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The following Big Star Lake report is a summary of
key Iake findings coliected in 2016.
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akes of ~ ate f M clugan The water clarity in the
summer of M_@ was beltween 10.5-20 feet. Some of this clarity is due to
filtration of the water by [J:um Mussels; however, the majority of the clarity is
due to coarse bottorn sediment that does not create siity, turbid conditions when high
wave or boat zctivity agirates the lake water. Additionally, the lake has enough
nutrents (phosphorus and nitos

74 he overall ”ouo,r;m of Big Star Lake is ranked in the top 15% of developed
w1l e i
E

e

en) to support some algae and submersed 'xquati"
plant growth, but the nutrient levels are considered moderate. Invasive species such as
Burasian Watermiifcil are «ble o grow in moderate nuttient waters and thus ate a
111 s g W T ar iy
challenge to the Big Stur Lake ecosystern. However, management of the plant has
been a large success over J" past several years wv‘h a total of 12 acres requiring
herbicide treatment in 2015, Protecdon of the 21 native aquatic plant species is
paramount for the health of the lake fishery and these plants should not be
managc'i unless they are a nuisance to lakefront property owners and possess
navigational and recreational hazards {Le. lily pads).

[JU‘“"‘”,/: &t ion of mssolved oxygen with depth during

mid-summer e infand lake that stratifies. In june, 2016 dlsw!ved
oxygen wea and averaged 8.0 mg/ and *h water temperature vasied by 2°C.
Cor\ducu vity o «nu ues to be low which iIs favorable but was higher in 2016 due to

increased water ©mp

i r,:zosphorus remained similar to previous years as
nizrogen in considered moderate as well. In late

cred 28 E. coli bacteria samples and one came
ate that E. coli bacteria is not a problem on Big Star

well and was
Auoust of 2017
back posigve.
Lake at present.
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I Thcre are pundf eds of water
; several are the most ¢ ]

J ‘.
crdest an.c.itor c'f lake he altn rhese parameters mc‘ude water
temperature (measured m °F, dissolved oxygen (measured in mg/L), pH (measured in
standard uni L\‘-SU), conducdv.ty {measured in micro-Siemens per centimeter-uS/cm),
total alkalinity or harduess

asured In mg of calcdum carbonate s liter-mg
CaCG0s/L u), total dissolved solids {mg/% ) secchi transparency (feet), total ph osphorus Bl
and total aitate niw h in ug/L), chlorophyll-a (in pg/L), and algal species
composition. Grag ; irends for each parameter of each year are displayed
below. Water C,uax‘“' was mezsured in the deep bastns of Big Star Lake in late spring
early summer of 20 Irend dat was calculated using mean values for each
para‘m.c*f*r ;ur L?"l’ SEAsON Dver

:htz sampling locadon. Table 1 below demonstrates

kev parameters. Big Star Lake would be
Vi

productive ) since it does contain ampie

how lakes are
considered me 3
phosphonus, niticg
and moderate
defined in Talue
Tables 2-3.

i

N Table 1. Lake trophic classificaton [MDNR).
[l - . —r ) Z fy |t .}
o Lake Trophic Towal Chlorophyil-a Secchy ksl
‘ . B vl
g Staius j’fzosg;'mf.ﬁ (uz L) ransparency i
3)_ ( L .av % ) (féf?} ‘\
L > 5 3
8 Oligotrophic <10.0 <22 > 15.0 L
i B
i % i
j Mesotrophic 8.0~ 20.6 22-6.0 7.5-15.0 i
M
t - - oy [ |
| Eutrophic > 20.0 > 6.0 <75 i
' I.V4
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Table 2. Big Star Lake water quality parameter data collected over the deep basin on June 11, 2016.

