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Hydrology, Water Quallty and Phosphorus Loadlng of
Little St. Germain Lake, Vilas County, Wisconsin

Introduction 89°27°30" 89°22'30"

Little St. Germain Lake, whichisin
VilasCounty, Wisconsin, just northeast
of St. Germain (fig. 1), is one of 21
impoundments operated by Wisconsin
Valley Improvement Company (WVIC)
to provide storage for power and recre-
ational use. Thelevel of thelake, which
was originaly dammed in 1882, has
been maintained by the WVIC at about
5feet aboveitsnatural level since 1929,
anditisannually drawn down about 1.5
feet from December through March. In
theinterest of protecting and improving
the water quality of the lake, the Little B Forest
St. Germain Lake Improvement Asso- _ = \ I Wetland
ciation was established in 1959. Later, Sk | [ Cranberry bog
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Figure 1. Location of Little St. Germain Lake, watershed

ment alternatives (Wisconsin Depart- - . L
( N characteristics, and location of stream-sampling sites.

ment of Natural Resources, 1985). Re-
sultsof thestudy indicated that, because A J_,I\nlﬁ/
of relatively high phosphorus loading to the lake, most of the lake

was eutrophic (relatively productive), with the possible exception
of the West Bay. The results also indicated monitoring of the lake
should continue, and that actions should be taken to decrease
nutrient |oading to the lake by controlling erosion, fertilizer runoff,

and leakage from septic systems. Upper East Bay

The lake was monitored in detail again during 1991-94 by the No Fish Little St. Germain Lake

U.S. Geological Survey (USGS) aspart of acooperative study with Bay
the Lake District. This study demonstrated water-quality variation
among the basins of Little St. Germain Lake and extensive areas of

South Bay

winter anoxia (absence of oxygen). Further in-depth studies were 0 2000 4000 FEET
then conducted during 1994—2000 to define the extent of winter
anoxia, refine the hydrologic and phosphorus budgets of the lake,
quantify the effects of annual drawdowns, and provideinformation geco:g
outh Bay

needed to develop a comprehensive lake-management plan. This A’
report presents the results of the studies since 1991. B

Dam

The Lake and its Watershed EXPLANATION

) ) ) ] o ] 0— Depth, infeet Y Primary lake-sampling site
Little St. Germain Lake (fig. 1) isamultibasin lake with atotal

< Auxiliary lake-sampling site

surface area of 977 acres and volume of 11,500 acre-feet. In this 20

report, thelakeisdiscussedintermsof six basins(fig. 2): Upper East

Bay (119 acres, maximum depth—16 feet), East Bay (336 acres, 16 © Figure 2. Morphometry of Little St. Germain Lake, Wis.,
feet), NoFish Bay (69 acres, 10feet), West Bay (213 acres, 53 feet), 55 and locations of lake-sampling sites.
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South Bay (122 acres, 22 feet), and Second South Bay (119 acres,
10 feet). The mgjor tributary to the lake is Muskellunge Creek,
which flows about 3 miles from shallow, eutrophic Muskellunge
Lakeinto the north end of the East Bay. Outflow from thelakeisto
Little St. Germain Creek, which leavesthe south side of the Second
South Bay and flows about 1 mile before draining into the Wiscon-
sin River.

Thetotal watershed areaof LittleSt. Germain Lakeis10mi2 The
watershed is predominantly forest (68 percent), wetland (17 per-
cent), and water (8 percent), although areas of low-density residen-
tial development areincreasing (fig. 1). The soilsin the watershed
consist mainly of well-drained sand and sandy loams. These soils
are thought to be naturally high in phosphorus content (Wisconsin
Department of Natural Resources, 1985).

