horeline Soil Types (USEMRCSlata).

USDANRCS Location

Soil Series

Primary Characteristics

Adrian Muck (1% slopes) south-central

Granby loamy sand {2% slopes) S, Sw, se
Newaygo sandy loam {&% slopes) south
Richter sandy loam {8% slopes) northwest
Shoals loam east
TekeninkSpinks loamy sands-(& n, ne
% slopes)

Warners muck northwest

Poorly drained
Very deep, poorly drained
Very deep, well drained
Very deep, somewhat poorly drainec
Very deep, somewhat poortjrained

Very deep, well drained

Poorly drained

Where n = north, s = south, w = west, and e = east.
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Figure7. Crockery Lake shoreline soils map (NRESDA data).

The majority of the soils aroun@rockery Lake are sandy loams which are very deep and
somewhat well drained to well drained soils. These soils are located along the north shore
and are in an area of higher slopesl®%). Improper landtabilization may result in erosion

of properties without proper erosion control management and also during periods of high
water.

There are also organic saturated soils such as the Adrian and Warners mucks, present nea
the central lake shorelines that are very deep, very poorly drained soils with the potential
for ponding. Ponding occurs when water cannot permeate the soil and adates on the
ground surface which then many runoff into nearby waterways such as the lake and carry
nutrients and sediments into the water.




Excessive ponding of such soils may lead to flooding of somdyilogvshoreline areas,
resulting in nutrients entering the lake via surface runoff since these soils do not promote
adequate drainage or filtration of nutrients. The mucks located in théands may become
ponded during extended rainfall and the wetlands can serve as a source of nutrients to the
lake. When the soils of the wetland are not saturated, the wetland can serve as a sink for
nutrients and the nutrients are filtered by wetland ptanThe following sections discuss the
sources and impacts of nutrients from npoint sources (NPS) which includes drains and
septic systems.

4.1 Nutrient Shifts and Reduction

The control of nutrients from a surrounding watershedcatchment to any lake is a proven
necessity for longerm nutrient reduction. Although nutrients are a necessity for the
primary production of algae and aquatic plants in a lake ecosystem, an overabundance of
nutrients causes substantial problems as notdmbve. Lakes that lie within an agricultural
watershed may experience acute and chronic influx of sediments, nutrients, and bacteria,
among other pollutants. Those within urbanized watersheds face other stressors that
include nutrient pollution but alsmflux of metals, dissolved solids, among other pollutants.

In many areas, however, the watershed reduction approach is limited, and restorative
measures must begin within the lake basin. Annadottaalet(1999) noted that even years
after a sewage treatment plant was built along the shores of Lake Finjasjon (Sweden), the
lake trophic status continued to decline. This was due to the existence of sediments that
continuously leaked phosphorus into the olygeng waters. A combination of intensive lake
restoration methods was needed to significantly improve the water quality and consisted of
sediment removal, constructed wetlands for watershed nutrient removal, and food web
manipulation to improve the fishery. Their study proved that in cases of extwgater
guality degradation, multiple techniques are often needed to bring a marked balance back
to the lake ecosystem. In other words, one solution may not be enough to accomplish
restoration.

4.2 Impacts of NPS Pollution on Inland Waters:

Beginning in 2007 and continuing to the present day, the USEPA Office of Water and Office
of Research and Development has partnered with multiple stakeholders at both the state
YR FSRSNIf fS@Sta (2 RSNAGS O2Y LiiciNiichadey a
lakes, wadable streams, large rivers, coastal estuaries, and wetlands. During the
assessment, 1,028 lakes have been sampled along with 124 reference lakes and 100 lake
which were resampled. Lakes were selected from the National Hydrogr&gaitgt Set (NHD)

using a set of criteria that addressed trophic status, locale, and physical characteristics.
Water quality indicators such as biological integrity, habitat quality, trophic status, chemical
stressors, pathogens, and paleolimnological clesngere measured.
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30% of lakes had the toximicrocystin, which is produced by the blgeeen algae
Microcystis Approximately 49% of the lakes had mercury concentrations in fish tissues that
exceeded healthy limits. The key stressors of the lakes were determined to be poor
shoreline habitat and excessive nutrients. A favorable outcome of the inventory revealed
that half of the lakes exhibited declines in phosphorus levels compared to levels noted in the
SINI & MpTnQao 5SALIAGS GKAA 203ASNIISR RSOfR Y
degradations in water quality. One reason for this problem is that many lakes have
properties that utilize septic systems. Since riparians have little control over local pollutant
loading from agriculture to inland lakes, the maintenance of septic systerostical for

water quality protection.
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Non-point source (NPS) pollutants are diffuse and have many potential sources to inland
lakes such as large agricultural land use activities that abut waterways and drain into
Crockery Lakb hy OS ARSYUAFASRE GKSaS I NS NBFSNNBR
FNE FNBFa GKFId O2yGNAG6dzi S RANBOGE e G2 R
substantially more nutrient, and sediment loads than most of the immediate wagersinea

(White etal., 2009) and thus are a critical component for the discovery of target areas with
highestimpacton waterquality/ { ! Qa OFl'y O2y GNARO6dziS KA3IK f fAlR
to inland waterways and often escape detection during lakenagement programs. In
vulnerable areas, these pollutants enter lakes after a climatic event such as heavy rainfall or
ay26vYStao ¢KS adzZNNRPdzyRAy3a I yRaOlFILS Aa PNI
areas contain high slopes which increase thebgitality of erosion, while others contain

soils that pond and contribute pollutants to the lake via runoff from the land. This
information is critical to include in a watershed management program since Best

al Yyl 3sSYSyid t NI Ol A OSspedfic aral addrass theipiligtaiaf Idadsatshe 3 A S
sitef SGSt @ alye .atQad gAff F2tt26 NBO2YYSHVIRI
which aims to reduce the amount of imperviousness in developed areas. Since so many lak
shorelines are already developed are being further developed, the use of LID practices

will help reduce runoff and protect water quality.

I NRGAOIT { 2 dAddockerNBke@re defefmine dased on characteristics

that would likely contribute nutrient or sediment loads @rockery Lake which includes

major drainsAtotal of4/ { ! Q&4 G SNB F2dzy R AY eniekir§CrackeryS RA | U
Lakeand are shown in Figus3-11. In addition, it is important to remember that during

high rainfall periods, wetlands around the lake may act as a source, rather than a sink, for

Ny

nutrients that may enter the lake. This is a natural procéss tloes not have a mamade
solution.



Elder (1985) discusses the sgiurce interactions between wetlands and rivers or other
waterways. He cites timing and duration of flooding events as being the key predictors of
nutrient and material transport from the wetland to the waterway.

It is important to retain many of the wetland features, as any entry portals cut through the
wetland (i.e., via cutting emergent cattails or other vegetation), may cause overland flow
which could carry nutrients and sediments directly from wetlands iGtockery Lake
Wetlands have been traditional for the treatment of storm water in that they filter out
nutrients and sediments. However, during very intense rainfall events, the hydric
(saturated) soils in the wetland may actually contribute nutrient®tackery Lake

Based on the data below Bection 7.0the tributaries entering Crockery Lake are significant
sources of nutrients such as phosphorus and nitrogen to the lake, especially during intense
NFAYyTFLrEt S@Syidad ! LJAGNBIY .atQa gAGK FIN
future and a cdaborative approach is recommended.

