| Paul Smith’s College
“l Adirondack Watershed Institute

Technical Report Limnology and Water Quality Program ‘.

Litchfield ParkLakes
“

=

Water Quality Report
Program Update: 201

Corey Laxson, Elizabeth Yerger, Hunter Favreau and Dan KeltingReport # PSCAWI2008



2017 REPORT LITCHFIELD PARK LA

Table of Contents

IS (o) T (U PSPPSR 3
LIST Of TADIES ...t e e e e e e e e e e e e e e e e e e e e e e e e 3
REPOI SUMMAIY.....cco it e e e e e e e et e et e e e e e e e e e e e e s s s s s s aasssassssnnnnnnnnsnnnnnnnnnnnnnees b
[0 [0 ox i o] o H TP P PSP PPPPPRPPRN 5
HISTONCAl PEISPECIIVE. ... ..o e e e e e e e e e e e e e e e e e eeeeeaeessseassasaaennnnnnnnnes 5.
IMBENOTS. ...tk e ekt a e 6
Field Sampling and Lab ANAIYSIS..........cooiiiiiire e e e e e e e e e 7
DAta ANAIYSIS.....ccoiiiiiiieiiie e e e s e e e e e e s nnnrnnnneeessannnnnneeeeessnnen il
RESUILS @Nd INIIETALION. ...ttt e e e e e e e e r e e e e e s s nbbrr e e e e e e aannes 7
Temperature and DISSOIVEA OXYGEBN.......ccoiiiiiiiiiie ittt e e e e e e anneneeas 7
TrOPNIC INAICALOIS.....coi i e e e e e e e e e e e e e e e e e e aaeaaaaaeaeeasaeaaaanas 11
F ol [o 11V [ [0 [T0F= o = SRR 15
Conclusion and RECOMMENUALIONS. .........cieiiiirieiiiiiee et e e e e e e s esaneeee s 17
[T (=T =] o [0 L PP PRPPP S PPPPPPPPPRPN 17

List of Figure



2017 REPORT LITCHFIELD PARK LA

List of Figures

Figure 1. Annual average values for key acid deposiiitinators at Huntington Forest in the central
o [T 0] T F=Tod PSPPSR 6

Figure 2. Profiles of temperature (upper panels) and dissolveceoxffgwer panels) for the Litchfield
Park study lakes during the field SEasoN Of 20L7...........ccuuiiiiiiiiiie e 8

Figure 3. Annual average values fag #ey trophic indicators for Lake Madeleine (left) and Heavens
Lake (right) from 1992012. Error bars represent one standard deviation of the mean, solid line denotes
a significant hiStoriCal trENM............ooo i e e e e e e e e e e e e e e e e e e 12

Figure 4. Lime treatment and acidity indicators of Lake Madeleine 188867. Each point represents an
observation on a single sample day. Shaded areas for ANC, pH, and cejmesent target values

established by Living Lakes (1992). The shaded area for Ca:H represent critical values above 10 (Clayton
Loy L < ) USSP 13

Figure 5. Lime treatment and acidity indicators of Heavens Lake-Z9RB& . Each point represents an
observation on a single sample day. Shaded areas for ANC, pH, and calcium represent target values
established by Living Lakes (1992). Sin@ded area for Ca:H represent critical values above 10 (Clayton
Loy L < ) SRR 14

Figure 6. Box plots of acid indicators of Litaeleine (left column) and Heavens lake (right column)
during the period when lime was added to the study lakes on a biennial basesZ0228and the

recent time period when lime has not been applied (2@0D47). The box represents 50% of the data,
with the horizontal line indicating the median. The boundary of the box closest to zero indicating the
25" percentile and the boundary furthest from zero indicating thd pgrcentile. Whiskeys above and
below the box equal the 90and 10" percentiles. Paits represent data outside the range described
above. The horizontal dashed line indicates the target value for each analyte........................... 16

List of Tables
Table 1. Water quality indicators for Lake Madeleine during the 2017 field season...................... 9

Table 2. Water quality indicators for Heavens Lake during the 2017 field season...................... 10