Data Collection—sites and techniques

Datausedto describethewater quality of thelakewere collected
from April 1991 to January 2000; however, no datawere collected
from September 1994 to July 1996 and September 1997 to February
1999. L ake water-quality properties were generally measured five
times per year (late winter, May, June, July, and August) at three
sites: the centers of the East, West, and South Bays (fig. 2). At all
sites, depth profiles of water temperature, dissolved oxygen, spe-
cific conductance, and pH were measured during each visit with a
multiparameter instrument. Water sampleswere collected at these
sitesat either or both near surface (1 foot below the surface during
openwater or just bel ow iceduring icecover) or near bottom (1 foot
above bottom). Near-surface water samples were analyzed for
concentrations of total phosphorus (an indicator of nutrient avail-
ability) and chlorophyll a (an indicator of the algal population).
During ice-free periods, Secchi depths (an indicator of water
clarity) also were measured. All water samples were analyzed by
the Wisconsin State L aboratory of Hygiene.

Additional depth-profile measurementsof temperatureand oxy-
gen were made at seven locations (the main sampling sites, the
center of each of theother bays, andthewesternend of the East Bay;
fig. 2) throughout the winter of 1996-97 to assess the extent and
timing of anoxia. Profilesal sowere collected between thesesitesin
March 1997 and 1999 to describe the spatia extent of anoxia
(transects A-B and A'-B ; fig. 2).

Data collected during this study were published in two annual
USGS data report series, the most recent of each being “Water
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Figure 3. Schematic of the hydrologic budget of Little St. Germain Lake,
Wis. Abbreviations are defined in the text.

Resources Data, Wisconsin—Water Year 1999” (Holmstrom and
others, 2000) and “ Water Quality and L ake-Stage Datafor Wiscon-
sin Lakes, Water Year 1999" (U.S. Geological Survey, Wisconsin
District Lake-Studies Team, 2000). Water levels at the dam on
Little St. Germain Creek were monitored almost daily from 1991—
99 by the WVIC (U.S. Geological Survey, Wisconsin District
Lake-Studies Team, 2000).

Inflow to thelakewas determined from measurementsand water
samples collected monthly in Muskellunge Creek at Birchwood
Drive(fig. 1) during October 1996—-September 1997 and December
1998-January 2000. During 1996-97, water samples were ana
lyzed for total phosphorus concentration. During 1998-99, water
temperature and dissolved oxygen also were measured, and the
samples also were analyzed for dissolved phosphorus.

Surface-water outflow from thelake was estimated from water-
elevation measurements made at the dam by WVIC. To better
describe the outflow, additional flow measurements and water
samples were collected monthly just bel ow the dam from Decem-
ber 1998 through November 1999. Water samples were analyzed
for total phosphorus. Measured flow at the dam indicated that |ow
flowswereunderestimated and theref orethoseflowswereadjusted
accordingly.

Hydrology

The hydrology of Little St. Germain Lake can be described in
terms of components of itswater budget (fig. 3). Thewater budget
for the lake may be represented by

AS=(PPT+SW, _+GW, )-(Evap+SW_, +GW_), (1)

where AS is the change in the volume of water stored in the lake
during the period of interest and isequal to the sum of the volumes
of water entering the lake minus the sum of the volumes of water
leaving the lake. Water enters the lake as precipitation (PPT),
surface-water inflow (SW, ), and ground-water inflow (GW, ).
Water |eaves the lake through evaporation (Evap), surface-water
outflow (SW,,,), and ground-water outflow (GW ).

Each term in the water budget was computed for two different
year-long periods. October 1996-September 1997 (1997) and
December 1998—-November 1999 (1999). Changesin lake volume
were determined fromwater elevationsmonitored at the outlet dam
(fig. 2) and the morphometry of the lake. Precipitation was mea-
sured by aweather observer in St. Germain. Surface-water inflow
wasestimated to equal theflow in M uskellungeCreek at Birchwood
Drive. Flows were expected to change rather slowly and therefore
daily inflows were estimated by linearly interpolating between
monthly measurements. Evaporation from the |ake was estimated
on the basis of average monthly evaporation-pan data collected at
Rainbow Flowage (about 10 miles southwest of thelake). Surface-
water outflow consisted of flow past thedamintoLittle St. Germain
Creek. Ground water seeps into and out of the bottom of Little St.
Germain Lake. Themonthly net ground-water flow (GW, -GW, )
was computed astheresidual in the budget equation (eg. 1). These
datadid not allow ground-water inflow and ouflow to be computed
independently; therefore, to estimate these components, ground-
water inflow was assumed to be 50 percent more than net ground-
water flow and ground-water outflow wasassumed to be 50 percent
less than net ground-water flow.
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Figure 4. Monthly precipitation, inflow, outflow, and water elevation,
Little St. Germain Lake, Wis.