Crockery Lake
Ottawa County. M|

®_Tributary Number 1

Figure8. CSA #1 draining into Crockery Lake (east sid@)s drain is approximately
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Figure9. CSA #2 draining into Crockery lake (northeastar the swamp. This
drain is approximately & n Quidthy
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Figurel0. CSA #3 draining into Crockery Lake (nonlear Grosse Park his drain is
approximately4c Q Ay 6ARGK ySI NI GKS 1 1So
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Figurell CSA #4 draining into Crockery Lake (by foot bridddiis drain is
approximately 1IGMH Q AY ARG K®




5.0 CROCKERMAKBNATER QUALITY

Water quality is highly variable amonylichigafQa Ay flyR f11Saz
characteristics are common among particular lake classification types. The water quality of

each lake is affected by both land use practices and climatic events. Climatic factors (i.e.

spring runoff, heavy rainfalll may aft water quality in the short term; whereas,
anthropogenic (maanduced) factors (i.e. shoreline development, lawn fertilizer use) alter
water quality over longer time periods. Since many lakes have a fairly long hydraulic
residence time, the water may neain in the lake for years and is therefore sensitive to
nutrient loading and pollutants. Furthermore, lake water quality helps to determine the
classification of particular lakes (Tab®. Lakes that are high in nutrients (such as
phosphorus and nitrogen) and chlorophgll and low in transparency are classified as
eutrophic; whereas those that are low in nutrients and chlorophylland high in
transparency are classified as oligotrophic. Lakes that fall in between these two categories
are classified as mesotrophi€rockeryLakeis classified asypereutrophic(very nutrient-
enriched)due to theveryhigh nutrientsand low Sechi transparencyelevated chlorophyl
a,and marked dissolved oxygen depletion with deffigurel?2).

Table3. GeneralLake Trophic Status Classification Tabl

Lake Trophic Total Phosphorus Chlorophyla Secchi Transparenc
Status (mg LY (ug LY (feet)
Oligotrophic <0.010 <22 >15.0
Mesotrophic 0.0100.025 2.2¢6.0 7.5¢15.0
Eutrophic >0.025 >6.0 <75

-



Eutrophic

Figurel2. Diagram showing a eutrophic or nutrier¢nriched lake ecosystem
(photo adapted from Brooks/Cole Thomson learning online).

5.1  Water Quality Parameters

Parameters such aslissolved oxygen(in mg/L), water temperature (in °C) specific
conductivity(mScm), total dissolved solidémgL), total suspendedsolids(mgL), pH(S.U.)
total phosphorusand orthophosphorus (also known a®lublereactive phosphorus or SRP
measured in méi), total Kjeldahl nitrogenand total inorganic nitrogen (in Mg),
chlorophylta (inpg/L), and Secchi transparency (in feate parametersthat respond to
changes in water quality and consequently serve as indicators of cloaegéme Thedeep
basinresultsfor all abiotic and biotic water quality parametease discussed below and are
presented in Tabke6-18. A statistical summary of all water quality data collected to date is
shown in Table @ A map showing the sampling locations for all water quality samples is
shown below in Figur#3. All water samples and readings were collecatdhe 2 deepest
basins orMay 29, 2024, July 22, 2024, and September 3, 202vthe use of &3.2-Liter
Van Dorn horizontal water sampler andlibrated Eureka Manta®multi-meter probe with
parameter electrodes, respectivelill samples were taken to a NELgertified laboratory

for analysisIn addition,5 sediment samplegFigurel4) were collectedhroughout the lake
basinusing an Ekman hand dredge September 32024. Sediment samples were analyzed
for sediment organic matter percentag@ mg/kg and particle sizeSpecific sampling
methods for each parameter are discussed in each parameter section below.
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Figurel3. Locations for water quality sampling of the deep basin CrockeryLake(2024).
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Figureld. Sediment sampling locations i@rockerylLake(September 3 2024).




5.1.1 Dissolved Oxygen

Dissolved oxygen is a measure of the amount of oxygen that exists in the water column. In
general, dissolved oxygen levels should be greater than/k tagustain a healthy warm
water fishery. Dissolved oxygen concentrations may decline if there is a high biochemical
oxygen demand (BOD) where organismal consumption of oxygen is high due to respiration.
Dissolved oxygen is generally higher in colderensat Dissolved oxygemasmeasured in
milligrams per liter (mfL) with the use of acalibrated Eurekdanta I®dissolved oxygen
meter. The mean dissolved oxygeancentrationsn the basin oCrockenyt akeranged from
2.9-3.3 mg/L which is very lovaubstantial DO depletion was evident beyond depths-6f 4
meters by late May which is not favorable.

The bottom of the lake produces l@ochemical oxygen demand (BOd@)e to microbial
activity attempting to break down higlguantities of organic plant matter, which reduces
dissolved oxygen in the water column at deptRurthermore the lake bottom is distant
from the atmosphere where the exchange of oxygen occuksdecline in the dissolved
oxygen concentrations to near zero may result in an increase in the release rates of
phosphorus (P) from lake bottom sedimeni&his means thaCrockeryLake has a large area

of low oxygen throughout the summer months.

ow _ CrockenylLake
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5.1.2 Water Temperature

I £ | 1 S @edmpenathré Mgk within and among seasons, and is nearly uniform with
depth under the winter ice cover because lake mixing is reduced when waters are not
exposed to the wind. When the upper layers of water begin to warm in the spring after ice
off, theO2f RSNE RSyasS flF&8SNBE NBYlIAY d GKS 062
that acts as a transition layer between warmer and colder water layers. During the fall
season, the upper layers begin to cool and become denser than the warmer layesimgea
Yy AY@BSNRERAZ2Y 1Y 2HEgirelb)iIn geferal, shallawdakgs ilPrdiskatify
and deeper lakes may experience single or multiple turnover cydfaser temperaturevas
measured in degrees Celsius (°C) with the usedaalidrated Eureka Manta®submersible
thermometer. Themeanwater temperature measurements the basin ofCrockeryLake
ranged from 13.316.6°C.




THERMOCLINE THERMOULINE

SPRING SUMMER FALL WINTER

Figurel5. The lake thermal stratification process.

5.1.3 SpecificConductivity

Specific onductivity is a measure of theumber of mineral ions present in the water,
especially those of salts and other dissolved inorganic substances. Conductivity generall
increases with water temperature and the amount of dissolved minerals and salts in a lake.
Specific onductivitywasmeasured in micré&@iemenger centimeter (j5/cm with the use

of a calibrated Eureka Manta®Iconductivity probe and meter.The mean conductivity
valuesin the basis of CrockeryLakeranged from 482496 mS/cm which are moderate.

Since these values amoderatefor an inland lake, the lake water contaissmedissolved
metals and ions such as calcium, potassium, sodium, chlorides, sulfates, and carbonates
Baseline parameter data such as conductivity are important to measure the possible
influences of land use activities (i.e. road salt influence}mtkeryLakeover a long period

of time, or to trace the origin of a substance to the lake in an effort to reduce pollutant
loading. Elevatel conductivity values over 800 it can regatively impact aquatic life.
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5.1.4 Total Dissolvedolids and TotaBuspended Solids

Total Dissolved Solids

Total dissolved solids (TDBg ameasure of the amount of dissolved organic and inorganic
particles in the water column. Particles dissolved in the water column absorb heat from the
sun and raise the water temperature and increase conductivity.

Total dissolved solidsere measured with the use of a calibrat&aireka Manta ®meter in

mg/L. Spring values are usually higher due to increased watershed inputs from spring runoff
and/or increased planktonic algal communitieBhemeanTDS concentrations the basin

of CrockeryLakeranged from 30817 mg/L.These values amnoderatefor an inland lake

and correlates with the measuradoderateconductivity.
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Total Suspended Solids (TSS)

Total sispendeal solids arehe measure of thenumberof suspended particles in the water
column. Particles suspended in the water column absorb heat from the sun and raise the
water temperature. Total suspended solidere measured in mf. and analyzed in the
laboratory with Method SM 2540 E11. The lake bottom containsome fine sediment
particles that are easily perturbed from winds and wave turbulence. Spring values would
likely be higher due to increased watershed inputs from spring runoff and/or increased
planktonic algal communitiesThemeanTSS concentratioria the basiis of CrockeryLake
wereall <10 mg/L, which is optimal
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515 pH

pH is the measure of acidity or basicity of water. vipgmeasured with aalibrated Eureka
Manta II®pH electrode and phheter in Standard Units (S.U). The standard pH scale ranges
from O (acidic) to 14 (alkaline), with neutral values around 7. Nbshiganlakes have pH
values that range frond.0to 9.5S.U Acidic lakes (pH < 7) are raréithiganand are most
sensitive to inputs of acidic substances due to a low acid neutralizing capacity (ANC).

