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Executive Summary

The current study was conducteetweenJuneand Augusbf 2009 at the University of
Saskatchewandéds R.J. F. Cent einitigtedinrespapseat i ¢ Ec o
to concerns over theotentialimpactof salinity (i.e. total dissolved soliddDS]) in Lake
Lenore due to infiw from Lake Houghtoraswell asthe potential fofuture increase
due to | ake evaporation. The study was cond
degree program and in accordance with the collaborative proposal prepared by the
Saskatchewan Watershed Authority, Fisherres @ceans Canada, Ministry of the
Environment and the University of Saskatchewa@he current study had three goals: 1)
to determine the concentratiohTDS that would causg0% mortality (i.e. LC50)in
juvenile pike (Esox luciuy, juvenile walleye $arder vitreu and adult fathead minnow
(Pimephales promelas2) to determine the concentration of TDS that will cause a
significant effect on fistbehaviourand 3) to determine the impact of TDS on
zooplankton native to Lake Lenor€oncentrations used &all three components were
identical and included 250 mg/I (control for fish), 2000 mg/l, 2000 mg/l, 4000 mg/I
(controlfor zooplankton), 6000 mg/l, 8000 mg/l and 16,00§/. Toensurestudy
relevance the ionic composition of the TDS was formulatedinoic that ofLake

Lenore. Results of the study indicate tlthe 96 hour LC50f pike, walleye and fathead
minnowswerel1,627 mg/l 8,316 mg/l and 11,627 mg/l respectiveBehaviour proved
to be a more sensitive measurgike with significantdecreases in movemeait2000
mg/l, while walleye displayed no effect on behaviour, and minnows dsgtnanges in
behaviour at high level$000 mg/l and 8000 mg/l)Responses adfooplanktorvaried

among the four specigssted Significant mortalityof CeriodaphniaandDaphniabegan



at 6000 mg/lwhile Leptodiaptomuslisplayed significant mortality at 8000 mg/I, and
Diacyclopsshowedno significant increase in mortaligven atl6,000 mg/I. Given our
resultsand the curnet TDS levels at Lake Lenofd000 mg/l), it can be concluded that
thefish and zooplanktopopulations within Lake Lenore are not at rigla significant
die off due to inflows from Houghton Lakéutif TDS increasesnay display

behavioural changes.



1.0 Introduction

Thisreport summarize®ur experiments conductday the University of
Saskatchewa(l of S) investigatinghe potentialimpacs of total dissolved solids (TDS)
on aquatic communitieglevant to Lake LenoreThis series of experiments was initiated
anddesigned in response to concerns that a potential rise in TDS in Lake Lenore could
negatively impact the aquatic community. Alg species used in thetudy are relevant
to those found in Lake Lenore as is the fpeon ratio usedsee Appendix @e). The
current study examined the impacts of TDS on northern gigex luciu}, walleye
(Sander vitreuy fathead minnowsRimephales promelasind the four most abundant
specief zooplanktorfound in Lake LenoréencludingDaphnia pulex/pulicaria
Ceriodaphma spp.,Diacylops thomasandLeptodiaptomus siciloidesThe outcome of
this series of experiments will fill information gaps needed to make informed
management decisions with respidthe Lake Lenore fish population and hydrology.
For a revew of theknownimpacts of TDS on the aquatic community as well as a more
thorough history of the Lake Lenore situation seeotiginal proposal.

All studies were conducted betwestmeandAugustof 2009 using youngf-the-
year pikeandwalleye adul fathead minnowand a combination of immature and mature
zooplankton Pike and walleyavere providedy the Ministry of the Environnre (MoE)
(Contact: Jennifer Merkowsky). Fathead minnows were collected at a pond located on
theU of Scampus.Zooplankonwere collected from Lake Lenore using a plankton net.
The studies wereonducted &the U of S RJF Smith Center for Aquatic Ecoloffish
studies) as well as Lake Lenore itself (zooplankton stu8yidies were conducted by

Zach Hooverwith the asistance of Saskatchewan Watershed Authority (SWA) ataff



supervised by Professor Doug Chivers (Animal Care Protocol 20090090). Studies were
conducted in accordance with a collaborative proposal written M, Fisheries and
Oceans Canada (DFQYIoE and theU of S Except where noted in the propgsldies

were based on guidelines set by the Organization for Economap€&ation and
Development (OECD 1992).