Total monthly precipitation at St. Germain, monthly average
surface-water inflow to and outflow from the lake, and water level
of the lake are shown in figure 4. Total precipitation during 1997
(34.8 inches) was 4.4 inches less than in 1999 (39.2 inches). The
average flow into the lake through Muskellunge Creek was 10.6
ft¥s (cubic feet per second) in 1997 and 6.0 ft¥/s in 1999. The
average flow out of the lakewas 17.3 ft¥/sin 1997 and 10.6 ft¥/sin
1999. Inflow to the lake throughout 1997 was about 1.7 times that
throughout 1999, even though there was |ess precipitationin 1997.
Thisdemonstratesthat the flow in Muskellunge Creek isdriven by
long-term changes in precipitation rather than short-term fluctua-
tions. Outflow from the lake in 1997 also was about 1.7 times that
in 1999. In both years, outflow from the lake was about 1.7 times
greater than that which came in from Muskellunge Creek. Evapo-
ration from the lake was estimated to be 22.4 inchesin both years.

L ake stage fluctuated from aminimum of 12.05 feet (relative to
an arbitrary datum) to a maximum of 13.95 feet (fig. 4). The lake
stage was relatively stable from May through mid November,
lowered about 1.5 feet between mid November and early February,
and remained relatively stable until mid March before againfilling
toitssummer level. Thelake stage at theend of 1997 wassimilar to

that at the beginning of the period; however, the lake stage was
about 0.65foot higher at theend of 1999 than at the beginning of that
study year.

After converting al of the hydrol ogic componentsin the budget
equation (eg. 1) into acre-feet, there was a net ground-water input
to Little St. Germain Lake of about 3,900 acre-feet in 1997 and
2,400 acre-feet in 1999 (fig. 5). After assuming the total ground-
water input was 50 percent more than net ground-water flow (an
assumption that needs further evaluation), the total ground-water
input was estimated to be 5,800 acre-feet in 1997 and 3,500 acre-
feet in 1999. Ground-water studies conducted by the WDNR
indicatethat mogt, if not al, of theground water isexpected to enter
into the East Bay (Wisconsin Department of Natural Resources,
1985).

The complete hydrologic budget (fig. 5) indicated that the major
source of water to the lake is from surface-water inflow from
Muskellunge Creek; however, during yearsfollowing extended dry
periods (such as prior to 1999), direct precipitation and ground
water can be nearly asimportant. The major loss of water from the
lake is through the outlet.

Phosphorus Budget

Previous studies indicated that most of Little St. Germain Lake
was eutrophic because of relatively high phosphorusloading to the
lake (Wisconsin Department of Natural Resources, 1985). There-
fore, to help define where the phosphorus originated, a detailed
phosphorus budget was computed. Sources of phosphorus to the
lake include precipitation, theinflowing stream, ground water, and
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Figure 5. Hydrologic and phosphorus budgets of Little St. Germain Lake,
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Figure 6. Phosphorus concentrations and loads in the inflow and outflow
from Little St. Germain Lake, Wis., and phosphorus loads to the lake from
Muskellunge Creek.

contributions from septic systems. Phosphorus concentration in
precipitation wasassumed to be 0.007 mg/L , avaluefound by Rose
(1993) for northern Wisconsin. Therefore, direct precipitation
contributes about 55 Ibs of phosphorus per year to thelake (fig. 5).