ThemeanpH valuesn the basiis of CrockeryjLakeranged from 7.98.0 S.UThis range of pH

is neutral to alkaline orthe pH scaland is ideal for an inland lake. pH tends to rise when
abundant aquatic plants are actively growing through photosynthesis or when abundant
marl deposits are present.

5.16 Total Phosphoruand OrthoPhosphorus (SRP)

Total Phosphorus

Total phosphorus (TP) is a measure of the amount of phosphorus (P) present in the water
column. Phosphorus is the primary nutrient necessary for abundant algae and aquatic plant
growth. Lakes which contain greater tha®20 mdL of TP are defined as eutrophic or
nutrient-enriched. TP concentrations are usually higher at increased depths due to the
higher release rates of P from lake sediments under low oxygen (anoxic) conditions.
Phosphorus may also be released from sedimestpl increases. Total phosphoruas
measured in niligrams per liter fhg/L) with the use oMMethod EPA 200.7 (Rev. 4.4)he
meanTPconcentrationdn the basiis of CrockeryLakeranged from 0.1370.311 mg/Lwhich

are \ery high values and well above thatrophic thresholdThe highestconcentrationwas

0.860 ng/L whichis extremely high.

Theseconcentrationgend to behigher at the bottom depths and are indicative of internal
loading of TP which means that the TP is accumulating in the lake bottom and is released
when the dissolved oxygen leuslow. This in turn reirculates the TEhroughoutthe lake

and makes it constantly available for algae and aquatic plants to use for growth.
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Ortho-Phosphorus

Ortho-Phosphorus (also known aslublereactive phosphorus or SRP) was measured with
Method SM 450€P (E11). SRP refers to the most bioavailable from of P used by all aquatic
life. ThemeanSRRoncentrationsn the basirs of CrockeryLakeranged from 0.088.214
mg/L. These valueare also well above the eutrophic threshold like total phosphoamns!

area majorthreat for increasing the density of bltgreen algal blooms
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5.1.7 Total Kjeldahl Nitrogerand Total Inorganic Nitrogen

Total Kjeldahl Nitrogen (TKN) is the sum of nitrate)\@itrite (NQ"), ammonia (Nkt), and
organic nitrogen forms in freshwater systemBKN was measured with Method EPA 351.2
(Rev. 2.0) and Total Inorganic Nitrogen (TIN) eadsulatedbased on the aforementioned
three different forms of nitroge at Trace Analytical Laboratories, Inc. (a NEtektified
laboratory). Much nitrogen (amino acids and proteins) also comprises the bulk of living
organisms in an aquatic ecosystem. Nitrogen originates from atmospheric inputs (i.e.
burning of fossil fuels), wastewater sources from developed areasyneff from fertilized
lawns), agricultural lands, septic systems, and from waterfowl droppings. It also enters lakes
through groundwater or surface drainage, drainage from marshes and wetlands, or from
precipitation (Wetzel, 2001). In lakes with an adance of nitrogen (N: P > 15), phosphorus
may be the limiting nutrient for phytoplankton and aquatic macrophyte growth.
Alternatively, in lakes with low nitrogen concentrations (and relatively high phosphorus), the
blue-green algae populations may increaslue to the ability to fix nitrogen gas from
atmospheric inputs. Lakes with a mean TKN value of 0.6& mgy be classified as
oligotrophic, those with a mean TKN value of 0.75/lnmay be classified as mesotrophic,
and those with a mean TKN value greater than 1.88 mmay be classified as eutrophithe
mean TKNconcentrationsin the basirs of CrockeryLakeranged from 1.€2.6 mg/L. These
valuesare slightly elevatedor an inland lake of similar sizdn the absence of dissolved
oxygen, nitrogen is usually in the ammonia form and will contributegoroussubmersed
aqguatic plant growth if adequate watémransparencyspresent,which is the case iGrockery
Lakefor the firstpart of the growing season

Thetotal inorganic nitrogenTIN consists ofitrate (NG), nitrite (NQ), and ammonigNHs)
forms of nitrogen without theorganicforms of nitrogen.The mean TINoncentrationsin
the basin ofCrockeryLakeranged from1.4-2.1 mg/L which iguite high.




Two major reasons why submersed rooted aquatic plant growth is not more prevalent given
these concentrationsare due todepth limitations and the lack of wateclarity which is
critical for higher aquatic plant growth.The mean nitrateconcentrationsin the basins
ranged from 0.1080.410 mg/L which are moderat&he mean nitrite values fdhe lake
ranged from 0.10@.205 mg/L which is concerning given above detectable limits of nitrite.
Overall, there is an abundance of nitrogerCrockeryLakewhich ismostly in the ammonia
form with amean concentratiomange from 0.81%.1 mg/L which is quite high.
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5.1.8 Chlorophylta and Algd Community Composition

ChlorophyHais a measure of the amount of green plant pigment present in the water, often
in the form of planktonic algaeChlorophyHa water samples wermeasured in situ with a
calibrated in situ Turner Desigr® fluorimeter. High chlorophyla concentrations are
indicative of nutrientenriched lakes. Chloropmdiconcentrations greater than 6 figare
found in eutrophic or nutrienenriched aquatic systems, whereas chloroplayll
concentrations less than 2.2 {ig are found in nutrierdpoor or oligotrophic lakes.The
chlorophylta concentrations varied depending upon laboratory method or in situ testing.
The lab method resulted in a mean range ofR.8ug/L,whereaghe in situ method showed
valuesthat ranged from6-16 pg/L. These are well above eutrophic water readings and
indicative of a major issue with algaednockenyjake The insitu methods likely show higher
values because those measurements are collected at the surface where buoyaigtréére
algae aggregate on the water surface.

The dominant algae in the lakblge greern tends to be buoyant and float on the surface
which reduces light to other favorable algae bel®@yanobacterialblue-green algae) have
the distinct advantage of using nitrate and ammonidha water (along with dgas from
the atmosphere) as food and can ecdmpete the green algae due to their faster growth
rates and ability to be buoyant at the lake surface which reduces ligimderlyingalgae.

To determine the presence ofgal genera fronthe composite water sampkecollectedfrom

the deep basie of CrockeryLake 500 ml of preserved sample wereollected,and al-mL
subsample was placed to settteito a SedgewicRafter countingchamber The ocular
micrometer scale wasalibrated.The samples were observed under a

Zeis®compound microscope at 400X magnification and scanned at 100X magnification to
allow for the detection of a broad range of taxa present.




All taxa were identified to Genus levBhytoplanktorsamples were enumerated for thiily

and Septembesampling everd and are shown below in Taldd and 5 The bluegreen

algae were more dominant than both green algae and diatoms. Diatoms and green algae
are the morefavorable algal genera.
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RLS is aware of somecentNBE LI2 NIl & 2 F K NI T deiteddntha lake EGRLE 2 2
has a protocol foreportingl ! . Q&  @dk: lalga&i6dni@imichigan.govAll riparians
should avoid all surface scums and immediately wash after exiting the lake.

Table4. Counts (# cells per 1 mL siample)

for each genera of algae found at each sampling
location (n=2) in the lake basis of CrockeryLake
(July22, 2@4).

Taxa Present DB2
Cladophorasp. 56 31
Rhizocloniunsp. 1
Pediastrunsp. 11
Ulothrixsp. 7
Haematococcusp. 9
Microcystissp.
Naviculasp. 8
Synedrasp. 19
Fragillariasp. 11
Rhoicospheniap. 6

Note: G = green alga€lklorophytg; BG = blue
green algae@yanophytg D =diatoms Bacillariophyt
R = rotifers (Rotifera)
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Table5. Counts (# cells per 1 mL siample)

for each genera of algae found at each sampling

location (n=2) in the lake basisof Crockery Lake

(September 3 2(24).

Taxa Present

DB1

DB2

Cladophorasp.

26

Pediastrunsp.

16

Ulothrixsp.

10

Haematococcusp.

12

Scenedesmus sp.

1

7
4
7
5
0

Microcystissp.

~18,000

Naviculasp.

3

6

Synedrasp.

5

2

Fragillariasp.