The purpose of the study wemsedold: 1) to determine the concentration of TDS
thatwould cause 50% mortality (i.e. LC50) in juvenile pike, juvenile walleye and adult
fathead minnow , 2) to determine the concentration of TDS that will cause a significant
effect on fish behaviour, and 3) to determine the impact of TDS on zooplanktontoative

Lake Lenore.

2.0 Materials and Methods

2.1 Fish protocols
As previously mentioned the stpdesign is based on the OECD guidelines for
testingf i sabuesesponses to chemicals. The study proceeded as outlined in the
proposal with no changes to psool. For a complete review of tpeotocol please see
original proposal By way of quick review the study proceeded as follows;
- Youngof-the-year pke (4-6 weeks in age) were harvested from Van Pattens pond
upstream of Little Fishing Lake (TDS ~ 800 #ngDS); youngof-the-year
walleye (46 weeks in age) were harvested from Codette Pond (T8 mg/l);
Adult fathead minnows were harvested from Feedlot Pond located bhah®

campus (TDS ~ 450 mg/l)
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- Following harvestfish (were mantained in the laoratory forone weeko be sure
the population was stable and healfiwater quality and chemistry identical to
study control (see Appendix Five for control conditions)

- During this acclimation period fistvere held at 18 photoperiod at7°C and fed
twice daily with brine shrimpArtemiaspp) and younepf-the-year fathead
minnows(pike and walleye only)

- Following one weelof acclimation individualsvere arbitrarily placed into 10 L
tanks held at 2@21 °C and 250 mg/l TDS and given 24 hours toliatate

- Following acclimation TDS levels were brought up to experimental levels over a
24 hour period

- Fishwere held at these levels for 96 hours

- Fish were checked every diours for mortality

- Each fishwas observedaily for a five minute period during which time spent
moving was recorded

- Sample sizes for LC50 calculations and behaviour was 10

- Sample size for water quality calculations was faume sample/day)

- All results were analyzed using SPSS v.. 17

2.2 Zooplankton protocols
The field protocols for the zooplankton studies are based on an honours thesis produced
by Christensen (2003t the University of Alberta.The study proceeded as outlined in
the proposal with no changes to protocol. For a competew of the protocol please

see original proposal. By way of quick review the study proceeded as follows
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- Zooplankton were collected from Lake Lenore usingOecm diameter 80 um
Wisconsinplankton net (size)

- Samples were concentrated and placedar26 L bucket and immediately brought
to the study site

- 20 L carbogsfilled with filtered water from théJ of SRJIF Centre for Aquatic
Ecologywereand inoculated with 6l of concentrated zooplankt¢see Table
for initial zooplankton concentration)

- Carboys were also inoculated withn ratios and concentratisidentical to the
fish study

- The carboysvereleft for 96 hoursanchored in Lake Lenordtar which time
carboysweredrained, plankton collected aedumerated andentified

- As in the fishstudy, each mesocossia sample unit with aample size of four in

each treatment

3.0 Results

3.1FISH RESULTS
Analysis offish data was divided into physical parameters, water quality,
behavioural responses and LC50 calculation.
3.1.1PHYSICAL PARAMETERS
Given the facthat size has the ability to impact osmoregulatory al{iNtgjazi et
al. 2009)mass and lengthatia were collected from all fighefore they were arbitrarily
assigned to treatment grougsollowing treatment assignment a emay analysis of

variance (ANOVA) was performed on weight and length to be sure treatment groups did
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not differ significantly(Table 13). At completion of thestudy mass and length data were
collected from all surviving fish to determine if any significaatiase in length or mass
occurred among treatments (Tabi8)1
Resultsfrom the pike studyndicate that neithgore-studyweight (ANOVA, two

tailed, df = 6, f = 0.963, p = 0.45) npre-studylength (ANOVA, twotailed, df =6, f =
0.820, 0.56})iffered among groupsRkesults indicate no significanhangean length
(ANOVA, two-tailed, df =6, f=0.67, p = 0.67) or mass (ANOVA, tteded, df =6, f =
1.28, p = 0.28jollowing the four day exposure

Similar results were found in walleye witlo difference in prestudy length
(ANOVA, two-tailed, df = 6, f = 0.25, p = 0.96) arass (ANOVA, twetailed, df = 6, f =
0.99, p = 0.44) nor were there differences in ysbgtly lengtH ANOVA, two-tailed, df =
6, f=0.22, p = 0.97r masg§ANOVA, two-tailed, df = 6, f =2.14, p = 0.06).