Phosphorusconcentrationsin M uskellunge Creek inflow ranged
fromabout 0.04 mg/L inwinter toabout 0.12mg/L inJuly 1997 and
about 0.09 mg/L in May 1999 (fig. 6). In 1999, about 30 percent of
the phosphoruswasin dissolved forms; however, the percentagein
dissolved formswas not measured in 1997. Phosphorus concentra-
tionswere much higher in 1997 than in 1999, especially in mid to
late summer. The high concentrationsin 1997 may have been due
to effects of beaver activity on Muskellunge Creek downstream
from Muskellunge L ake. It isthought that ponding of water behind
beaver dams resulted in a high release of phosphorus from the
organic-rich wetland sediments that are not otherwise inundated
with water. With this increased release of phosphorus from the
sediments, ahigher percentage of phosphoruswould probably bein
dissolved forms than was measured in 1999. Phosphorus concen-
trations in Muskellunge Creek, in both years, were high consider-
ing most of the watershed of Little St. Germain Lake isrelatively
pristine. The high concentrations are thought to be the result of
leaching from the soils that are rich in phosphorus (Wisconsin
Department of Natural Resources, 1985). Daily phosphorus con-
centrationswereestimated by linearly i nterpol ating between monthly
measurements. Theamount of phosphorusdeliveredtothelakewas
then computed by multiplying thedaily phosphorus concentrations
by the daily runoff volumes. The total input of phosphorus from
stream inflow was estimated to be 1,500 and 700 pounds in 1997
and 1999, respectively (fig. 5). The difference between years was
primarily dueto the reduced flowsin 1999, but decreased concen-
trations also contributed to the decreased loads in 1999.

Phosphorus concentrationsin ground water were not measured
aspart of thisstudy, and thosemeasured aspart of other studieswere
quite variable. Therefore, a phosphorus concentration for ground
water was estimated by use of equation 2:

[TP] ow — (QBW* [TP] BW QMLO* [TP]MLO) : (2)
(QBW - QMLO)

This equation is based on two assumptions: (1) during winter,
biological and chemical processeshaveminimal effect onthewater
quality of Muskellunge Creek, and so changesin the concentration
of phosphorusin Muskellunge Creek asit flowsfrom Muskellunge
Lake outlet (MLO) to Birchwood Drive (BW) are caused only by
the addition of ground water, and (2) ground water entering Little
St. Germain Lake has the same concentration as that entering
Muskellunge Creek. Therefore, an estimate of the phosphorus
concentration in ground water ([TP],) can be obtained by the
changeinthephosphorusload (Q*[TP]) fromMLO to BW divided
by the increase in the flow of the creek (Q,, — Q,, o). Average
phosphorus concentrations (from December 1999 and January
2000) increased from 0.035 mg/L at Muskellunge Lake Outlet to
0.045 mg/L at Birchwood Drive, while average streamflow in-
creased by 2.1 ft¥s. Therefore, an average phosphorus concentra-
tion of 0.053 mg/L was obtained for ground water after applying
thesevaluesto equation 2 and resulted in an estimated total input of
phosphorus from ground water of 835 and 512 poundsin 1997 and
1999, respectively (fig. 5). Most phosphorus contributed by ground
water is expected to enter into the East Bay of the lake.

Theinput of phosphorusfrom septic systems (M) was estimated
by use of equation 3 (Reckhow and others, 1980):

M =E_,* (Number of CapitaYears) * (1-S,), 3

where M is a function of an export coefficient, E,, and a soil
retentioncoefficient, S.. Inapplying equation 3, it wasassumed that
themost likely valuefor E was 1.8 poundsof phosphorusper capita
per year. The number of capitayearswas estimated to be 165 (only
residents on the East and Upper East Bays were included: 90 full-
year residents, 270 three-month residents, and 90 one-month resi-
dents), and the most likely value of S, was 0.85. Only residentson
these bays were included because past studiesindicated that most
of theground water entered thel akethrough theseareas (Wisconsin
Department of Natural Resources, 1985). The total input from
septic tanks was then computed to be 44 pounds per year. By
applying low and high estimates for E_ (1.1 and 2.2 pounds of
phosphorus per capitaper year) and S, (0.9 and 0.5), low and high
estimates of phosphorus from septic systems were 18 and 182
pounds, respectively.