7

0

Note: G = green algg€hlorophyta); BG = blue
green algae (Cyanophyta); D = diatoms (Bacillariophyta)
R = rotifers (Rotifera)

5.19 Secchi Transparency

Secchi transparency is a measure of the clarity or transparency of lake water, and is
measured with the use of a8inch diameter standardized Secchi digking calm to light

wind conditions Secchi disk transparenaas measured in feet (ft.) by lowering the disk
over the shaded side of a boat around noon and taking the mean of the measurements of
disappearance and reappearance of the d{Bigurel6). Elevated Secchi transparency
readings allow for more aquatic plant and algae growth. Eutrophic systems generally have
Secchi disk transparency measurements less than 7.5 feet due to turbidity caused by
excessive plaktonic algae growth. Thmean £cchi transparencin CrockeryLakeranged

from 2.64.6 feet which is lowlt is clear that the Secchi transparency declined throughout
the season which was largely due to the growth of bjmeen algal blooms. This
transparency indicates that an abundance of algae are prakemtighoutthe water column
whichreduces water clarity Secchi transparency is variable and depends on the amount of
suspended particles in the water (often duewindy conditions of lake water mixing) and

the amount of sunlight present at the time of measurement.
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Figurel6. Measurementof water transparency with a Secchi disk.

5.1.10 Sadiment Organic Carborand Particle Size

Organic matter (OM) contains a high amount of carbon which is derived from biota such as
decayed plant and animal matter. Detritus is the term for all dead organic matter which is
different than living organic and inorganimatter. OM may be autochthonous or
allochthonous in nature where it originates from within the system or external to the system,
respectively. Sedimentsamples were collected during theeptember 3, 2024ampling
event using an Ekman hand dredge at each ofiteampling location§Table 6) Sediment

OM is measured with the ASTM D2974 Method and is usually expressed in a percentage (%
of total bulk volume. Many factors affect the degradation of organic matter including basin
size, water temperature, #rmal stratification, dissolved oxygen concentrations, particle
size, and quantity and type of organic matter present. There are two major biochemical
pathways for the reduction of organic matter to forms which may be purged as waste. First,
the conversbn of carbohydrates and lipids via hydrolysis are converted to simple sugars or
fatty acids and then fermented to alcohol, £0r CH. Second, proteins may be proteolyzed

to amino acids, deaminated to NH nitrified to NG- or NQ-, and denitrified to M gas.
Bacteria are the major factor in the degradation of organic matter in sediments (Fenchel and
Blackburn, 1979)The organic matter content ranged from 713.0% which is fairly low in
organic carbon. There were no gravel particles present with the sanepletsiningonly

sand and fine particles.
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Table6. CrockeryLakesedimentparameter data collected
throughout the lake basiSeptember 3 2024).

Sample | % Organic % % %
Site # Carbon Gravel | Sand
S1 7.3 0 65.7
S2 11.0 64.6
S3 12.0 51.6
S4 9.0 62.7
S5 13.0 62.4




Table7. CrockeryLakephysicalwater quality parameter data collected
at deep basin #1Nlay 29 2024).

Depth | Water | DO pH | Conduc. TDS Secchi

(m) Temp | (mg/L) | (S.U.)| (mS/cm)| (mg/L) Depth
(°C) (ft)

0 21.0 8.9 8.8 425 272 4.0
0.5 20.7 9.1 8.8 426 273
1.0 20.6 9.0 8.8 426 272
15 20.1 8.9 8.8 426 272
2.0 20.1 8.7 8.8 426 273
2.5 20.1 8.6 8.8 426 273
3.0 20.0 8.4 8.8 426 273
3.5 19.9 8.4 8.8 425 273
4.0 19.3 7.4 8.4 435 277
4.5 18.6 6.9 8.1 448 287
5.0 17.8 4.8 7.9 462 296
5.5 14.4 2.5 7.8 488 310
6.0 13.1 1.8 7.8 504 323
6.5 12.0 1.0 7.8 506 324
7.0 11.5 0.7 7.8 508 325
7.5 11.2 0.5 7.8 508 325
8.0 10.9 0.4 7.8 509 325
8.5 10.7 0.3 7.8 509 326
9.0 10.6 0.2 7.8 509 326
9.5 10.3 0.2 7.8 510 327
10.0 | 10.2 0.1 7.8 511 327
10.5 | 10.0 0.1 7.8 512 328
11.0 9.9 0.1 7.8 512 328
11.5 9.6 0.1 7.8 512 328
12.0 9.2 0.1 7.8 514 329
12.5 9.0 0.04 | 7.7 514 329
13.0 8.6 0.04 | 7.7 516 330
13.5 7.9 0.04 | 7.7 521 333
14.0 7.8 004 | 7.6 522 334
14.5 7.7 0.04 | 75 525 336
15.0 7.7 0.04 | 75 525 336
15.5 7.6 0.04 | 7.4 525 336
16.0 7.5 004 | 7.4 530 339
16.5 7.3 004 | 7.3 642 411
17.0 7.3 0.04 7.2 643 411
17.5 7.3 0.04 7.1 643 411




18.0 7.3 0.04 6.8 646 413
18.5 7.3 0.04 6.7 645 413

Table8. CrockeryLakechemicalwater quality parameter data collected at deep bas#il May
29, 2029).

Depth | TKN NHs | NG | NO- | TSS Ortho- | Chia
(m) | (mg/L) (mg/L) (mg/L) P | (/L)
(mg/L)
0 1.0 0.160 <10 <0.010| 1.03
95 | 16 .3 | 0.640 <10 <0.010| --
1.9 . 1.9 <10 0.220 | -




Table9. CrockeryLakephysicalwater quality parameter data collected
at deep basin 2 (May 29, 2024).

Depth | Water | DO pH | Conduc. TDS Secchi

(m) Temp | (mg/L) | (S.U.)| (mS/cm)| (mg/L) Depth
(°C) (ft)

0 20.8 | 10.1 9.0 423 271 4.2
0.5 20.7 | 10.0 9.0 423 271
1.0 20.2 9.9 9.0 425 272
15 19.9 9.7 8.8 426 273
2.0 19.7 9.2 8.6 429 274
2.5 19.6 8.4 8.6 432 276
3.0 19.5 7.7 8.4 434 278
3.5 19.2 6.8 8.3 439 281
4.0 18.9 6.2 8.2 445 284
4.5 18.4 5.3 8.0 453 289
5.0 17.7 4.8 7.9 464 297
5.5 16.8 3.4 7.8 470 307
6.0 15.0 2.5 7.8 494 317
6.5 13.4 1.7 7.8 500 320
7.0 12.4 1.1 7.8 505 322
7.5 11.7 0.7 7.8 506 324
8.0 11.0 0.5 7.8 509 326
8.5 10.7 0.4 7.8 510 326
9.0 10.5 0.3 7.8 510 326
9.5 10.4 0.2 7.7 510 327
10.0 | 10.2 0.2 7.7 511 327
105 | 10.2 0.1 7.7 512 327
11.0 | 10.1 0.1 7.7 512 328
115 | 10.0 0.1 7.7 513 329
12.0 9.8 0.1 7.6 516 330
12.5 9.7 0.1 7.6 520 333
13.0 9.5 0.1 7.6 524 336
13.5 9.4 0.04 | 7.4 528 338




Tablel0. CrockeryLakechemicalwater quality parameter data collected at deep bask2 (May
29, 2029).