Depth Water DO pH Cond.  Turb. ORP Total Total Tosaf
Temp mg L7 SU. #Sem”  NTU mV  Dissoived Ak Phos.
°C Solids Mg L’ mg L’
mg It Cal Oy
225 9.0 8.0 300 1.6 1063 89 57 0.010
125 223 8.9 78 302 19 1115 85 58 0.020
2 20.1 8.9 7.7 288 1.7 1049 g4 57 0.040

Table 3. Big Star Lake water quality parameter data collected over the deep basin on June 11, 2016.
g juality b p >

Depth  Water DO b Cond.  Turb. ORP Toral Total Total
Temp mg SU  uScw’ NITU =V Dissolved Alk. Phos.
°C £ Solids mg L’ mg L’
mg L CalOs
0 22.7 8.9 8.0 289 1.6 1295 79 57 0.010
125 21.0 8.1 3.0 363 £9 125.7 32 56 0.020
25 20.9 6.7 7.9 299 A 79.4 80 57 0.050

Water Cia

EIC\'R"G(, Secchi tran b‘P“l'CIEC)’ L"C‘ACJ‘.:LI’}k S "‘11 oW fO”' more QqLdUC Plﬁn&, '%fld 31026 OTO\VD’I
The transparency throughout Big Star Lake was adequate in 2016 (10 5-70 feet;
Figure 1} to allow abundam growth of zigae and aquatic piants in the majority

of the iittorai zone of the lake,

Secchi transparency is vatiable and depends on the
the water (ofter: due to windy conditions of lake

£

water mixing) md the amount of sunlight present at the time of measurement. Cther

parameters such as nurbidity (mcesurcd in NTU’) and Total Dissolved Solids
(measured in mg/1) are correiated with water clarity and show an increase as clarity
decreases. turbi at dissolved solids in Big Star Lake have been
quite fow at <107 2) and <89 mg/L, respectively during recent
ar‘d histo ralues wese hzo‘her than in 2015, presumably

Yo storm events.

(8]
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igure 1. Es% id in Mean Secchi
nSparency
a Big Star Lake
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Figurs 2, Trend in Mean Turbidity in Big
Star Lake
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Totzl Phosohorus

5 4 measure of the amount of phosphorus (P) presem in the
spheras is the primary nutrient necessary for abundant algae and
aqu?.tic pkmt growtn. 1P concenmatons are usually higher at increased depths due to
higher release rawes of I from lake s ents under low oxygen (anoxic) conditdons.
P‘qosphO"us may also be released from h\.d;ﬂ'l(,l'hb as pH increases. Fortunately, even
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Star Lake are moderate, the dissolved oxygen levels are

o not cause release of Jﬂosonoms from the bottom. The
¢ of 2016 was 0.030 mg L (Figure 3), which is
high enough to create algal blooms.

though the TP levels n Big
oood cnoucrh at the bortom
mean TP concentraton in suumme

slightly lower than in .'ﬁl", bue stll

Figure 3. Trend in Mean TP in Big Star Lake

R = e
\,-~_-~_ M}/ﬁ'
0.02G =
2010 2011 2012 2013 2014 2015 2016
Time

Total Kjeldahi Nitro.cep (TKN) s the sur of mitrate (NOs), nitrite (INOz), ammonia
(NH."), and organic nirrogen forms in {reshwater systems. Much nitrogen (amino
acids and proteins) &lso comprises the bulk of living organisms in an aquatic ecosystem.
Nitrogen originates from aunospheric inputs (Le. bu*mr\g of fossil fuels), wastewater
sources from developed zreas (Le. rupoff from fertilized lawns), agricultural lands,
septic systems, and from waterfow! 4*‘03-’311105 It also eaters lakes through ground or
surface draina age, drainage from marshes and wetlands, or from precipitation (Wetzel,
2001). In lakes wnd “abusndance of nitrogen (N: P > 15), phosphorus may be the
limiting nutdent for phyoplankton and aquatic macrophyte growth. Alternatively, in
lakes with low nitrogen concentratons (and relatively high pbosohorus) the blue-green
algae populztions may increase due to the ability to 'L\ futrogen gas from amosphenc
inputs. Lakes with 2 mean TKN vaiue of (.66 mg L may be classified as oligotrophic,
those with a mean TKIN value of 0.75 mg L' may be classified as mesotrophic, and
those with a mean TKN value greater thar 1.88 mg L' may be classified as eutrophic.
The mean TKIN conceniratdon w Big Star Lzke in summer of 2016 averaged 1.4
mg L7, which is moderately low for an inland lake. Figure 4 below
demonsirates the changes in ol nitzogen with time in Big Star Lake.
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i Lakes with high L of CaCOs) are able to tlerate larger acid
1 inputs witn less chaage in warer column pH. Many Michigan lakes contain high
concenuatons of CaClls and are categorized as having “hard” water. Total alkabinity

s due to the re-suspension of sedimentary deposits 1n the

may chmoc on & daily
1

water anc mges due to the cyclic turnover of the lake water.
The ¢ i : is moderaiely jow and indicates a moze soft

wnsiraies thie changes in total alkalinity over time.
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Conductvity