Patterns of prstudy mas$ANOVA, two-tailed, df =6, f=1.07, p = 0.3@)nd
length ANOVA, two-tailed, df = 6, f = 0.83, p = 0.58Jere similar in minnows as was
poststudy masg$ANOVA, two-tailed, df = 6, f = 0.98, p 0.44)and lengtHANOVA,

two-tailed, df = 6, f =0.87, p = 0.52)
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TABLE 1: MASS AND LENGTH DATA(MEAN + 1 SD) COLLECTED BEFORE ANDAFTER THE FOUR DAY RKE/TDS EXPOSURE CONDUCTEDN
THE SUMMEROF 2009AT THE UNIVERSITY OF SASKATCHEWAN.

Concentrations (mg/l)

Target total dissolved solids 250 1000 2000 4000 6000 8000 16000
Actual total dissolved solids* 270 990 2070 4130 6070 8000 17600

Initial mass (g) - no significant differences amoriggatments

Mean 1.7 1.6 1.1 15 1.2 1.0 1.7
SD 1.3 1.0 0.7 1.1 0.7 0.4 1.2
Final mass (g)- no significant differences among treatments

Mean 1.2 1.1 0.8 1.1 0.8 0.7 14
SD 0.9 0.8 0.5 0.7 0.6 0.3 1.0
Delta mass (Q)

Mean -0.5 -0.5 -0.3 -0.4 -0.4 -0.3 -0.3
Initial Length (cm) - no significant differences among treatments

Mean 5.6 5.6 5.0 55 5.1 5.1 5.4
SD 1.0 0.8 0.7 0.8 0.9 0.5 1.0
Final length (cm) - no significant differences among treatments

Mean 5.6 5.5 5.0 5.5 5.2 5.1 5.4
SD 1.0 0.9 0.7 0.9 0.8 0.5 1.0

Delta length (cm)

Mean 0.0 -0.1 0.0 0.0 0.1 0.0 0.0

*data analyzed by the Saskatchewan Research Council (SRC) fr«
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TABLE 2: MASS AND LENGTH DATA (MEAN + 1 SD) COLLECTED BEFORE ANDAFTER THE FOUR DAY WALLEYE/TDS EXPOSURE
CONDUCTED IN THE SUMMER OF2009AT THE UNIVERSITY OF SASKATCHEWAN.

Concentrations (mg/l)

Target total dissolved solids 250 1000 2000 4000 6000 8000 16000
Actual total dissolved solids* 213 938 2030 3860 5560 7530 15400
Initial mass (g) - no significant differences among treatments

Mean 0.7 0.7 0.8 0.6 0.7 0.6 0.7
SD 0.1 0.1 0.1 0.1 0.2 0.1 0.1
Final mass (g)- no significant differences among treatments

Mean 0.4 0.4 0.5 0.4 0.5 0.5 0.6
SD 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Delta mass (Q)

Mean -0.3 -0.3 -0.3 -0.2 -0.2 -0.1 -0.1
Initial Length (cm) - no significant differences among treatments

Mean 3.9 3.9 3.9 3.8 3.8 3.8 3.8
SD 0.4 0.2 0.1 0.4 0.2 0.3 0.2
Final length (cm) - no significantdifferences among treatments

Mean 3.9 3.9 3.9 3.8 3.8 3.9 3.8
SD 0.4 0.2 0.1 0.4 0.2 0.1 0.2

Delta length (cm)

Mean 0.0 0.0 0.0 0.0 0.1 0.1 0.0

*data analyzed by the Saskatchewan Research Council (SRC) fr«



15

TABLE 3: MASS AND LENGTH DATA(MEAN + 1 SD) COLLECTED BEFORE ANDAFTER THE FOUR DAY RTHEAD MINNOW/TDS EXPOSURE
CONDUCTED IN THE SUMMER OF2009AT THE UNIVERSITY OF SASKATCHEWAN.