Depth | TKN TIN NHs NGs- | NO- TSS TP Ortho- | Chtla

(m) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/lL) | P | (Hg/L)
(mg/L)

0 1.2 0.590 | 0.130 | 0.560 <10 | 0.070 | <0.010 | 0.710

6.5 1.2 0.890 | 0.260 | 0.590 <10 | 0.038 | <0.010
13.5 2.6 1.8 1.8 <0.20 <10 | 0.330 | 0.270




Tablell. Crockery Lak@hysicalwater quality parameter data collected
at deep basin #1July 22, 202}

Depth | Water | DO pH | Conduc. TDS Secchi

(m) Temp | (mg/L) | (S.U.)| (mS/cm)| (mg/L) Depth
(°C) (ft)

0 26.7 9.9 9.3 411 263 2.3
0.5 26.6 | 10.5 9.3 410 263
1.0 26.1 | 10.8 9.3 410 262
15 25.8 | 11.0 9.2 409 262
2.0 25.6 | 11.1 9.2 410 262
2.5 25,5 | 11.0 9.2 411 263
3.0 25.4 | 10.5 9.1 412 263
3.5 249 | 10.2 | 8.7 420 269
4.0 24.5 8.2 8.3 427 273
4.5 23.7 1.6 7.9 436 278
5.0 22.5 1.1 7.8 443 285
5.5 20.8 0.6 7.7 458 293
6.0 18.3 0.3 7.7 481 308
6.5 18.3 0.2 7.7 494 316
7.0 14.6 0.1 7.7 506 324
7.5 13.4 0.1 7.7 512 328
8.0 11.8 0.1 7.7 516 331
8.5 11.3 0.1 7.6 519 332
9.0 108 | 0.04 | 7.6 520 333
9.5 10.3 | 0.04 | 7.6 522 333
10.0 | 10.2 | 0.04 | 7.6 524 335
105 | 10.1 | 0.04 | 7.6 524 335
11.0 | 10.0 | 0.04 | 7.6 526 336
11.5 9.9 0.04 | 7.6 526 336
12.0 9.6 004 | 7.6 527 337
12.5 9.5 0.04 | 7.6 530 339
13.0 9.2 0.04 | 75 531 340
13.5 9.0 0.04 | 7.5 536 343
14.0 8.8 0.04 7.4 541 346
14.5 8.7 004 | 7.4 545 349
15.0 8.5 004 | 7.4 550 352
15.5 8.5 0.04 | 7.3 554 355
16.0 8.4 0.04 | 7.3 561 359




Tablel2. Crockery Lakehemicalwater quality parameter data collected at deep basHi July
22, 2023.

Depth | TKN | TIN | NHs | NG | NO- | TSS | TP | Ortho- | Chia
(m) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/lL)| P | (ug/L)
(mg/L)
0 0.8 | <0.200| 0.022 | <0.20 <10 | 0.028 | <0.010| 3.56
80 | 1.8 | 11 | 11 | <0.20 <10 | 0.094 | 0.063 | -
16.0 | 45 | 35 | 35 | <0.20 <10 | 0.540 | 0.490




Tablel3. Crockery Lak@hysicalwater quality parameter data collected
at deep basin £ (July 22, 2021

Depth | Water | DO pH | Conduc. TDS Secchi

(m) Temp | (mg/L) | (S.U.)| (mS/cm)| (mg/L) Depth
(°C) (ft)

0 27.1 9.0 9.3 410 262 2.8
0.5 27.0 | 10.3 9.3 409 262
1.0 26.7 | 11.2 9.3 411 263
1.5 26.0 | 11.3 9.3 412 264
2.0 25.8 | 11.2 9.3 410 263
2.5 25.6 | 11.0 9.2 412 264
3.0 25.6 | 10.2 9.0 415 265
3.5 25.2 9.1 8.8 418 268
4.0 25.0 7.6 8.5 422 271
4.5 24.5 6.1 8.1 430 275
5.0 22.8 15 7.9 444 283
5.5 21.1 0.8 7.8 454 292
6.0 19.2 0.3 7.8 467 299
6.5 16.1 0.2 7.7 497 318
7.0 13.8 0.1 7.7 510 326
7.5 12.2 0.1 7.7 514 330
8.0 11.4 0.1 7.7 517 331
8.5 10.9 0.1 7.6 520 333
9.0 10.6 0.1 7.6 522 334
9.5 10.4 0.1 7.6 524 335
10.2 7.5 525 337
10.1 7.5 527 337
10.0 7.5 529 338
9.9 7.4 535 342
9.7 7.4 544 348
9.6 7.3 551 352
9.5 7.3 557 357
9.4 7.2 565 363




Tablel4. Crockery Lakehemicalwater quality parameter data collected at deep bas#2 (July
22, 2023.

Depth | TKN TIN NHs NGs- | NO- TSS TP | Ortho- | Chla
(m) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | P | (Hg/l)
(mg/L)
0 0.8 |<0.200| 0.014 | <0.20 | <0.20 | <10 | 0.026 | <0.010| 1.06
6.5 1.5 0.740 | 0.740 | <0.20 | <0.20 | <10 | 0.034 | <0.010 --
13.5 4.8 4.0 4.0 <0.20 | <0.20| <10 | 0.710 | 0.700 --

Tablel5. Crockery Lak@hysicalwater quality parameter data collected
at deep basin #1eptember 3, 2024

Depth | Water | DO pH | Conduc. TDS Secchi

(m) Temp | (mg/L) | (S.U.)| (mS/cm)| (mg/L) Depth
(°C) (ft)

0 24.0 8.1 9.0 409 262 4.8
0.5 24.0 8.0 9.0 409 262
1.0 24.0 8.0 9.0 409 262
1.5 24.0 8.0 9.0 409 262
2.0 24.0 8.0 9.0 409 262
2.5 24.0 7.9 9.0 409 262
3.0 24.0 7.9 9.0 409 262
3.5 24.0 7.9 9.0 409 262
4.0 24.0 7.8 8.8 413 264
4.5 23.5 7.3 8.7 412 264
5.0 23.4 6.4 8.4 418 268
5.5 23.4 3.4 7.9 427 273
6.0 20.9 1.8 7.8 435 278
6.5 19.6 1.0 7.6 452 289
7.0 18.1 0.5 7.6 477 306
7.5 14.1 0.2 7.5 506 323
8.0 12.4 0.2 7.5 511 327
8.5 11.6 0.1 7.5 514 329
9.0 11.0 0.1 7.5 517 331
9.5 10.7 0.1 7.5 520 333
10.0 | 10.5 0.1 7.5 522 334
105 | 10.3 | 004 | 75 524 335
11.0 | 10.1 | 004 | 75 523 336
115 | 10.0 | 004 | 75 523 335
12.0 9.9 0.04 | 75 524 335
12.5 9.7 004 | 75 525 336

50




13.0 9.5 0.04 7.5 527 337
13.5 9.4 0.04 7.4 534 345
14.0 8.9 0.04 7.3 554 355
14.5 8.7 0.04 7.2 561 358
15.0 8.6 0.04 7.2 565 362
15.5 8.6 0.04 7.2 572 366
16.0 8.5 0.05 7.2 578 370
16.5 8.5 0.05 7.1 585 376

Table16. Crockery Lakehemicalwater quality parameter data collected at deep basitl
(September 3, 2024

Depth | TKN TIN NHs NGs- | NO- TSS Ortho- | Chtla
(m) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) P (hg/L)
(mg/L)
0 0.7 | <0.100| <0.010| <0.100 <10 <0.010| 0.0
8.5 1.7 1.1 1.1 |<0.100 <10 0.028
165 6.0 5.7 5.7 | <0.100 <10 0.083




Tablel7. Crockery Lak@hysicalwater quality parameter data collected
at deep basin £ (September 3, 2024

Depth | Water | DO pH | Conduc. TDS Secchi
(m) Temp | (mg/L) | (S.U.)| (mS/cm)| (mg/L) Depth
(°C) (ft)

0 24.0 8.2 9.0 410 262 4.3

0.5 24.0 8.0 9.0 410 262
1.0 24.0 7.8 9.0 410 262
15 24.0 7.8 9.0 410 262
2.0 24.0 7.8 9.0 410 262
2.5 24.0 7.8 9.0 410 262
3.0 24.0 7.8 9.0 410 262
3.5 23.9 7.8 9.0 410 263
4.0 23.9 7.5 8.5 413 264
4.5 23.7 7.1 8.4 419 268
5.0 23.3 5.0 8.0 423 271
5.5 22.9 3.5 7.9 425 272
6.0 21.1 1.7 7.8 435 278
6.5 18.9 0.7 7.6 463 294
7.0 16.9 0.5 7.5 494 315
7.5 16.9 0.2 7.6 490 313
8.0 14.5 0.1 7.6 504 323
8.5 13.0 0.1 7.5 508 326
9.0 12.3 0.1 7.5 513 328
9.5 115 | 004 | 7.5 517 330
109 | 0.04 | 75 520 333
106 | 004 | 7.5 522 334
104 | 004 | 7.5 524 335
10.2 | 004 | 7.5 528 338
100 | 0.04 | 7.4 535 342
9.8 0.04 | 7.3 545 349
9.6 0.04 | 7.2 562 358
9.5 004 | 7.2 572 366
9.4 004 | 7.1 580 372
9.4 004 | 7.1 596 383