Phosphorus concentrations leaving the lake ranged from about
0.02t00.05mg/L (fig. 6). Concentrationsin 1997 were higher than
in 1999, especialy from March through June. The higher concen-
trations reflect higher phosphorus concentrations in the lake in
1997 than in 1999. Daily phosphorus concentrations were esti-
mated by linearly interpolating between monthly measurements,
and the amount of phosphorus removed from the lake was then
computed by multiplying the daily phosphorus concentrations by
the daily outflows. The total amount of phosphorus in stream
outflow was estimated to be 1,370 and 440 pounds in 1997 and



1999, respectively (fig. 5). The greater load in 1997 was due to a
combination of higher concentrations and flows in 1997 than in
1999.

Thephosphorusbudget (fig. 5) indicatesthat inflow fromMuskel -
lunge Creek wasthe major source of phosphorustothelake (5361
percent) and ground water was the secondary source (35-39 per-
cent). Theconcentrationsand volumesof ground water entering the
lake, however, arebased on several untested assumptions. Approxi-
mately 57 and 33 percent (1997 and 1999, respectively) of thetotal
phosphorus input to the lake (2,410-1,310 pounds in 1997 and
1999, respectively) wasexported through the outlet. Theremaining
430 67 percent of the phosphorusinput (1,400 and 870 poundsin
1997 and 1999, respectively) was deposited in the bed sediment of
the lake or discharged with ground-water outflow.

Lake-Water Quality

Water quality in Little St. Germain Lake varied consistently
among basins, except for a few water-quality characteristics that
were similar throughout the lake but varied seasonally: specific
conductance, which ranged from about 75 microsiemens per centi-
meter (us/cm) in summer to about 90 ps/cm in winter; and pH,
which ranged from about 7 in winter to about 8 in summer.
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Figure 7. Average summer Secchi depth, and surface concentrations of
phosphorus and chlorophyll ain the three main basins of Little St.
Germain Lake, Wis., by year.

Water Clarity

Water clarity, the distribution of temperature and dissolved
oxygen, and the concentrations of nutrients, were all consistently
different amongbasins. Thedifferencesindicatedthat theWest Bay
generally hadthebest water quality and theEast Bay had thepoorest
quality. Water clarity, based on Secchi depth readings, ranged from
7-15 feet in the West Bay (average summer clarities of 9-13 feet)
to 4-14 feet in the South Bay (average summer clarities of 7-10
feet) to 2-8 feet in the East Bay (average summer clarities of 3-6
feet) (fig. 7). Clarity wasusually thebest inlate summer inthe West
Bay; however, it was usually best in early summer inthe East Bay.

Water Temperature and Dissolved Oxygen

Thermal stratification also differed among basins because of
differencesintheir morphometriesand limited circul ation between
basins. TheWest Bay, beingrelatively deep and having arelatively
short length, became strongly stratified during summer, with bot-
tom temperatures remaining around 8-9°C. The South Bay, being
moderately deep, became only weakly stratified during summer,
and dtratification was frequently broken down by wind mixing.
Bottomtemperaturesinthe South Bay gradually increased through-
out the summer. Thermal stratification throughout the rest of the
lake was very weak, with seldom more than 2 or 3°C of stratifica-
tion. Duringthewinter, weak thermal stratificationwasal so present
throughout the lake.

Thermal stratification during summer, primarily in the West
Bay, isolated the deepest water from surface interactions. Thus, as
summer progressed, dissolved oxygen concentrations in water
below the thermocline decreased as a conseguence of decomposi-
tion of dead algaethat settled from the surface and the biochemical
oxygen demand of the sediment. Water bel ow about 30 feet in the
West Bay usually became anoxic in late June and stayed anoxic
throughout summer. In the South Bay, the weak stratification
resulted in only the deepest water becoming nearly, but almost
never completely, anoxic.