Concentrations (mg/l)

Target total dissolved solids 250 1000 2000 4000 6000 8000 16000
Actual total dissolved solids* 281 1030 2030 4120 5970 7980 16100
Initial mass (@) - no significant differences among treatments

Mean 1.7 1.6 2.5 2.1 2.4 2.1 2.7
SD 0.9 0.8 1.5 0.9 1.0 0.8 1.8
Final mass (g)- no significantdifferences among treatments

Mean 1.7 15 2.4 2.0 2.3 2.0 2.5
SD 0.9 0.8 1.7 0.9 1.0 0.8 1.6
Delta mass (Q)

Mean 0.0 -0.1 -0.1 -0.1 -0.1 -0.1 -0.2
Initial Length (cm) - no significant differences among treatments

Mean 3.9 3.9 3.9 3.8 3.8 3.8 3.8
SD 0.4 0.2 0.1 0.4 0.2 0.3 0.2
Final length (cm) - no significant differences among treatments

Mean 3.9 3.9 3.9 3.8 3.8 3.9 3.8
SD 0.4 0.2 0.1 0.4 0.2 0.1 0.2

Delta length (cm)

Mean 0.0 0.0 0.0 0.0 0.1 0.1 0.0

* data analyzed byttta s k at chewan Research Counci l (SRC) from water

col
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3.1.2 WATER QUALITY

To verify thatwater quality parameters did not differ among treatmenteasdre
poor water quality did not confourde results temperature, dissolved oxygen, pH,
conductivity and TDS were recorded and compared among treatments (-&blast
expectedsignificant differences exist between all treatméotdoth conductivity
(KruskalWallis, H = 67.61, df = 6, n £0, p <0.001jnd TDS (KruskaWallis, two-
tailed,H = 67.61, df = 6, n = 10, p <0.00Bnalysis of dissolved oxygemsulted in no
significant diffeences among treatments (KrusWéllis, two-tailed,H = 9.45, df = 6, n
=10, p = 0.15), however bogiH and temp displyed some significant differences amo
treatments (Kruskalvallis, two-tailed,H = 60.73, df = 6, n = 10, p <0.001, H = 47.88,
df=6, p < 0.001, remztively,see Table 4 for paired comparispns

Similar to the pike studythe walleye study haglgnificart differences in the TDS
and conductivity measuremseramong all treatments (KrusRafallis, two-tailed,H =
67.61, df =6, n =10, p <0.001, H = 67.61, df =6, n = 10, p <Qr@8pectively.
Significant differencesvere also found idissolved oxygeiiKruskal Wallis, two-tailed,
H=32.72, df = 6, p <0.001pH (KruskalWallis, two-tailed H= 60.47, df = 6, p
<0.001) and temperature (Kruské&hllis, two-tailed,H = 48.11, df = 6, p <0.001}3ee
Table5 for paired comparisohs

As in the previous studg the fathead minnow exposure tsghificant differences
in the TDS and conductivity measurements among all treatments (Kruskal Matis,
tailed H=67.61, df =6, n =10, p <0.001, H = 67.61, df =6, n = 10, p <0.001,
respectively). Significant dérences were also fad in dissolved oxygen (Kruskal

Wallis, two-tailed,H = 24.35,df = 6, p <0.001), pH (Krusk&Vallis, two-tailed,H =
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51.37, df = 6, p <0.001) artdmperature (Kruskalallis, two-tailed H=46.72, df =6, p
<0.001) (see Table 6 fgaired comparisons).

To verify thatactual TDS values did not differ from predicted values, and to obtain
a detailed water chemistry profile, a water sample was collected from each tank and
combined into a single sample for each treatmdiiis process wsarepeated for all three

studies(see Appendixd'wo, Three and éur).

3.1.3 BEHAVIOURAL RESPONSES

Behavioural responses consisted of daily recordings of each fish for a period of five
minutes during which time spent moving was recorded. Resultsanatgzed using a
contrast repeated measures ANOVA which compares all treatment groups individually to
the control. The purpose for using the repeated measures ANOVA in this instance is to
increase statisticgower byincorporating measurements taken freath fish over a four
day period The repeated measured ANOVA will measure the impact of the various
levels of TDS using the repeated measure to account for a portion of the variance thus
providing a pvalue specific to the concentratiorResults indiate significanteductions
in movements opike exposedo all concentations of 2000 mg/l angreater(Figure 1,
ANOVA, two-tailed, df = 6, f = 3.764, p = 0.004al| post hoc tests p < 0.05).