List of Figure



2017 REPORT LITCHFIELD PARK LA

regional response related to changes in climatic
Report Summary patterns and acid deposition recovery.
The Adirondack Watershed Institute began monitorin
the limnology and water quality of Lake Madeleine
and Heavens Laka 1994. The objectives of this work
are to track acid and trophic characteristics of the
lakes, and to mvide recommendations for acid
mitigation and lake management. The lakes have been
treated with limestone sand at regular intervals since
1986 however, the lakes have not been limed in lasts, The pattern in Heavens Lake is similar, although
four years. This provides us with an opportunity to | §| gSy 53 Q  LJI Sy Ra i 2
examine how he chemistry of the lakes has 5| RS f.ATedighar elevation, low retention
responded to a reduction in lime application.  time, and shallower soilsf Heavens watershed
Understanding the response to decreased offer less natural buffering ability. We observed a

management  effort is  important  because  sjgnificant reduction in ANC and calcium since the
amendments to the Clean Air Act in 1990 have period of biennial lime applicatianDespite the

resulted in a substamdl decrease in acid deposition  reductions in bufferingthe pH of the lake has

and recent research reveals that many acid impacted  actuallyexhibited aslight, yetsignifiant increase.
lakes are showing signs of natural recovery.

As expected, the reduction in the rate of lime
application to Lake Madeleine has resulted in
decreased ANC and caleiu concentration.
Despite these reductions, the pbf the lakehas
not been affected; it remains circumneutral with
no significant change since liming stopped in 2013.

6. The lakes provide a suitable chemical environment
1. Lake Madeleine provides cold water and high for the primary species of interest. Brook and lake
concentration of dissolved oxygen throughout trout are more acid tolerant than other

most of the field season. Dissolved oxygen is freshwater fish species. Although the optimal pH

depleted to low concenttions in the bottom few range for survival and reproduction appears to be
meters of the deepest section and this pattern is  petween 6.5 and 8.0, the tolerance range is much
common in the historical data. wider and likely between 4.0 and 9.0 pH units. The

Litchfield park lakes are mildly acidic to
circumneutral, suggesting the acidity is not an
issue of concern at this time.

2. Heavens Lake provides suitable thermal conditions
for brook trout. During the summer months
optimal conditions are restricted due to warm

surface wate and anoxic bottom waters. 7. The Ca:H ratios of both Madeleimmd Heavens
Lakes rarely fall below the threshold level of 10, in
fact during the vast majority of observations they
are near the optimal value of 100, suggesting that
the chemistry of these lakes is favorable to native
trout species.

3. The average secchi disk transparency of Lake
Madeleine in 2017 was the lowest observed value
in the historical data set. Overall, the transparency
of the lake is exhibiting a significant downward
trend. This pattern does not gear to be related
to nutrients or algal productivity, as chlorophyllg. e recommend thathe acid mitigation strategy
concentration has not exhibited any significant  employed at Litchfield Park be changed from
trend and phosphorus concentration has been pjennial application to only when necessary. The
decreasing over time. Analysis of 122 Adirondack |iming option should be discussed when the pH of
lakes, as well as recent scientific publioas, either of the water bodies falls below 6.0 pH units.

suggests the decreased transparency may be a
Report Summa
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Introduction Lakes was a fairly controversial tiy at the time

Lake Madeleine andHeavens Lake are two waterP€ecause it was created, funded, and controlled by no
bodies in Litchfield Park that are actively managed fdgSS than twenty major power and coal companies

cold water fish production and acid mitigation. Thavith essentially zero citizen input or public discussion
negative effects of acid deposition have largely beeffeviewed by Megalli and Friedman 1991). Although
ameliorated by the application of calcium carbonatd! KS  YSRA T Kl At fke savéeEs [HNE dzL
sand (lime) aregular intervals beginning in 1986. Theffighters — against  acid  rai X aOASYyuUAadlse
water quality objectives for the liming operation have€nvironmentalists ~ contented that the power
638y G2 YIAydlAy |y | b/ COpRaniey yvere Hyiggj e mifigate a pipblern theyy ¢ ¢
units, and a minimum calcium concentration of 2mg/icréated in an effort to undercut the growing support
(Laxson and Kelting 2014; Martin 1997; Living Lakfy industry regulations that would eliminate the

199). Monitoring of the acid mitigation program wascause acid deposition.

implemented by the Adirondack Watershed Institute, . . .
_ _ , Initial measurements by LLI staff in the late summer of
in 1994 and was designed to: (1) document acid a

irophic ch teristi f the lak 42 id 86 revealed the pH, ANC, and calcium concentration
fophic ¢ ara(? enstics o .e a _?S’ gn (2) provi ‘lan Lake Madeleine to be 6.2 pH units, 32 yumol/L, and
recommendations for acid mitigation and lake

