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The following Big Star Bake report is a summary of
key lake Sndings collected in 2016.

The overall condirion of Big Star Lake is ranked in the top 15% of developed
lakes of similar size ia the state of Mchigan. The water clarity in the
summer of 2016 was between 10.5-20 feet. Some of this clarit}' is due to
filtration of the water by Zebra Mussels; however, the majority of the clarity is

due to coarse bottom sediment that does not create siity, turbid conditioas when high
wave or boat activity' agitates the lake water. Additionally, the lake has enough
nutrients (phosphorus and riiti:ogen) to support some algae and submersed aquatic
plant grovTth, but the nutrient levels are considered moderate. Invasive species such as
Eurasian Waterrnilfeil pse abie to grow in moderate nutrient waters and thus are a
challenge to the Big Star Lake ecosystem. However, management of the plant has
been a large success m'-er the past several years with a total of 12 acres requiting
herbicide trea'imem in 2016. Protection of the 21 native aquatic plant species is
paramount for the heal'dt of the lake fishery and these plants should not be
managed uaiess they -are a nuisance to iakefront property owners and possess
navigadoaai and recreafional hazards (i.e. lily pads).

The lake did noi expencncc & high depletion of dissolved oxygen with depth during
mid-suiTirner vvhich is rairc for a krge inland lake that stratifies. In June, 2016 dissolved
oxygen was high and averaged f-19 rng/L and the water temperature varied by 2°C.
Conductivity contLaues to be low which is favorable but was higher in 2016 due to
increased water ternperattires. Total phosphorus remained similar to previous years as
well and was moderate. The total nitrogen in considered moderate as well. In late
August of 201.5, Bemi.e Woltier coliected 28 E. cok bacteria samples and one came
back po.sitive. ITaese results indicate that E. cok bacteria is not a problem on Big Star
Lake at oresent.
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"id You Know? Big
car Lake has a

iaxininm depth of

Water ©.isailty Panamsteirs iSteasured
There are laundreds of water quaiiiy parameters one can measure on an inland lake but
several are the most cndcal indicators ot lake health.. These parameters include water

temperature (measured ;n dissolYed oxygen (measured in mg/I.), pH (measured in
standard umts-SL), coriducdvitv fmeasured in micro-Siemens per centimeter-aS/cm),
total alitaliiiity or hartdncss (measured Ln mg of calcium carbonate per liter-mg
CaCOs/L), total dissolved solids (rng/L), secchi transparency (feet), total phosphoms
and total nitrate i.uirogen (bc-dr in ug/L), clilorophyll-i? (in |ug/L), and algal species
composition. Graphs tirat snow trends tor each parameter of each year are displayed
below. Water quality was measured in the deep basins of Big Star Lake in late spring
early sunimer of 2016. I'rend data was calculated using mean values for each
partumeter tor caclt se.ason over die sampling location. Table 1 below demonstrates
how lakes are classified based on key parameters. Big Star Lake would be
considered mesotrophic (celadveiv productive) since it does contain ample
phosphonts, nitrogen., and aquatic vegetation growth but has good water clarity
and moderate aiga! ;|ro\-mh. General water quality classification criteria are

.  defined in Table i. 2(116 water quality data for Big Star Lake is shown below in
Tables 2-3.

Table 1. Lake trophic classificauon 'MDNR).

Lake Trophic
Status

Oiigo trophic

Fhosphoras

< 10.0

Chiomphyll-a

(Pg^'')

Secchi

Transparency
(feet)

> 15.0

Mesotrophic IQ.O - 20.0 2.2-6.0 7.5-15.0

Euteopiiic

ii?'0'-?-T?r5rr7" ■: :Vv hr ■wVI



lable 2. Big Star Lake water quality parameter data coilectecl over the deep basin on June 11, 2016.

Depth Water DO pH Cond. Turb. ORF Total Total Total

R. Temp mg D' S.U. pS cnf' NTU mV Dissolved Alk. Phos.

°C Solids MgL-' mgD^
mgL'' CaCOs

0 22.5 9.0 8.0 300 1.6 106.3 89 57 0.010

12.5 22.3 8.9 7.8 302 1.9 111.5 85 58 0.020

25 20.1 8.9 7.7 298 1.7 104.9 84 57 0.040

Table 3. Big Star Lake water qualiry parameter data collected over the deep basin on June 11, 2016.

Depth Water DO pH Cond. Turb. ORP Total Total Total

A Temp mg S.U. pScm' NTU mV Dissolved Alk. Phos.