Table 18. Crockery Lakehemicalwater quality parameter data collected at deepasin #2
(September 3, 2024

Depth | TKN | TIN | NHs | NG | NO- | TSS | TP | Ortho- | Chia
(m) | (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) | (mg/lL)| P | (ug/L)
(mg/L)
0 0.6 | <0.100| 0.010 | <010 <10 | 0.020 | <0.010
75 | 1.4 | 0.670 | 0.670 | <010 <10 | 0.028 | <0.010
52 | 49 | 49 | <010 <10 | 0.850 | 0.750




Tablel9. Descriptive statistics of all water quality parameterstime basirs
of CrockeryLakecollected onMay 29, 2024, July 22, 2024, and September 3, 2024.

Water QualityParameter
Measured

May 29 2024
Means + SD

July22, 2024
Means = SD

Sept 3, 2024
Meansz SD

Water temp (°C)

13.3+4.9

16.6+7.3

16.4+6.5

pH (S.U.)

7.9%05

8.0+0.7

7.940.7

Dissolved oxygen (mg/L)

3.0+3.8

3.3+4.7

2.943.6

Conductivity (mS/cm)

496+57

484+55

482462

Total dissolved solids (mg/L

317+36

310+35

309+40

Secchi transparency (ft.)

4.1+01

2.6:04

4.680.4

Chlorophylta (ug/L)

0.9+0.2

2.3+1.8

0.0+0.0

Total Kjeldahl nitrogen
(mg/L)

16+06

2.4+18

2.682.0

Total inorganic nitrogen
(mg/L)

1.4+09

1.6£17

2.1+25

Ammonia nitrogen (mg/L)

0.815+08

1.6:18

21425

Nitrate nitrogen (mg/L)

0410+02

0.200+0.0

0.10G6:0.0

Nitrite nitrogen (mg/L)

0.205+0.0

0.205+0.0

0.10G:0.0

Total phosphorus (mg/L)

0.137+0.1

0.239+0.3

0.3110.4

Ortho-phosphorus (mg/L)

0.0868+0.1

021403

0.149:0.3

Total suspended solids

(mg/L)

<10+0.0

<10+0.0

<1G+0.0




6.0 CROCKERY LAXBUATIC VEGETATION COMMUNITIES

Aquatic plants (macrophytes) are assential component in the littoral zones of most lakes

in that they serve as suitable habitat and food for macroinvertebrates, contribute oxygen to
the surrounding waters through photosynthesis, stabilize bottom sediments (if in the rooted
growth form), and contribute to the cycling of nutrients such as phosphorus and nitrogen
upon decay. In addition, decaying aquatic plants contribute organic matter to lake
sediments which further supports healthy growth of successive aquatic plant communities
that are recessary for a balanced aquatic ecosystem. An overabundance of aquatic
vegetation may cause organic matter to accumulate on the lake bottom faster than it can
break down. Aquatic plants generally consist of rooted submersedflfsaBng submersed,
floating-leaved, and emergent growth forms. The emergent growth form (i.e. Cattails,
Native Loosestrife) is critical for the diversity of insects onshore and for the health of nearby
wetlands. Submersed aquatic plants can be rooted in the lake sedimentifeils,
Pondweeds), or fredoating in the water column (i.e. Coontail). Nonetheless, there is
evidence that the diversity of submersed aquatic macrophytes can greatly influence the
diversity of macroinvertebrates associated with aquatic plants ofeiht structural
morphologies (Parsons and Matthews, 1995). Therefore, it is possible that declines in the
biodiversity and abundance of submersed aquatic plant species and associated
macroinvertebrates, could negatively impact the fisheries of inlakeda Alternatively, the
overabundance of aquatic vegetation can compromise recreational activities, aesthetics,
and property valuesCrockeryLakecurrentlyhas amoderatequantity ofsubmersed aquatic
vegetationfor the lake surfacarea,and it is recommended to maintain a minimum of 33%
cover for optimal lake health Overmanagement of the native aquatic vegetation is not
advisedas it will only encourage excess growth by algae since the latter competes with the
vegetation for vital water column nutrients.

ThePointIntercept Survey methods usedto assess the presence and percent cumulative
cover of submersed, floatinlgaved, and emergent aquatic vegetation within and around
the littoral zones ofinland lakes. With this survey methodampling locations are geo
referenced (via GPS waypoints) and assessed throughout the entire lake to determine the
specief aquatic macrophytes present and density of each macropiwiiehare recorded

onto adata sheet. Each separate plant species found in sasipling location with the use

of multiple rake toses and visual surveyiigrecorded along with an estimate of each plant
density. Each macrophyte species corresponds to an assigned nurhleee aredesignated
density codes for the aquatic vegetation surveys, where a = found (occupying < 2% of the
surface area of the lake), b = sparse (occupyh2@% of the surface area of the lake), ¢ =
common, (occupying 260% of the surface area of the lake), ashad dense (occupying >
60% of the surface area of the lake).




Thesurvey ofthe basirs of CrockerylLake consisted of0b sampling locations around the
littoral zone (Figure 7). Datawere placed in a table showing the relative abundance of each
aguatic plant species found and a resultant calculation showing the frequency of eath plan
and cumulative cover.

A wholelake scan of the aquatic vegetatitwovolumein CrockeryLakewas conductedn

May 29 2024 with a WAASnabled Lowrance HDSRIGPS with variable frequency
transducer. This datacluded3,487datasoundingpoints. Points wereghen uploaded into

a cloud software program to reveal maps that displayed depth contours, sediment hardness,
and aquatic vegetation biovolume (Figut®). Onthis map, the color blue refers to areas
that lack vegetation. The color greegfers to lowlying vegetation. The colors red/orange
refer to tall-growing vegetationThere are many areas around the littoral (shallow) zone of
the lake that contain lowgrowing plants like Chara or Coontail. In addition, amgrgent
canopies oflily padswill presentas red color on the map. For this reason, the scans are
conducted in conjunction with a whole lake GPS survey to account for individual species
identification of all aquatic plants in the lak€able20 shows the biovolume categories by
plant coverduring theMay 29 2024scan and surveyrhe majority of the biovolumed(.4%)

is in the lowgrowing category.
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Table20. CrockerylLakeaquatic vegetation biovolume by
category (relative coveon May 29, 2(024).

Biovolume Cover Category % Relative Cover of Botton
by Category
0-20% 91.4
20-40% 4.9
40-60% 2.0
60-80% 0.2
>80% 1.6

6.1.1 CrockeryLakeNative Aquatic Macrophytes

There are hundreds of native aquatic plant species in the waters of the United States. The
most diverse native genera include the Potamogetonaceae (Pondweeds) and the
Haloragaceae (Milfoils). Native aquatic plants may grow to nuisance levels in lakes wit
abundant nutrients (both water column and sediment) such as phosphorus, and in sites with
high water transparency. The diversity of native aquatic plants is essential for the balance
of aquatic ecosystems, because each plant harbors different macroabrate
communities and varies in fish habitat structure.