Walleyebehavior wasess sensitive to TDS lelgewith no significant differences
noted in the analysis (Figure 2, ANOVA, taled, df =6, f=1.79, p = 0.13).
Minnows producd an intermediate respondemonstrating significant behavialr
changes in response®000 mg/l and 8000 mg/l (Figure 2N®VA, two-tailed, df = 6, f

= 2.781, p = 0.04, significant post hoc tes3.05, all others >0.05
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TABLE 4: WATER QUALITY DATA (MEAN + 1 SD)COLLECTED DURING THEFOURDAY PIKE EXPOSURE COIDUCTED IN THE SUMMER OF
2009AT THE UNIVERSITY OF SASKATCHEWAN (ALL COMPARISON TESTB AT @ = 0.05)

Concentrations (mg/l)

Target total dissolved solids 250 1000 2000 4000 6000 8000 16000
Actual total dissolved solids* 270 990 2070 4130 6070 8000 17600
Temperature (C)T - all treatments significantly different.

Mean 22.3 21.9 21.6 20.9 22.8 22.4 22.1
SD 0.3 0.4 0.7 0.1 0.2 0.4 0.3
Dissolved oxygen (%) no significant differences among treatments

Mean 90.9 91.0 91.1 91.2 90.6 91.0 91.6
SD 1.0 0.7 1.1 0.8 0.8 0.8 0.8
pH (pH units) T all comparisons differ except 8000 and 16000

Mean 7.9 8.3 8.5 8.7 8.7 8.8 8.8
SD 0.02 0.01 0.03 0.02 0.03 0.07 0.1
Conductivity (uS/cm) - all treatments significantly different from all others

Mean 417.97 1304.6 2431.2 4181.5 6250.0 7809.1 15564.8
SD 11.6 33.6 97.0 85.7 204.4 147.6 373.5
Total dissolved solids (mg/l)**- all treatments significantly different.

Mean 295.3 929.1 1740.8 3038.5 4369.1 5501.8 11041.7
SD 8.3 27.2 59.5 62.3 133.8 93.9 308.5
* data analyzed by the Saskatchewan Research C@8R&l)f r om wat er col |l ected at the studyods

** TDS collectedby YSI 85 (note: values are derived from conductivity assuming all ions are NACL and do not represent true TDS)
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TABLE 5: WATER QUALITY DATA (MEAN + 1 SD)COLLECTED DURING THEFOUR DAY WALLEYE EXPOSURE CONDUCTEDN THE SUMMER
OF 2009AT THE UNIVERSITY OF SASKATCHEWAN (ALL COMPARISON TEST® AT @ = 0.05)

Concentrations (mg/l)

Target total dissolved solids 250 1000 2000 4000 6000 8000 16000
Actual total dissolved solids* 213 938 2030 3860 5560 7530 15400
Temperature (C) - 250 and 6000 treatments equal all other paired comparisons significantly different

Mean 23.0 22.5 21.7 21.1 23.1 22.6 22.4
SD 0.4 0.5 0.8 0.2 0.2 0.3 0.2

Dissolvedoxygen (%)- 250and1000 differenfrom all, 6000 different from 8000 and 160@M000 different fron,000 and
16000.

Mean 93.1 93.5 94.0 94.1 93.7 94.0 94.1
SD 0.4 0.5 0.3 0.3 0.3 0.4 0.3
pH (pH units) - all treatments significantly different.

Mean 8.0 8.4 8.6 8.8 8.9 8.9 8.8
SD 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Conductivity (uS/cm) - all treatments significantly different.

Mean 345.2 1257.8 2384.4 3976.6 5650.7 7231.2 12885.9
SD 3.9 13.5 43.8 66.0 194.6 178.1 137.6
Total dissolved solids (mg/®* - all treatments significantly different.

Mean 240.5 885.3 1706.0 2877.6 3933.0 5072.2 9088.3
SD 2.8 11.0 27.0 56.9 139.7 120.7 87.6
*data analyzed by the Saskatchewan Research Council (SRC) fr «

** TDS collected byYSI 85 (note: values are derived from conductivity assuming all ions are NACL and do not represent true TDS)
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TABLE 6: WATER QUALITY DATA (MEAN + 1 SD)COLLECTED DURING THEFOURDAY FATHEAD MINNOW EXPOSURE CONDUCTED INTHE
SUMMER OF 2009AT THE UNIVERSITY OF SASKATCHEWAN (ALL COMPARISON TESTB® AT @ = 0.05)

Concentrations (mg/l)

Target total dissolved solids 250 1000 2000 4000 6000 8000 16000
Actual total dissolved solids* 281 1030 2030 4120 5970 7980 16100
Temperature (C)T - all treatments significantly different.