"C L' Solids mgL' mgL'
mgU' CaCOs

0 22.7 8.9 8.0 289 1.6 129.5 79 57 0.010

12.5 21.0 8.1 8.0 300 1.9 115.7 82 56 0.020

25 20.9 6.7 7,9 299 1.7 79.4 80 57 0.050

WmtBT ClacT^ f S)aSa

Elevated Secchi transparency readings allow for more aquatic plant and algae growth.
The transparency throughout Big Star Lake v/as adequate in 2016 (10.5-20 feet;
Figure 1) to ailow abundant growth of aigae and aquatic plants in the maiority
of the littoral zone of tlie lake. Secclii transparency is variable and depends on the
amount of suspended particles in the water (often due to windy conditions of lake
water mixing and the amount of sunlight present at the time of measurement. Other
parameters such as rurbidity (measured in NTU's) and Total Dissolved Solids
(measured in mig/L) are correlated with water clarity and show an increase as clarity
decreases. The turbidit}- and total dissolved solids in Big Star Lake have been
quite low at <1.9 NTU's (Figure 2) and <89 mg/L, respectively during recent
and historic periods. All of these values were higher than in 2015, presumably
because of the increased runoff from storm events.
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Total pnosphor'js iTP) i;? i meastire of the amount of phosphorus (P) present in the
water column. Phosphorus is the primary nutrient necessary for abundant algae and
aquatic plant growdi. TP coacentrations are usually higher at increased depths due to
higher release rates of P irom lake sediments under low oxj-gen (anoxic) conditions.
Phosphorus may also be released from sediments as pH increases. Fortunatelv, even



though the TP levels in Big Star Lake are moderate, the dissolved oxygen levels are
good enough at tiae bortom to not cause release of ohosphorus from the bottom. The
O  O i. i

mean TP concentratiorE in summet of 2016 was 0.030 mg L"' (Figure 3), which is
slightly lower than in 2015 but still high enough to create algal blooms.
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Total Kjeldahl Nitrogen (T1<N) is the sum of nitrate (NO3'), nitrite (NO2'), ammonia
(NHT), and organic nitrcgen forms in freshwater system.s. Much nitrogen (amino
adds and proteins) also comprises the bulk of living organisms in an aquatic ecosystem.
Nitrogen onginates from arm.ospheric inputs (i.e. burning of fossil fuels), wastewater
sources rrom deveioped areas (i.e. mnoff from fertilized lawns), agricultural lands,
septic systems, and from waterfowl droppings. It also enters lakes through ground or
surface drainage, drainage ffomi marshes and wetlands, or from precipitation (VChtzel,
2001). In lakes v.rth an abundance 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 increase due to the abtiit}'' to fix nitrogen gas from atmospheric
inputs. Lakes with a mean TKN value of 0.66 mg L"' may be classified as oligotrophic,
those with a mean TKN value of 0.75 mg may be classified as mesotrophic, and
tliose with a mean TKN value greater than 1.88 mg L" may be classified as eutrophic.
Tne mean TKN conce.ntration in Big Star Lake in summer of 2016 averaged 1.4
mg L"'*. which is moderately !ow for an inland lake. Figure 4 below
demonstrates the changes in total nitrogen with time in Big Star Lake.



l.lG

Figisre 4. Trend in i^lean TKM
Bm Star Lake
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Lakes with high ail-aliniiy (> 150 mg L'' of CaCOj) are able to tolerate larger acid
inputs uith less change in water colajim pK. Many Ivlichigan lakes contaiit high
concennations of CaCOj and are categorized as having "hard" water. Total alkalinity
may change on a daiiv basis due to the re-suspension of sedimentary deposits in the
water and respond to seasonal changes due to the cyclic turnover of the lake water.
The ail'talinity of Big Star Lake is moderately low and indicates a more soft
water sake. Figure 5 dernonstraies the changes in total alkalinity over time.



g
j
j
r
e
 5
.
 
T
r
e
r
a
d
 I
n
 F
i
e
a
n
 T
o
t

B
i
g
 S
t
a
r
 L
a
k
e

?
 6
0
.
0

o H
 2
0
1
0

2
0
1
1
 

2
0
1
2
 

2
0
1
3
 

2
0
1
4
 

2
0
1
5
 

2
0
1
6

Mo
st
 M
ic
hi
ga
n 

la
ic
es
 h
av
e 
p
H
 v
ai

ue
s 

il
ia

i r
an

ge
 f
ro

m 
6.
5 
to
 9
.5
. 
Ac

id
ic

 l
ak
es
 (
p
H
 <
 7
)

ar
e 
ra
re
 i
n 
Mi

ch
ig

an
 a
nd
 a
re
 m
os
t 
se

ns
it

iv
e 
to

 i
np

ut
s 
of

 ac
id

ic
 s
ub

st
an

ce
s 
du
e 
to
 a
 l
ow

ac
id
 n
eu

tr
al

iz
in

g 
ca

pa
dt

t'
 (A

bJ
C)
. 