Conductviry is 2 measure of the amount of mineral ions present in the water, especially
those of :

other dissolvec inorganic substances. Conductivity generally
increases as the amount of dissolved minerals and salts in a lake increases, and also
increases as Water {empecanre inc::a<es. The CUBGUCUVII}' values for Big Star Lake
' e of 30C uS/cm (Figure 7) in the summer of 2016,
pt»sumabxe due o warmer water temperatures. Severe water quality impairments
do not occur uniil values exceed 800 1:S/cm and are toxic to aguatic life around 1,000

uS/cm.

Figure 7. Trend in Mean Conductivity in Big

&a Lake
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measure of thie amount of ¢ brreeﬂ plant pigment present in the water,
oi‘ en 1'1 the form of planktonic algae. High chlorophyll-a concentradons are mdlcauvc
of nutrient-enriche ,.domppvﬂ—ﬂ concentrations greater than 6 ug I.' are
found in eutrophic or nutrent-enriched aquatic systems, whereas chlorophyll-a
concentrations less than 2.2 ug/L are found in nutrieni-poor or oligotrophic lakes.
Chlorophyll-a concentradons vary ammong years but were slightly higher in 2016
Figure 8) due o the mUCh warscer water temperatures and number of bright
Y t=)

sunny days.

n composite water samples collected over
16 were analyzed with a compound bright

Eeni qcmdc.c the Chlorophyta (green algae;
vl sp., Cladophora sp., Haematococcus sp., Radiococcns
ap., G./mg}u/z.f S, /‘ andoring sp., and Ciloromonas sp. The Cyanophyta (blue-green
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algae; Figure 10): Oscilitoria sp., the Bascillariophyta (diatoms; Figure 11): Synedra
sp., Navicela sp., Cymbella sp., and Tabellaria sp. The aforementioned species

indicate a diverse algal florz and represent a good diversity of alga with an

3

abundance of dizroms that are indicative of great water quality.

7

Figure 8. Trend in Mean Chicrophyll-a in Big
tar Lake
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Aguziic Veget

<

Status of Hative Ag in Big Star Lake

The na“'\"’ aqualic eg’ta Zon ; sresent in Big Star Lake is essential for the overall health
of the lake and the supy The June, 2616 whole-lake survey
determm & thet there were a tOLﬁE of 21 native cnquatic plant species in Big Star
Lake. These include 12 submersed species, 3 floating-leaved species, and 6

emergent species. This indicates a very high biodiversity of aquatic vegetation
in Big Star Lake. The overzil % cover of the lake by native aquadc plants is low

relative to the lake size due to the great mean CPan and thus ‘Zh\.bs, plants should be

protected unless growing near Swim areas at e 1cvels A list of all cusrent

1C
native aquatic plant species is shown below in Table

uisan

. .-‘

The most dominant aguatic plant species in June of 2016 included: 1}
Bladderwort (Figure 12}, which is a rootless, bright green plant that has clear
bladders and lies on the lake bo rom, 2} Leafless Watermilfoil (Figure 13),
which creates a dense sod-like carp

size, and 3) the macro-aige Chara (‘Fgl re 14 L) whi ch has a skunky odor and lies
on the izke bottom.

12
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Table 4. Big Star Lake 1t Species (June, 2016).
Aguaiic Plant Spec | Aguatic Plaar % Cover in Littoral
i £ ! = ]
and Code | Common Name {SEkzilow) Zone of %
i Big Star Lake e
{ ; ‘
| (2016)
) Chara vilgarss (tracro alga) | Muskerass 12.9
! HY i O )
¥ Potamggeton pectinatins ! Thinleaf Pondweed 0.6
POM/?]O\’I eon gramiinens ] Variapie-leaved Dorrd\x/med 6.8
Poz‘a/mogemﬁ prm/oqu:r I White-Stemmed Pondwee 9.7
Potamogeion illinoensis Hiinols Pondweed 10.5
Potarooeton ampiifolizs : Large-leaf Pondweed 7.8
A /e !
Potaroseton natans D loaunc—lear Pondweed 2.9
i S ; (=
J Zosterella dubia ; Water Starerass 1.5
: Vallisneria americanc : Wid Celery
! Utriculaiia vrlsaris . Common Bladderwort
Najas g.‘!{?ﬁz’é’q)f”q;) Southern Naiad