The basin o€rockeryLakecontained6 native submersed floating-leaved, and emergent
aguatic plant species, for a total o8 hative aquatic macrophyte species (Tablg. Photos
of all native aquatic plants are shown below in Figu@81. The majority of the emergent
macrophytes may be found along the shoreline of the lalotection of these native
emergents is very important for shoreline stabilization and wildlife habfia¢ majority of
the floatingleaved macrophyte species can be found near the shoraintkwetland areas
and serve as excellent habitat for macroinwdntatesand amphibians

The dominannativeaquatic plants in théasinof the lake includedhe rootless submersed
Coontail (70.% of thesampling sitesandthe floating-leavedWhite Waterlily (62.9% of the
sampling sites andSago Pondweedyhich is a thideaf pondweed51.4% of thesampling
siteg. The lake contained some favorable native speciepafdweeds,but they were
sparse.Thepondweeds grow tall in the water column and serve as excellent fish cover. In
dense guantitieshowever they can be a nuisance for swimming and boating and can be
controlled with selective herbicide managemeamtwith mechanical harvesting

Because both rooted and nenooted species (Coontail) were prevalent in the lake, the most
likely nutrient sources are equally the sediments and water column. This indicates a highly
productive lake ecosystem with high nutrients and phytoplankton as pusiyaneasured.




Table2l. CrockeryLakenative aquatic plants May 29 2024).

Aquatic Plant
Common Name

Aquatic Plant Latin
Name

A level

B level

# Sites Found
(% of total)

Muskgrass

Chara vulgaris

0

1.0

SagdoPondweed

Stuckenia pectinat

29

51.4

Wild Celery

Vallisneria americana

1.0

lllinoisPondweed

Potamogeton
illinoensis

1.0

Smallleaf Pondweed

Potamogetorpusillus

1.9

Coontall

Ceratophyllum
demersum

70.5

White Waterlily

Nymphaea odorata

62.9

Yellow Waterlily

Nuphar varegata

15.2

Cattails

Typhalatifolia

4.8

Swamp Loosestrife

Decodon verticillata

14.3

Bulrushes

Schoenoplectusp.

6.7

Iris

Iris sp.

5.7

Arrowhead

Arrow arum

6.7
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Figure23. Smaltleaf
Pondweed©RLS
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Figure25. White Waterlily
©RLS

Figure26. Yellow
Waterlily ©RLS

Figure27. CattailsORLS

Figure28. Swamp
LoosestrifeORLS

LS

Figure30. Iris©RLS
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6.1.2 CrockenylLakeExotic Aquatic Macrophytes

Exotic aquatic plants (macrophytes) are not native to a particular site, but are introduced by
some biotic (living) or abiotic (ndiving) vector. Such vectors include the transfer of aquatic
plant seeds and fragments by boats and trailers (especidtlg Ibke has public access sites),

waterfowl, or by wind dispersal. In addition, exotic species may be introduced into aquatic
systems through the release of aquarium or water garden plants into a water body. An
aguatic exotic species may have profouimgpacts on the aquatic ecosystem. Eurasian
Watermilfoil Myriophyllum spicatum Figure 32) is an exotic aquatic macrophyte first
R20dzYSyiSR Ay GKS | yAGSR {G4FrdSa Ay GKS
YR bSftazy wmdopyp0 &adza3Saidinketentdgdads, this spedes ha¥F 2 ¢
hybridized with native milfoil species to form hybrid speciéarasian Watermilfohas since
spread to thousands of inland lakes in various stétesugh the use of boats and trailers,
waterfowl, seed dispersal, and intentional introduction for fish habitat. Eurasian
Watermilfoil is a major threat to the ecological balance of an aquatic ecosystem through
causation of significant declines in favorable native vegetation within lakes (Madsen et
1991),in that it forms dense canopiesd may limit light from reaching native aquatic plant
species (Newroth 1985; Aikenat 1979 Figure 33 Additionally, Eurasian Watermilfodn

alter the macroinertebrate populations associated with particular native plants of certain
structural architecture (Newroth 1985fturasian Watermilfoil has been shown to hybridize
with other native strains of milfoil which resultssignificantissues with herbicide tolerance.




EurasianNatermilfoil was found to occupf.5acres of surface area @rockeryLakeduring
the May 29 2024 survey Eurasian Watermilfoigrowth in CrockeryLakeis capable of
producing dense surface canopi@sd may increase significantly if not managédgure34
shows the distribution of milfoithroughout the lake Table22 shows all ofthe various
invasives found and their relative abundancetfia lake.

Figure32. Hybrid Eurasian Watermilfoil plant with seed head and fragments
(ORLS).




Figure33. Hybrid Eurasian Watermilfoil Canopy on an inland lakeRLS).
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Curlyleaf Pondweed Rotamogeton crispysFigure35) is an exotic, submersed, rooted
aguatic plant that was introduced into the United States in 1807 but was abundant by the
St NI & Insdpasily Gistisguished from other native pondweeds by its wavy leaf margins.
It grows early in the spring and as a result may prevent other favorable native aquatic species
from germinating. The plant reproduces by the formation of fruiting structures called
turions. It does not reproduce by fragmentationiagasive watermilfoitloes; however, the
turions may be depsited in the lake sediment and germinate in following seasdhistly

leaf Pondweeds a pioneering aquatic plant species and specializes in colonizing disturbed
habitats. It is highly invasive in aquatic ecosystems with low biodiversity and unique
sediment characteristics Approximately 5.1 acresf Qurly-leaf pondweedwere present
during theMay 29 2024 surveyFigure 36)It is unlikely that this planwill be problematic

later in the summegiven itsnatural tendency to die back in msummer




Figure35. Curlyleaf Pondweed ©RLS).
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Table22. CrockerylLakeinvasiveaquatic plants(May 29 20249.

Aquatic Plant Aquatic Plant Latin Alevel | Blevel | Clevel| D level | # Sites Found
Common Name | Name (% of total)
Hybrid Eurasian | Myriophyllum spicatum 2 2 4 12.4

Watermilfoil var. sibiricum

Curlyleaf Potamogeton crispus 9 5 0 17.1
Pondweed




7.0 CROCKERY LAKBEOPLANKTON AND FOOD CHAIN BASE

The zooplankton and macroinvertebrates make up the food chain base in an aquatic
ecosystem and thus are integral components. Zooplankton are usomtioscopic,but

some can be seen with the unaided eye. Macroinvertebrates can be readily seen and are
also known as aquatic insects or bugs. The zooplankton migrate throughout the water
column of the lake according to daylight/evening cycles and are prime foochéotake
fishery. Macroinvertebrates can be found in a variety of locations including on aquati
vegetation, near the shoreline, and in the lake bottom sediments. The biodiversity and
relative abundance of both food chain groups are indicative of water quality status and
productivity.

A zooplankton tow using @ildca®pelagic plankton ne63 micrometerwith collection jar
(Figure37) was conducted by RLS scientists July 22, 2024 over the 2 deep basis of
CrockernyLake The plankton net was left at depth for 30 seconds and then raised slowly to
the surface at an approximate rate of 4 feet/second. The net was then raised above the lake
surface and water was splashed on the outside of the net to dislodge any zooplardton fr
the net into the jar. The jar was then drained into a 486 bottle with a CO2 tablet to
anesthetizethe zooplankton The sample was then preserved with a 70% ethyl alcohol
solution.

Plankton subsamples (in 1 ml aliquots) were analyzed und@es®dissection scope with
the use of a Bogorov counting chambéraxa were keyed tspecies when possible and are
shown in Tabl23below.A taxa presenis shown below in Figure8 The rotifers were the
most dominant taxa along with the cladocerBaphnia

Table23. Zooplankton taxa and count data fror@rockerylLake
(July22, 2@4).

Zooplankton Taxa DBL DB2
Cladocerans
Daphniaspp.
Bosminaspp.
Chydorusp.
Copepods/Cyclopods
Mesocyclops

Rotifers

Keratella

Kellicotia




Figure37. A zooplankton collection tow net® RL$.

Figure 8. Microscopic image ozooplanktonfrom CrockeryLake(©RLS).




8.0 CROCKERAKBEVMANAGEMENANDRESTORATIORETHODS

Lakerestorationmethods consist of strategies to reduce invasive aquatic plants, reduce the
transport of invasive species, reducuisance algae, improve water qualitgducenutrient
transport, andfacilitate proper immediate watershed management. The following sections
offer useful and effective methods for improving the overall conditiorCobckeryLake
Watershedimprovements are discussed in the second section of this report for immediate
watershed managemeniThe goals of #ake restorationplan such as thisire to increase
water quality,increasefavorable wildlife habitaind aquatic plant and animal biodiversity,
optimizerecreational use, and protect property values. Regardless afefterationgoals,

all decisions must be sigpecific and should consider the soeiconomic, scientific, and
environmental components of thplan.