Bi
g 
St

ar
 L
ak
e 

is
 c
on
si
de
re
d 
"s

li
gh

tl
y 
ba

si
c"

 o
n 

th
e

p
H
 s
ca

le
. 
T
h
e
 p
H
 o
f 
Bi
g 
St

ar
 L
ak

e 
av

er
ag

ed
 7
.9

 S
.U

. (
Fi
gu
re
 6
)
 in

 t
he

 s
u
m
m
e
r

o
f
 2
0
1
6
 w
h
i
c
h
 i
s 
i
d
e
a
l
 f
o
r
 z
n
 I
n
l
a
n
d
 l
a
k
e
.

F
i
s
o
r
e
 6
,
 T
r
e
r
e
d
 i
n
 

p
H
 i
n
 B
I
q
 S
t
a
r

2
0
1
0
 

2
G
1
1

2
0
1
2
 

2
0
1
3
 

2
0
1
4
 

2
0
1
5
 

2
0
1
6

Ti
ir
ra
e



Conductiviu' is a measure of the amoun t of mineral ions present in the water, especially
those of salts and other dissolved inorganic substances. Conductivity generally
increases as die amount or dissolved minerals and salts in a lake increases, and also
increases as water temperarure increases. The conductivity values for Big Star Lake
increased to an average of 3G0 aS/cm (Figure 7) in the summer of 2016,
presumabie due to warmer water temperatures. Severe water quality impakmcnts
do not occur undl values exceed 800 .uS/cm and are toxic to aquatic life around 1,000
|jS/cm.

Figure 7\ Trs m M-aan CosiduGtsvity
Star Lake
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Chioropb)'l]-r/ is a measure of the amount of green plant pigment present in tlie water,
often in the form or plankronic algae. Idigh chlorophyU-i? concentrations are indicative
of nutrient-ennched lakes. Ciilorophyll-^? concentrations greater than 6 lag I/' are
found in eutroplilc or nutrient-enhched aquatic systems, whereas chlorophyU-a
concentrations less titan 2.2 ug/T, ;ire found in nutrient-poor or oligotrophic lakes.
Chlorophyli-s concentrations vary among years but were slightly higher in 2016
(Figure 8) due to the much warmer ri^ater temperatures and number of bright
sunny days.

Hie algal genera v/cre Oetermined trom composite water samples collected over
the deep basin of Big .Star Lake in 2016 were analyzed with a compound bright
field microscope. The genera present included the Chlorophyta (green algae;
Figure 9); Scenednxmus sp.. Chlomlia sp., Cladophora sp., Haematococcus sp., Radiococcus
sp., Glso(ystis sp., Pnnddnna .sp., and Cijloromonas sp. The Cyanophyta (blue-green



algae; Figure 10); Qsdllaturia sp., the Bascillariophyta (diatoms; Figure 11); Sjmdra
sp., Nama.'lei sp., Cymhdla sp., and Tabellaria sp. The aforementioned species
indicate a diverse algal flora and represent a good diversit}- of alga with an
abundance of diarom.s that are indicative of great water quality.

Trend In Mean Chlorophvil-a In Big
Star Lake
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rigure 11. A Diatom
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SSatMS of Mstive i^sga-satsc ¥egetsti©n m ^ig Star Late
The native aqualic vegetation present in Big Star Lake is essential for the overall health
of tlae lake and the support of the lake fisher}'. The June, 2016 whole-iake survey
determined that tiiere were a iota! of 21 native aquatic plant species in Big Star
Lake. These include 12 submersed species, 3 Soating-ieaved species, and 6
emergent species. This indicates a very high biodiversity of aquatic vegetation
in Big Star Lake. Tlae overall % cover of the lake by native aquaric plants is low
relative to tiie lake size due to the great mean depth and thus these plants should be
protected unless growing near swim areas at nuisance levels. A list of all current
native aquatic plant species is shown below in Table 4.

The most dominant aquatic plant species in June of 2016 included: 1)
Biadderwort (Figure 12), which is a rootless, bright green plant that has clear
bladders and lies on the lake bottom; 2) Leafless Watermilfoil (Figure 13),
which creates a dense sod-like carpet on the iake bottom and is very small in
size, and 3) the macto-aiga Chara (Figure 14) which has a skuol^ odor and lies
on the lake bottom.



iabie 4, Big Star Lake Native i^xraafic Plant Species (June, 2016).