. 2.7 mg/L respectively. Upstream in the smaller kettle
managenent. The data gathered by this progreame
) i ) pond known asHeavens Lake, the values were
intended to serve a supporting role in th

¢ the lakes by Litchfield Park staff € observed to be 6.1 pH units, 37.8 ymol/L, and 2.3
management of the lakes by Litchfield Park staft. mg/L. Based on these observations the lakes were
Historical Perspective Of F 3aAFASR Ia WYAftRf& | OARA
Lake Madeleine and Heavens Lake were two of the 23aegy was enacted. In the autumn _Of 1986, a
lakes selected by Living Lakes Inc. (iL11986 to Nelicopter was used taapply 90.5 metric tons of
participate in a liming evaluation program.calCium carbonate sand to Lake Madeline and 6.5
Participating lakes were selected based on the criter@€tric tons to Heavens Lake (LLI 1992). The initial

of depressed pH, roadside access, and land own@pplications were successful at elevating the pH and
interest. The goal of the LLI program was tdolstering the acid neutralizing capacity of the waters.
demonstrate cost effective liming strategies to>€Mtannual monitong revealed that the pH and ANC

neutralize acidified waters and restore acid impacted®’ Heavens Lake had dropped below@ k¢liming

fisheries (LLI 1992). Living lakes independentﬁﬂte”a so the lake was treated again in August of
developed their own criteria for acid mitigation. Theirl988, this time with 7.3 metric tons of lime was

first strategy, termed mitigative liming, was used fo2dded with a boat mounted slurry box. — Lake

the restoration of an acid impacted fisherpcawas Madeleine, with its longer rention time and
AYAGALFGSR 2y LRYRE 6 A G K UPpreamyaddijops fram Hepyens, gigh Rof rgach. Lelg
L b/  Kmn xShk[® ¢KS & sEEnpgeritedapi 1999200 Augusi AP sake
maintenance liming, was used to protect a susceptibiMadeline was again treated with 90.5 metric tons of

fisheries in mildly acidievaters and was initiated on Ime-

L2yRa G6AGK LI 2F KcTHep THe xi\ﬁng | a¥es IIDrggéam 2NN fh 1952§a||i1d(LEthﬁeld

final report from Living Lakes provides no scientifig‘;,ark staff took ovethe mitigation strategy: however,
rational for these liming criteria and they do Ot 93 dNT 1S NEO2NRA 2F GKS fAY

appear to be specific to the native salmonid fishery Oére not available, Historically, lime has been added to

iKS ' RANRYRIO| NBIA2Yy O LiQa 62NIK y20Ay3 GKFG [ A

Introduction




2017 REPORT LITCHFIELD PARK LA

Lake Madeleine (35 tons) and Heavens Lake (5 toi)5K SOG4 NB om KSOGFNB F Hdp
every other year since 1997. The lakes were due to eith 10km of shoreline and a maximum depth of 26
limedin 2015, but the application was rescheduled taneters. Within the Lake Madeleine watershed is
2016 due to time constraints and the overall favorablédeavens Lake an 18 hectare oligotrophic water body
chemical conditions of the lakes. However, unusuallywith 3.4km of shoreline and a maximum depth of 8

low water levels in 2016 prevented the treatmentmeters. Déails of the lake and watershed morphology
from occurring. In 2017, the chemical conditions ocan be found in Laxson akelting 2014.

the lakes were again favorable and the decision was

made to forego the treatment once again. As a result .,

lime has not been applied to the lake for four full

seasons, the longest cessation of treatment sinc z v ,.0"..
1995. This provides us with an opportunityegwamine s :
how the chemistry of the lakes has responded tc 54'8 o .-'.
reduced lime application. Understanding the lakes §4'6 e o .'..'.'6: *

Z 44

response to decreased management effort s
important because the amendments to the Clean Ai
Act made in 1990 have resulted in a substantie 4

decreasein acid deposition across the Adirondacks R B SR S AR AR AR
Data from the National Atmospheric Deposition 3

Monitoring Program in Huntington Forest (central
Adirondacks) reveals that the primary indices of aci
deposition, pH, and the acid anions sulfate anc
nitrate, are allexhibiting significant reductions over
the past 36 years (NADP 2017; Figure 1). Likewis
recent research from the 74 lakes in Northeast (60% i §
the Adirondacks) illustrate that several acid indicator:
such as sulfate concentration and ANC are exhibitir
significant recovery (Strock et al 2014). Thus it
reasonable to anticipate a time when liming the
Litchfield Park lakes may occur infrequently or stop a = 25

o'-._‘ .0'..000':’“ o’ %

-
N

2.5

ate deposition (mg/L)