Before freezing, most of the lake was nearly saturated with
oxygen; however, after the lake froze and winter progressed,
oxygen was quickly consumed, especially in the shallower basins.
Although oxygen is consumed slowly during periods of low tem-
peratures, extensive oxygen depletion occurred in every basin of
the lake. Oxygen depletion was much more severe during winter
than during summer because of thelack of oxygentransfer through
the surface, asaresult of ice cover. Changesin oxygen concentra-
tions for the East and Upper East Bays of the lake are shown in
figure 8. Other than the shallowest areas of the West and East Bays,
the remaining parts of the lake can become almost completely
depleted of oxygen by mid-February. To demonstrate the spatial
extent of oxygen depletion, transects of temperature and oxygen
profileswere collected fromtheinlet to the outlet (A-B; fig. 2) and
from the West Bay to the outlet (A'-B; fig. 2) in March 1997 and
March 1999 (fig. 9). Detailed transects were collected in March
becausethiswas near to when oxygen depletion wasexpected to be
most severe. Asfigure 9 shows, anoxia occurred throughout each
of the basins; and by mid-March only small areas of thelakewould
be habitable by most fish (areas with dissol ved oxygen concentra-
tions greater than about 2 mg/L). These habitable areas include
water down to about 30 feet in the West Bay and down to about 5
feet in the East Bay.
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Figure 8. Oxygen distributions in the Upper East and East Bays of Little St. Germain Lake,

Wis., during winter 1996-97.

Water entering from Muskellunge Creek can alleviate the extent
of winter anoxia in the East Bay. Although dissolved oxygen
concentrationsinMuskellunge Creek may below inmidwinter (less
than 6 mg/L in February 1999 and possibly much lower in other
years), concentrations can be high later in winter (greater than 10
mg/L in March 1999). Dissolved oxygen concentrations in the
middle of the East Bay werelower in February 1997 than they were
later in March 1997 (fig. 8). Thisincrease appearsto be associated
with cold, highly oxygenated water originating from Muskellunge
Creek propagating across the basin (fig. 9). Dissolved oxygen
concentrationsin the Upper East Bay, which are not influenced by
Muskellunge Creek inflow, did not increase from February to
March. A detailed analysisof theflow inthelake demonstrated that
theupper 3feet of water (just below theice) throughout the East Bay
could be replaced by water from Muskellunge Creek in about 30

days.

Phosphorus Concentration

Phosphorus is one of the essentia nutrients for plant and algal
growthandisoftenthenutrient that limitsthisgrowthin midwestern
lakes. High concentrations of phosphorus can cause high aga
popul ations(blooms) and cantheref orebeamaj or causeof eutrophi-
cation (that is, accelerated aging and increased productivity) of
lakes. Phosphorus concentrations were consistently highest in the
East Bay (average summer concentrations of 0.031-0.061 mg/L),
moderate in the South Bay (0.018-0.038 mg/L), and lowest in the
West Bay (0.009-0.026 mg/L). These differences among basins
appear to be directly related to the input of nutrients from both
Muskellunge Creek and ground water and to differences in basin
morphometry.

Phosphorus can be released from lake sediments, especially
during periods of anoxia. Increased phosphorus concentrationsjust
above the sediments were observed primarily in the West Bay

DEPTH, IN FEET

during late summer, when the deep water
was anoxic. Phosphorus concentrations
reached 0.2-0.3 mg/L in late summer in
the West Bay, but only 0.08-0.09 mg/L
just abovethe sedimentsinthe South Bay.
The extensive anoxic area during winter,
especialy during 1997, resulted in phos-
phorus concentrations reaching 0.17
mg/L in the West Bay, but only 0.08
mg/L in the South Bay and 0.10 mg/L in
the East Bay.

Chlorophyll a Concentration

Chlorophyll a is aphotosynthetic pig-
ment foundina gaeand other greenplants.
Itsconcentration, therefore, iscommonly
used as a measure of the density of the
algal population of alake. Concentrations
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greater thatn 15 pg/L areconsideredto be
very high and usually associated with
algal blooms. Differences in chlorophyll
a concentrations among basins directly
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coincided with the differences in the phosphorus concentrations
among basins. Concentrations were highest in the East Bay (aver-
age summer concentrations ranged from 20-48 pg/L), moderatein
the South Bay (7-11 pg/L) and lowest in the West Bay (24 pg/L)
(fig. 7). Concentrationswere commonly greater than 15 ug/L inthe
East Bay and occasionally above 15 pg/L in the South Bay, but
never observed above 15 pug/L in the West Bay.