Mean 221 217 20.8 201 226 220 21.9
SD 0.3 05 1.0 0.2 0.4 0.3 0.5
Dissolved oxygen (%) no significant differences among treatments

Mean 91.5 92.0 93.0 92.9 92.3 92.6 92.2
SD 1.2 05 0.6 0.5 0.6 0.3 1.0
pH (pH units) 7 all comparisons differ except 8000 and 16000 differ significantly.

Mean 8.1 85 8.7 89 838 8.8 8.6
SD 0.1 0.01 0.01 0.01 0.1 0.01 0.2
Conductivity (uS/cm) - all treatments significantly different from all others

Mean 284.3 944.2 1663.8 3016.7 4216.8 5320.7 9411.8
SD 16.5 32.8 54.7 118.2 100.9 144.0 193.8
Total dissolved solids (mg/l)**- all treatments significantly different.

Mean 275 929.1 1740.8 3038.5 4369.1 5501.8 11041.7
SD 8.3 27.2 59.5 62.3 133.8 93.9 308.5
*data analyzed by the Saskatchewan Research Council ( SRC)

** TDS collected by YSI 85 (note: values are derived from conductivity assuming all ions are NACL and do not represBi®)true T
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Note: 16,000 mg/l treatment not shown due to high mortality.

* denotes statistically significant difference with control (250 mg/l).
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3.1.4LC50 CALCULATIONS

Experimental results demonstrated complete mortafipike in the 16,000 mg/I
treatment over the 96 hour periaéFigure 4for cumulative mortality in 16,000 mg/I
treatment. All other treatment groups displayed zero mortalityc@ations of the LC50
value used a LOGIT regression model and arrived at a 96 hour LC50 value of 11,627
mg/l (Figure 4) The 95% confidence limits for the LC50 value are relatively broad
(7544- 28,370 mg/l Figure § due to the fact that mortality weinom zero to 100% with
no treatments showing a median response (see Appevalfer complete list of
mortality probability vs. TDS concentrationHowever given the fact that mortality was
100% in 16,000 mgftreatment and 0% in 8000 mg/ke can assumtiie more logical
upper and lower limits would be betweg®0016,000 mg/I.

Analysis conducted in an identical fashion resultedwabeyel C50 value of
8316 mg/l 95% CI: B05- 17,353 mg/lsee Figure6, 8 and Appendix Three)Given
the fact that modlity was 100% in the 16,000 mg/l treatment we can once again assume
that itis the more logical upper limit

Analysis of the fathead minnow exposure data resulted in an LC50 value of 11,627
mg/l (95% CI: 7544 28,370 mg/l; Figure5, 9 and Appendix Fal for minnow (note:
due to identical mortality patterns pike and minnows shared identical values). Given the
fact that fathead minnow moralities mirrored that of the pike we can again assume the

more logical upper and lower limits would be between 8000 emd 16,000 mg/I.
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FIGURE 4: CUMULATIVE MORTALITY OF PIKE EXPOSED Td.6,000MG/L TDS OVER A 96
HOUR PERIOD
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FIGURE5: CUMULATIVE MORTALITY OF FATHEAD MINNOWS EXPOSED TAl6,000MG/L TDS
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Note: Blue box denotes@50, Green box denotes lowert®sonfidence limit of LC50,
Red boxdenotes upper 95% confidence limits
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3.2ZO00PLANKTON RESULTS
Samplesvereidentified to lowest possibltaxon resulting in ninggroups (see
Table 7 for complete list). The nine groups represented threespsilx families, nine
generaand five species (four groups identified to geanly). Of the nine groups four
were numerous enough to allow statistiestting. Along with the individuanalysis,

richness, eveness and diversity were also exanfiamedl groups

3.2.1SPECIES RESULTS

Unlike the fish study, all treatments were compared to 4000 mggbidstf 250
mg/l. This wasappropriate as the TDS level in Lake Lenore at the time of sampling and
testing was ~ 4000mig/ It is reasonable to assume, aughportecdby our datathat a
decrease in TDS can be just as harmful to zooplanktoniasra@ase, thus comparing all
values back to a controf 4000mg/l wasappropriate.

Analysis of the impactsf increasing and decreasing TDS©@eriodaphnia
indicated that all treatment grougigfered from the control of 4000mg#Figure 10,
KruskalWallis test, twetailed, H = 15.6df =6, p = 0.02 all paired comparisons < 0.05)
Paired comparisons between the initial sample and the control of 4000 mg/I showed no
significant decrease mbundanceover the four day perioMann Whitney test, two
tailed, W = 32.5, p = 0.35).