8.1  CrockeryLakeAquatic Plant Management

The management of submersat/asive aquatic plants is necessargnmockeryakedue to
accelerated growth and distribution. Management options should be environmentally and
ecologicallysound and financially feasible. Options for control of aquatic plants are limited
yet are capable of achieving strong results when used properly. Implementation of more
growth of favorable native aquatic plants (especially the low growing native plamts)
CrockeryLaketo provide for a healthier lake is recommendétbugh this may require
significant increases in watelarityalong with reductiongn invasive plant coverAll aquatic
vegetationshould be managed with solutions that will yig¢he longestterm results.

8.1.1 Aquatic Invasive Species Prevention

An exotic species is a narative species that does not originate from a particular location.
When international commerce and travel became prevalent, many of these species were
transported to areas of the world where they did not originate. Due to teeiall size,
insects, plants, animals, and aquatic organisms may escape detection and be unknowingl
transferred to unintended habitats.

The first ingredient to successful prevention of unwanted transfers of exotic species to
CrockerylLakeis awareness and educatigfigures39 and 40). The majority of the exotic
species of concern have been listed in this report. Other exotic species on thecoulde

be introduced to the riparians aroun@rockeryLakethrough the use of a professionally
developed educational newslettelistributed to all lake residents




Public boat launches are a primary area of vector transport for all invasive species and thus
boat washing stations have becommre common.With over 13 million registered boaters

in the U.S. alone, the need for reducing transfer of aquatic invasive species (AIS) has neve
been greater. The Minnesota Sea Grant program identifies five major boat wash scenarios
which include: 1)Permanent washing stations at launch sites, 2) Portable dfve or
transient systems, 3) Commercial car washes, 4) Home wasaimty5) Mandatory vs.
volunteer washing. Boat washing stations promote the Clean Waters Clean Boats volunteer
education program by educating boaters to wash boating equipment (including trailers and
bait buckets) before entry into every lake. Criticldmeents of this education include: 1)

How to approach boaters, Z)emonstration of effective boat and trailer inspections and
cleaning techniques, 3Jhe recording of important information, 4ylentification of high
priority invasive species, and Saring findings with others.If a boat washing statiors
placedon CrockeryLake theresidentsshould worktogetherto educate the public and lake
dzZASNAR 2y LINBLISN) Of SFryAy3a (SOKyAldzs$Sa I yR
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demonstration of how to use the washing statioA typical boat washing station typically
costs around $0,000-$40,000(Figure41)

Additional educational information regarding these stations and education can be found on
the following websites:

1) USDAnhttps://www.invasivespeciesinfo.gov/udichigan

2) MichiganWildlife Federation Invasive animals, plants list, and native plants/animals
list: https://www.Michigarwildlife.org/wildlife

3) Stop Aquatic Hitchhikersiwww.protectyourwaters.net



http://www.protectyourwaters.net/

AQUATIC
HITCHHIKERS!

To avoid spreading aquatic invasive species
BEFORE launching ... BEFORE leaving:
« Remove aquatic plants and aquatic animals
- Drain lake or river water away from landing
- Dispose of unwanted live bait in the trash
It's the Law... Do not:
= Transport aquatic plants, zebra mussels, or other prohibited
species on public roads
‘» Launch a watercraft or place a trailer in the water if it has aquatic
plants, zebra mussels or other prohibited species attached

| « Transport water from infested waters

Gl Michigan Department of Natural Resources

Figure39. An aquatic invasive prevention sign for public access sites.
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Figure40. An aquatic invasive prevention sign fpublic access sites.




Figured4l. Apublic boat washing station for boatccess sites.

Zebra Mussels

ZebraMussels Dreissena polymorphdigure42) were first discovered in Lake St. Clair in
1988 and likely arrived in ballast water or on shipping vessels from Europe (McMahon 1996).
They are easily transferred to other lakes because they inherit a larval (nearly microscopic)
stage where they can ed&giavoid detection. The mussels then grow into the adult (shelled)
form and attach to substrates (i.e. boats, rafts, docks, pipes, aquatic plants, and lake bottom
sediments) with the use of byssal threads. The fecundity (reproductive rate) of féatake
Mussels is high, with as many as 40,000 eggs laid per reproductive cycle and up to 1,000,00¢
in a single spawning season (Mackie and Schlosser 1996). Although the mussels only live 2
3 years, they are capable of great harm to aquatic environments. licpkat, they have
shown selective grazing capabilities by feeding on the preferred zooplankton food source
(green algae) and expulsion of the npreferred blue green algae (cyanobacteria).
Additionally, they may decrease the abundance of beneficébdis in aquatic ecosystems
(Holland 1993). Such declines in favorable algae, can decrease zooplankton populations ang
ultimately the biomass of planktivorous fish populations. Zébussels are viewed by some

as beneficial to lakes due to their filtration capabilities and subsequent contributions to
increased water clarity. However, such water clarity may allow other photosynthetic aquatic
plants to grow to nuisance levels (Skubinriaak 1995). Some specimens were found in
CrockeryLakeby RLS scieists during the lake study.




The recommended prevention protocols for introduction of zebra mussels includes steam
washing all boats, boat trailers, jgkis, and floaters prior to placing them iffoockeryake
Fishing poles, lures, and other equipment used in other lakes (and especially the Great Lakes
should also be thoroughly steamashed before use iG@rockeryLake Additionally, all solid
construction materials (if recycled from other lakes) must also be stwashed. Boat
transom wells must always be steamashed and empéd prior to entry into the lake.

Excessive waterfowl should also be discouraged from the lake since they are a natural
transportation vector of the microscopic zebra mussel larvae or mature adults.

Zebra Mussels

Figured2. ZebraMussels (Phot@ourtesy of USGS).
8.1.2 AgquaticHerbicides andApplications

The use of aquatic chemical herbicides is regulated by Nhehigan Department of
Environment, Great Lakes, and Energy (E&tdEyequires a permit Aquatic herbicides are
generally applied via an airboat or skiff equipped with mixing tanks and drop hoses @agure
The permit contains a list of approved herbicides for a particular body of water, as well as
dosage rates, treatment areas, amghter use restrictions. Contact and systemic aquatic
herbicides are the two primary categories used in aguatic systems.




Figure43. A boat used to apply aquatic herbicides in inland lak@RLS).

Contact herbicides such dguat, flumioxazin, and hydrothol cause damage to leaf and stem
structures; whereas systemic herbicides are assimilated by the plant roots and are lethal to the
entire plant. Wherever possible, it is preferred to use a systemic herbicide for {asjag
aguatic plant controbf invasives InCrockeryLake the use of contact herbicides (such as
diquat and flumioxazinis not currently needed or recommended since invasive milfoil is the
only problematic aquatic plargndis best treated with targeted systemic herbicides.

Algaecides should only be used on green algal blooms since many treatments can exacerbatg
blue-green algae bloomsThe bluegreen algaeMicrocystissp. was the most prevalent algae

in the lake which is an indicator of poor water quality (Fig4i4). Microcystiscolonies are

a few micrometers in diameter and are evenly distributed throughout a gelatinous matrix.
Younger colonies are spherical and older ones are more irregularly shaped. There are
numerous gasvesicles,and the algae can thrive at the surface with minimal photo
degradation (breaking down) by the sun. When the sunlight is excessive, the algae can brea
down and release toxins and lower the dissolved oxygen in the water colureralae are

the only type known to fix nitrogen gas into ammonia for growithicrocystishas also been
shown to overwinter in lake sediments (Fallona&t 1981). In addition, it may thrive in a
mucilage layer with sediment bacteria that can release phosphorus under anaerobic
conditions (Brunberg, 1995). They assume a high volume in the water column (Reynolds,
1984) compared to diatoms and other singleled green algae.