1975 1980 1985 1990 1995 2000 2005 2010 2015

=
together. £,
8
The objectives of this report are twofold: First, to 8 15
. . . . -, . @
summarize the historical and cemt trophic condition 3 1
of the lakes; and secondly, to assess the impact 1.505
reduced lime application on the chemical conditions
0
Of the Iakes' 1975 1980 1985 1990 1995 2000 2005 2010 2015
Year
Methods Figurel. Annual average values for key acid deposition indicators

Litchfield Park is located the northern Adirondacks untington Forestin the central Adirondacks.

within the Town of Tupper Lake. Lake Madeleine is

Methods n



2017 REPORT LITCHFIELD PARK LA

Field Sampling and Lab Analysis TSI (Total Phosphorus) = 4.15 + 14.42xIn[Total Phosphorus (ug/L)]

Data was collected at the deepest point of each lak&ypically Bl values are between 0 and 100. Lakes with
on two to five occasions during the ice free periodTSI values less 40 are classified as oligotrophic, TSI
beginning in September of 1996 and continuing unt¥alues between 40 and 50 are classified as
September 2017Transparency was observed using anesotrophic, and TSI values greater than 50 are
20 cm black and white Secchi disk frtme shady side classified as eutrophic.

of the vessel. Temperature and dissolved oxygen (D(?& assess the result of reduced limepligation over

were determined every meter from the surface to the .
. the last four years we compared pH, ANC, and calcium
bottom with an YSI EXD sonde. Surface water

mol : lected using 2 meter intearated t bvalues from 20142017 to the values observed during
Samples Were co ef: € 95| g eter integ a(.e ! %ntreated years within the time period of 199812
sampler. The hypolimnetic water wasllected with a

1L K Bottle f imately 1 met with a MannWhitney U test. In addition, calciuto-
emmerer botlie Trom approximately L meter OIT\ydrogen ionic ratios (Ca:H) veecalculated for the

the bottom. 250 mL of the surface water Waslakes. Ca:H ratios have been proposed as an effective

immediately passed through a 0.45um CeIIUIOSE|3ndex for determining suitable water chemistry for

membrane filter. The filter was collected, wrapped |n6 NE2] GNRdi &dzNDAGHES 646K

foil an n ice for chloroph nalgis. All . . .

oil and put on ice fo C orophyd a a)s.s egg and juvenile survival (Clayton et al. 1998), and

samples were kept on ice after collection and . . . .
_ values near 100 assiated with maximum survival

chemically preserved or stored at 4°

C unt analysI('li-’etty and Thorne 2005).
could be completed.Samples were analyzed for pH,

conductivity, alkalinity, total phosphorus, chlorophyll
a, color, sodium, chloride, and calcium the AWI Resylts and Interpretation
Environmental Research Lab following the analytical

methods described Laxson and Kelting (2014). Temperature and Dissolved Oxygen
_ Brook Trout and lake trout prefer temperatures below
Data Analysis 16°C and 10°C respectively and oxygen concentration

Trend analysis on key trophic indicators Waghove a threshold of 5 mg/L (Couta@®77; Smith

02y RdzOU SR  dza A-pasmeti® gofetalion Qggs)Yi8kE Madeleine provides the cold water and

Gz Gsad UKs KeLk2 eltisrsifipd high Edhcehtfation Aof oxpgéh rebldired for trout
05U6SSYy UKS AYRAOFGZNI P ypBiudtidn YamrdPmost o thelybar (FiguteY 2P, ITAE U NS
lines were fit to data with statistically significant,,,aximum temperature of the epilimnion (surface
(P<0.05) trends and displayed on the correspondingrata of uniform temperature) was observed 22°C

figures. Thus, absence of a line means there was §p mid-August, but this warm water did not extend
statistically significant trenth the indicator over time. past a depth of 4 meters. The dissolved oxygen
Average annual values for secchi disk transparenqypncentration of the lake exhibited its typical

total phosphorus, and chlorophydl in the ponds were ¢jinograde profile, where oxygen concentrations_are_

dza SR G2 OFtodd Fuds /1 NI azZpGiedinltiheBliicd fWhted dhd déédse tnddrRtReE =
a commonly used quantitative index for classifyinghermocline. Although the oxygen was depleted in the

lakes based ortrophic status (Carlson 1977).  TShgitom four meters, the majority of the cold water

values were calculated as follows: area had an oxygen concentration greater than 5 mg/L

TSI (Secchi Disk) = 606.41xIn[Secchi Disk (m)] (Figure 2 left).