Aquadc Plant Species
and Code

Aquadc Plant
Common Name

Chara vulgcuis (macro alga)
Potamogeton pectrnatus
Potamosston iframimus

<i> O

Potamogelonpraelongus
Potamogeim illimensh
Potamogdon amplifolius
Potamooston natans

T-osterella dubia

V allisnerici amerkana

Ctriadana vulgaris
Najas gmdahpensis
Myrkphylltm knellum
Njnphaea odorata
Pdiphar advena
Brasewa schnbm

Tjpha latijolui
Scirpus acuiiis
Iris versicolor

Decodon veriidUatus

Poljgonum amp'jibiunt
Pdriocaidon sp.

Muskgrass
Tninleaf Pondweed

Vaiiabie-leaved Pondweed

X^lhite-StermTied Pondweed

Illinois Pondweed

Large-leaf Pondweed
Fioating-leaf Pondweed

MFater Stargrass
Wild Celenr

Common Bladderwort

Southern Naiad

Leafless Watermilfoil

'vVTcire Waterliiy

Yellow Waterlil}?
Watershield

Cattails

Bulrushes

Blueflag Iris
Swamp Loosestrife

XX'ater Smartweed

Pipewort
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s ©f (Exotic)

Hie amount of Eurasian \X'a,temiilfoil (Figure 15) present in Big Star Lake varies each
year and is dependent upon clknatic condidons, especially runoff-associated nutrients.
2016 was amongst the hottest rears record and many lakes experienced nuisance
milfoil and algal outbreaks. The June 2016 survey revealed that approximately
10.3 acres of milfoil vras found throughout the entife lake. In July, the milfoil

was treated with high dose granular triclopyr (Renovate OTP®) and Scuipin®.
The treatment was succ-sssfui overali but late in the season another 1.6 acres of

milfoil grevt^ and also required a treatment with granular systemic herbicide.

Native aquatic plants did not necessitate rreatmentin 2016 and this is likely due to the
two consecutive harsh winiers rha; reduced overall growth. Treatment maps for each
of these Lnvasive species .are shown in line maps beiow (Figures 16 and 17). Figure 18
shows tlie overall aouadc vegeta tion biovolume in Big Star Lake in June, 2016.

s \ •

A

Figure 15. Eurasian Watermilfoil
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Figure 17. Eurasian Watermilfoil distribution in Big Star Lake (September, 2016).
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JTigure 18. Aquauc Vegetation Biovoiume in hia ̂ tar i^aKC (June, 2Ui6)
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Continuous aquatic vegetation surv'"eys are needed to determine the precise locations
of Eurasian Watemnlfoil, Curly-leaf Pondweed, or other problematic invasives in or
around Big Star Lake. Tnese surveys should occur in late-May to early-June and
again post-treatment in 2017. Scientists from RLS will be present to oversee all
aquatic herbicide treatments in. 2017 as in previous years.

Due to the relative scarcity of native aquatic vegetation in Big Star Lake, the
treatment of these species with aquatic herbicides is not recommended (one
exception is the overgrowth of nuisance pondweeds and in a few select areas of the
lake and shallow area near the main public access site). The plan for 2017 includes
tlte use of higher doses of systemic aquatic herbicides (such as tricopyr nearshore and
2, 4-D offshore) for the mdlfoii tlrat may be present. Nuisance pondweeds wih
respond well to Aquathol-K® at 1-2 gallons per acre if present.

Water quality parameters in the lake will also be monitored and graphed with
historical data to observe long-term trends.

In conclusion, Big Star Lake is a healthy lake with excellent aquatic plant biodiversitjq
excellent water clarityy moderate nutrients, and a healthy lake fishery. Management of
the invasives and protection of the water quaHlyr are param.ount for the long-term
health of the lake.



Glossaiy of Scientific Terms used in this Report

1) Biodiversity- The relative abundance or axnounc of umque and different bioiogical life forms found
in a given aquatic ecosystem. A more diverse ecosystem will have many different life forms such as
species.

2) CaC03- The molecuiar acronym for caicium carbonate: also reterred to as "marl" or mineral
sediment content.

3) Eutrophic- Meaning "nument-hch" refers to a lake condiiion tliat consists of high nutrients in the
water column, low water clarity, and an over-abundance of algae and aquatic plants.

4) Mesotrophic- Meaning "moderate nutrients" refers to a lake witla a moderate quantity oi nutrients
that allows the lalce to have some euaophic qudities while stili having some nutrient-poor
characteristics

5) OHgotrophic- Meaning "low in nutriencs or nutrient-poor" refers to a lake witli niinimal nutrients
to allow for only scarce growdi of aquatic plan: and aJgae life. Also associated with verj' clear

6) Sedimentaiy Deposits- refers to the lype of lake bottom sediments that are present. In some lakes,
gravel and sand are prevalent. In others, organic muck, peat, and silt are more common.