Trophic State Indices

Onemethod of classifying water quality or productivity of lakes
is by computing water-quality indices (Trophic State Indices, or
TSI's). Theseindices, based on near-surface concentrationsof total
phosphorus and chlorophyll a and on Secchi depths, were devel-
oped by Carlson (1977) and modified for Wisconsinlakesby Lillie
and others (1993). Oligotrophic lakes (TSI’ slessthan 40) typically
have a limited supply of nutrients and are typically clear, algal
populations and phosphorus concentrations are low, and the deep-
est water is likely to contain oxygen throughout the year. Me-
sotrophic lakes (TSI’ s between 40 and 50) typically have amoder-
ate supply of nutrients, are prone to moderate algal blooms, and
haveoccasional oxygen depl etionsat depth. Eutrophiclakes(TSI's
greater than 50) are nutrient rich with correspondingly severe
water-quality problems, such as frequent seasonal algal blooms,
oxygendepletioninlower partsof thelakes, and poor clarity. Lakes
with TSI's greater than 60 are considered hypereutrophic and
usualy have extensive algal blooms throughout summer. These
three indices are related to each other in complex ways that differ
seasonally and among lakes. All three of theindicesindicated that
the East Bay was eutrophic and often hypereutrophic during sum-
mer (average summer TSI based on surface phosphorus was 58,
based on surface chlorophyll a was 60, and based on Secchi depth
was 58). All three of the indices indicated that the South Bay was
mesotrophic to eutrophic (average summer TSI based on surface
phosphorus was 53, based on surface chlorophyll a was 51, and
based on Secchi depth was 48). All three of the indices indicated
that the West Bay was mesotrophic (average summer TS| based on
surface phosphoruswas 47, based on surface chlorophyll awas43,
and based on Secchi depth was 42).

Effects of Winter Drawdown

Asmentioned previously, the WV IC controlsthe water level of
the lake in accordance with their Federal Energy and Regulatory
Commission license. Each winter thelakeisdrawn down about 1.5
feet. The drawdown isbegunin November and completed in early
February (fig. 4). In 1997, outflows from the lake were highest
during November through February. Refilling then beginsin early
March and typically by May the water level is back to its normal
summer elevation. Outflow from the lake in 1997 was lowest
during March and April.

Effects on Nutrient Loading

Total phosphorus concentrations in the outflow generally in-
creasefrom November through April (fig. 6). The average concen-
trationincreased 0.015 mg/L from November—February toMarch—
April in 1997; however, there was no increasein 1999. Therefore,
increased early-winter water removal associated with the draw-
down may decreasetheamount of nutrientsthat would beremoved
fromthelake. If it isassumed that the drawdown resulted in 1,500
acre-feet of water (a 1.5-foot drawdown) being released in early
winter instead of late winter, thiswould equate to about 65 pounds
of phosphorus being retained in the lake in 1997 and no changein
1999. Thisamount represents about 0—3 percent of the total input
of phosphorus. Therefore, the drawdown hasonly asmall effect on
the phosphorus budget for the lake as awhole.

Winter drawdown may, however, increasethe phosphorus|oad-
ing to the West Bay. During the drawdown period, water with a
relatively low concentration of phosphorus flows from West Bay
into No Fish Bay, whereas during refilling, water with arelatively
high concentration of phosphorus flows from No Fish Bay into
West Bay. To determine the effects of this process, the average
drawdown for the 1991-99 period was examined.

During1991-99, averagedrawdownwas1.57 feet, averagetime
to achieve drawdown was 106 days, average precipitation during
drawdown was 0.42 foot, and evaporation was considered to be
negligible. Therefore, there was anet rel ease of 1.99 feet of water
from West Bay. If the average concentration of phosphorusin the
water was 0.014 mg/L (the average near-surface concentration
measured in the West Bay), there would be a net removal of 14.6
pounds of phosphorus from West Bay. During 1991-99, the
averagetimeto achieve refilling of the lake was 81 days, average
precipitation during refilling was 0.46 foot, and average evapora-
tionwasestimated to be0.18foot. Therefore, therewasanet inflow
of 1.29 feet of water to West Bay. If the average concentration of
phosphorus was 0.045 mg/L (the average near-surface concentra-
tionmeasuredintheEast Bay), therewould beanetincreaseof 31.2
pounds of phosphorus to West Bay. Hence the net effect, on
average, of the drawdown and refilling of the lake is al6.6-pound
increase in phosphorus loading to West Bay. This amount is
slightly more than that contributed by precipitation for the year
(12.2 pounds). Therefore, although thedrawdown contributesonly
asmall amount of phosphorus to the West Bay, it may be amajor
source given the few other sources to this basin.