TSI (Chlorophyll) = 30.6 + 9.81xIn[Chlorophyll a(ug/L)]

Results and berpretation
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Madeleine Heavens
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Figure2. Profiles of temperature (upper panels) dmdissolved oxygen (lower panels) for the Litchfield Park study lakes during the fi
season of 2017.

Results and Interpretation
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Tablel. Water quality indicators for Lake Madeleine during the 2017 field season.

Water Quality Indicator 6/8 7 IZGSamplmg;;t: LT 9/14 e
Surface Water (0-2 meters)

Secchi Transparency (m) 5.5 39 4.7 4.8 4.7
Total Phosphorus (pg/L) 4.0 6.8 8.4 2.1 5.3
Chlorophyll-a (ug/L)) 2.8 2.9 2.2 2.8 2.7

Color (Pt-Co) 47.1 214 15.0 18.2 254

Conductance (pS/cm@25°C) 13.7 144 116 131 13.2
Laboratory pH 7.1 7.4 7.0 6.4 7.0

Field pH 6.8 6.6 7.0 6.5 6.7

Alkalinity (mg/L) 5.0 4.5 4.9 49 4.8

ANC (umol/L) 101.8 90.7 98.6 99.6 97.7

Calcium (mg/L) 16 1.6 1.6 16 1.6

Ca:H molar ratio 562 947 415 92 504

Chloride (mg/L) 0.4 0.5 0.5 0.6 0.5

Sodium (mg/L) 0.5 0.6 0.5 0.5 0.5

Bottom Water (~25 meters)

Total Phosphorus (ug/L) 4.3 10.9 5.9 6.0 6.8
Color (Pt-Co) 18.2 246 21.4 47.2 27.9

Conductance (pS/cm@25°C) 14.8 165 16.4 193 16.7
Laboratory pH 6.3 6.1 6.1 6.2 6.2

Alkalinity (mg/L) 5.8 7.0 7.9 9.4 7.5
ANC (umol/L) 1170 140.8 160.3 190.7 152.2

Calcium (mg/L) 1.8 1.8 1.9 2.2 1.9

Ca:H molar ratio 87 63 59 77 71

Chloride (mg/L) 0.2 0.6 0.6 0.6 0.5

Sodium (mg/L) 0.5 0.6 0.6 0.5 0.6

Results and Interpretatiorn
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Table2. Water quality indicators for Heavens Lake during the 2017 field season.

Water Quality Indicator

Sampling Date 2017

6/8 7/26 8/16 9/14 Avg.
Surface Water (0-2 meters)
Secchi Transparency (m) 5.2 44 4.2 4.1 4.5
Total Phosphorus (ug/L) 3.3 39 35 2.5 33
Chlorophyll-a (pg/L)) 1.2 1.5 1.2 1.3 1.3
Color (Pt-Co) 18.2 40.7 34.3 31.1 31.1
Conductance (uS/cm@25°C) 10.9 9.0 8.0 9.2 9.3
Laboratory pH 6.1 5.9 6.1 6.3 6.1
Field pH 5.6 5.9 5.9 5.9 5.8
Alkalinity (mg/L) 2.4 1.9 1.8 6.1 3.1
ANC (umol/L) 48.3 37.8 37.2 1240 61.8
Calcium (mg/L) 1.1 1.0 1.1 1.1 1.1
Ca:H molar ratio 34.9 20.9 334 51.2 35.1
Chloride (mg/L) 0.4 04 0.4 0.4 0.4
Sodium (mg/L) 0.5 0.4 0.6 0.4 0.5
Bottom Water (7 meters)
Total Phosphorus (ug/L) 11.8 7.0 17.9 17.6 13.6
Color (Pt-Co) 37.3 343 66.5 60.0 49.5
Conductance (uS/cm@25°C) 13.1 115 15.0 15.2 13.7
Laboratory pH 5.8 5.8 5.8 6.0 5.8
Alkalinity (mg/L) 4.1 4.0 6.4 6.5 5.2
ANC (pmol/L) 82.8 79.8 129.8 130.8 105.8
Calcium (mg/L) 1.6 1.4 2.0 2.0 1.8
Ca:H molar ratio 26.4 233 31.3 46.4 31.9
Chloride (mg/L) 0.2 0.4 0.5 0.5 0.4
Sodium (mg/L) 0.5 0.5 0.6 0.5 0.5