B Myregplyilun tenelin: . Leafless Wa Prrmltoii
& Nymphaea odorate: : Whate Waterlih

Sy @ n

L vk G o g D

o s
vi\ Nuphar advena i Yellow \\/ﬂtemly 4
i Braseria schreberi ; Watershield .3 A
[ Typha latifolic ] Catrails 3.4 M
i Scirpus aculus Bulrushes 0.6 e
if : Iris versicolor i Bluetlag Iris 10
| Decodon peiticilizing Swamp Loosesuife 3.4
il Polygonurnr crphibiz Water Smartweed 12
k! Eriocasion sp. Pipewort 3.0

L E{A
i 45 h
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Status of lnvasive ieh Aguatic Plant Species

The amount of Eurasian X«’a"'emzﬂfcil (Figure 15) present in Big Star Lake vaties each
year and is dependent upon climatic condidons, especially runoff-associated nutdents.
2016 svas amongst the .'!.mttef:t vears record and many lakes expedenced nuisance
milfoil and algal ourbreaks. The e june 2016 survey revealed that approximately
16.3 acres of :n:ifoh was found throughout the entire lake. In July, the milfoil
5 high: dose granular wriclopyr (Renovate OTF®) and Sculpin®.
The weatment was successful overall but late in the season another 1.6 acres of
milfoil grew and alsc requited 3 weatment with granular systemic herbicide.

was treated wi

Native aguatic plants cid not necessitaie weatment in 2016 and this is likely due to the
two consecutve harsh 0 ..cu. iced ovcra& growth. Treatment maps for each

of these invasive spacies & clow (ﬁ igures 16 and 17) Figure 18

shows the overa

i ’1\1?.“ SR,

—

Figure 15. Eurasian Warermilfoil
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Big Star Lake
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o Figure 16. Eurasian Watermilfoil distribution in Big Star Lake (June, 2016).
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Managerment Recommendations for 2017

Continuous aquatic vegetation surveyi are needed to determine the precise locadons
of Eurasian Watermilfoil, Curly-leaf Pondweed, or other problematc invasives in or
around Big Star Lake. These surveys should occur in late-May to eatly-June and
again post-treatrnent in 2017. Sciendsts 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 inciudes

the use of higher doses of bysts aquatic herbicides (such as tricopyr nearshore and
2, 4D offshovc:) for the milfo d hat may be present. Nuisance pondweeds wil
respond well to Aguathol-K® at 1-2 gallons per acre if present.

1

Water quality paramerers in the lake will also be monitored and graphed with
historical data to observe lc ng-term tends.

In conclusion, Big Star Lake is a healthy lake with excellent aquatic plant biodiversity,
b

excellent water d arity, moderate nutrients, and a healthy lake ﬁsnerv Management of

the invasives and protection of the water quality are paramount for the long-term

health of the lake.
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Glossary of Scientific Terms used in this Report

Biodiversity- The relative abundance or amount of unique and different biological life forms found
in a given aquatic ecosystem. A more diverse ecosystem will have many different life forms such as
species.

CaCO3- The molecular acronym for calcium carbonate; also referred to as “marl” or mineral
sediment content.

Eutrophic- Meaning “nutrieni-rich” refers to a lake condidon that consists of high nutnents in the

water column, low water clariiv, and an oves-abundance of aleae and aguatic plants.
b 7 O 2 B 2

o a lake with a moderate quantty of nutrients
that allows the lake o have some eutrophic quelites while stll having some nutrient-poor
characteristcs

Oligotrophic- Meaning “low in nuidienss or nutrieat-poor” refers to a lake with minimal nutrients
=] &

to allow for only scarce growsh of aquatic plan: and algae iite. Also associated with very clear

waters.

Sedimentary Deposits- refers o the type of lzke bottom sediments that are present. In some lakes,

avel and sand are nrevaleat. In others, organic muck, peat, and silt are more common.
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