Effects on Dissolved Oxygen

Thedrawdown may al so affect dissolved oxygen concentrations
in the lake because oxygen concentrations decrease dramatically



from November through April (fig. 8); therefore, more oxygen
would beremovedif morewater wastaken out earlier inthewinter.
The average concentration of dissolved oxygen in the South Bay
decreased 7.2 mg/L from November—February (8.8 mg/L) to
March-April (1.7mg/L)in1997.If itisassumedthat thedrawdown
resulted in 1,500 acre-feet of water being released in early winter
instead of late winter, thiswould equate to about 30,000 pounds of
oxygen being released. Thisamount represents about 8 percent of
the total dissolved oxygen in the entire lake when it freezes, or
about 18 percent of the dissolved oxygen in East, No Fish, and
South Bays combined, or about 44 percent of thedissolved oxygen
in just the South Bays when the lake freezes. The smaller the
amount of oxygen available for consumption by biochemical
reactions, the sooner the concentrations will decrease below criti-
cal levels. Therefore, the drawdown can significantly decreasethe
length of time certain areas of the lake are habitable by fish.

Effects of Phosphorus Reductions

Thetotal phosphorusinput to thelakewasestimated tobe 2,410
and 1,310 pounds in 1997 and 1999, respectively. Most of this
phosphorus is input into the East Bay and results in the water
quality inthisbasin being significantly poorer thanin other partsof
the lake. One way to determine how much phosphorus loading
would need to bereduced toimprovethewater quality of thisbasin
is through the use of empirical models. These models relate
phosphorus loading to measures describing lake-water quality
(such as phosphorus and chlorophyll a concentrations and Secchi
depth).

Several empirical modelswithintheWisconsinLakesModeling
Suite (WiLMS; J. Panuska, Wisconsin Department of Natural
Resources, written commun., 1999) relate hydrologic and phos-
phorus loading to in-lake phosphorus concentrations. Six of these
modelswere applicabletothe East Bay of Little St. Germain Lake.
Therefore, the recent hydrologic and phosphorus loading to the
lake (1997 and 1999) and various phosphorus-reduction scenarios
wereinput into thesemodel sto predict phosphorus concentrations.
Theaverage phosphorus concentration predicted by themodelsfor
1997 and 1999 was 0.051 mg/L, which is comparable to the
measured lake concentration of about 0.046 mg/L. The models
were then applied to various phosphorus-reduction scenarios: 50,
75, and 100 percent reduction in tributary loading, with all other
sources maintained at their present levels. The models predicted
that these reductionsin tributary loading would cause the average
phosphorus concentration in the East Bay to decrease by 0.012,
0.019, and 0.021 mg/L, respectively. Ancther empirical model,
developed by Lillie and others (1993) and contained in WiLMS,
relatesin-lakephosphorusconcentrationto average summer Secchi

Information

depth. Thismodel predicted that reductionsin phosphorus concen-
trations of 0.012, 0.019, and 0.021 mg/L would be expected to
increasethe average summer Secchi depth by 0.7, 1.0, and 2.0 feet,
respectively. Therefore, a total elimination of the phosphorus
loading from Muskellunge Creek is predicted to increase the
summer Secchi depth from 3.8 feet to about 5.8 feet. In addition to
improving water clarity, thereductionintotal phosphoruswouldbe
expected to decrease the frequency of blue-green algal blooms.

Because of the significant contributions of phosphorus to the
lake estimated from ground water, even with tributary loading
eliminated, the predicted phosphorus concentrations and Secchi
depths still resulted in the East Bay being classified as aeutrophic
system. Asmentioned previously, however, estimates of ground-
water inflow are considerably uncertain, and further studieswould
be needed to better quantify theimportance of ground water to the
lake.
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