Results and Interpretatio
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In Heavens Lake, the maximum temperature observe@ason for the downward trend in transparency is
was also 22°C in miflugust and this warm water did unclear.The pattern does not appear to be related to
not extend past a depth 2 meters. The dissolvedutrients or algal productivity, as chlorophglhasnot
oxygen concentration was ragyddepleted under the exhibited any significant trend and phosphorus
thermocline, with the bottom 1.5 meters of the pond concentration has been decreasing over time.
essentially devoid of oxygen by late July (Figure &nalysis of 122 Adirondack lakess well as recent
right). The combination of warm surface water andscientific publications, suggests the decreased
anoxic bottom water likely causes the brook trout totransparency may be a regional response related to
congregate within a depthfa3 to 5 meters (10; 16 change in climatic patterns and acid deposition
feet) during July and August (Figure 2 right). recovery.

Trophic Indicators The Trophic State Index for Heavens calculated with
Both Madeleine and Heavens are oligotrophicsecchi transparency (39), chlorophyll (39), and total
Oligotrophic lakes are typified by limited dissolveghosphorus (35) all indicated an oligotrophic
nutrients resulting in low algal productivity and highclassification the lake in 2017. Similar to Madedgi
transpareny. The Trophic State Index for Lakéhe trophic state of the Heavens Lake has been
Madeleine calculated with secchi transparency (38)ligotrophic since monitoring began with all three
chlorophyll (39), and total phosphorus (26) alindicators generally in close agreement (Figure 3).
indicated an oligotrophic classificatidor the lake in Secchi transparency averaged 4.5 meters in 2017.
2017. The trophic state of the lake has beenHistorically, average annual Secchi transparency have
oligotrophic since moaitoring began with all three ranged from 3.7 to 5.9 meters, with no observable
indicators generally in close agreeméhigure 3). trend detected in the data (P =0.21). Total phosphorus
. _ concentrations were low in the epilimnion in 2017,
TO.t-aJ p.hos.phorus concentrations were IQW in they g ranged from a 2.5 pg/L to 3.9 pg/L (Table 1). We
epilimnion in 207, and ranged from approximately 2 onqerved the phosphorus concentration in thettom
Hg/L t08.4 ug/L, with slightly higher values observedyaier 1o be four times higher, and ranged from 7 to
in the bottom wate (Table 1) Over the period of AWl 17 g ,g/1  The elevated phosphorus concentration is
monitoring, average annual total  phosphorusye ¢ the anoxic conditions at the bottom of the lake.
concentration in the epilimnion has ranged from 18e absence of oxygen creates a reducing
to 9.2 ugL. with a significant downward trend in dataenvironment along the bottom which allows
at a rate of approximately 0.jug/Liyear (Figure 3). ,n,sphde to leak out of the lake sediments. Over the
ChlorophyHa @mncentrationsexhibited little variation period of AWI monitoring, average annual total
around the average of 2.Ag/L in 2017 Historically, phosphorus concentration in the surface water has
average annal chlorophyHa concentrations have ranged from 2.7 to 18.3 pg/L. with no observable

ranged from 1.1 10 4.1 ug/L with no significant trendq,y getected in the historical data. Surface water
detected in the data. Secchi transparenayeraged cpiorophyll-a concentration exhibited little variation

4.7 meers, which was th? IO_WE}SI average observed,ng the average of 1.3 pg/L in 2017. Historically,
since the AWI began monitoring the lakever the 2 5 erage annual chlorophydl concentrations have

years of monitoring, average annual Secchingeq from 1.2 to 4.6 pg/L with no significant trend
transparencyhasranged fromd.7to 11.4 meters, with detected in the data.

a significant downward trend at a rate of
approximately 2 cm/year (Figure 3; P < 0.01). The

Results and Interpretatio
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Figure3. Annual average values for the key trophic indicators for Lake Madeleine (left) and Heavens Lake (right) frol2AP®4Error
bars represent one standard deviation of the mean, solid line denotes a significant historical trend.

Results and Interpretatio
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Figure4. Lime treatment and acidity indicators of Lake Madeleine 1988017. Each point represents an observation on a single
sample day. Shaded areas for ANC, pH, and calcium represent target values established by Living Lakes (188ayletharea for
Ca:H represent critical values above 10 (Clayton et al 1998).

Results and Interpretatio
