Daphniashowed similar results with all groups differing from the corgsaept
the 2000 mg/I treatmelfFigure 11, KuskalWallis test, twetailed,H = 2384,df =6, p

= 0.001 all paired comparisons < 0,08cept 2000 mg/l vs. contjolInitial densities of
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Daphniawere significantly higher than controls following the four day expo@ienn
Whitney test, twetailed, W = 40 p = 0.01).

Diacyclopsshowedslightly moretolerancewith controls differing from 250 mg/I,
2000 mg/l and 16,000 mgfrigure 12, KuskatWallis test, twetailed,H = 13.55,df = 6,
p = 0.04 significantdifferenceshetweem000 mg/l an®50 mg/l, 2000 and 16,0009/,
p < 0.05. Diacyclopsshowed no significant difference between initial and post study

controls (Mann Whitay test, twetailed, W = 34p = 0.21)

30 -
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20 - *

15 A

Individual count

*

[ 1

O L] L] L] L] L] L] L] L] 1

250 1000 2000 4000 6000 8000 16000 Initial

Total dissolved solids (mg/l)

FIGURE 10: MEAN ABUNDANCE (25™ AND 75™ PERCENTILE®)BY TREATMENT FOR
CERIODAPHNIA INCLUDING DENSITY OF INITIAL LAKE SAMPLES (NOTE: CONTROL EQUALS
4000MG/L, * EQUALS SIGNIFICANT DFFERENCE FROM CONTRLS).
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TABLE 7: TOTAL ABUNDANCE OF EACH TAXA REPRESENTED IN THE ®OPLANKTON LAKE LENORE TOTAL DISSOLVI STUDY INCLUDING
PRESTUDY DENSITY (INITIAL ) AND STATISTICAL ANAL YSIS. (ONLY HIGHLIGHTED GROUPS ANALYZED, * SIGNIFICANTLY DIFFERENT FROM
4000).N=4 FOR EACHTDSLEVEL?

Taxon Total dissolved solids (mg/l)
Order Family Genus species initial 250 1000 2000 4000 6000 8000 16000
Cladocera Bodminida  Bosmina longirostris 0 0 0 1 1 1 0 0
Chydoridae  Chydorus spp. 7 8 12 5 2 7 3 4
Daphinidae  Ceriodaphnia  spp. 92 50+ 56 43* 70 21* 25 3*
Daphnia pulex/pullicaria 2263 565 779 1201 1183 561 120+ 10*
Siddae Diaphansoma  spp. 24 7 10 2 4 0 1 1
Cyclopoida Cyclopidae Diacyclops thomasi 744 839 612 830 661 737 596 550
Cyclops varicans 0 0 0 0 1 0 70 0
Ectocyclops spp. 0 0 1 0 661 O 0 0
Calanaoida Diaptomidae Leptodiaptomus siciloids 799 768 587 666 697 811* 704 282

Larval stages of above spec{@gapilusLarvae) 33 29 19 24 22 19 14 15
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FIGURE 11: ABUNDANCE BY TREATMENT FORDAPHNIAINCLUDING DENSITY OFINITIAL

LAKE SAMPLES. (NOTE: CONTROL EQUALS4000MG/L, * EQUALS SIGNIFICANT DFFERENCE
FROM CONTROLY.

Results of thé.eptodiaptomusiemonstratethe most toleranceith significant
differences between contrasd 6000mg/l and 16,000 m@Aigure 13, KruskaWallis
test, twotailed, H =10.48, df 6, p = 0.11 all significant comparisons < 0.p5There
wereno significant differences between pesttidy controls anthitial samples (Mann

Whitney test, twetailed, W = 33, p = 0.30).
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FIGURE 12: INDIVIDUAL COUNT DATA BY TREATMENT FORDIACYCLOPSNCLUDING
DENSITY OF INITIAL LAKE SAMPLES(NOTE: CONTROL EQUALS4000MG/L, * EQUALS
SIGNIFICANT DIFFERENCE FROM CONTROLS.

Examination of th&Species Rhness andaccar@ BEvennessindicesshowed no
significanttreatment differences (Figure ,IdruskalWallis test, twetailed, H =5.73 df
=6, p =0.46and Figure 15H = 6.92, df = 6, p = 0.32 respectivehyg significant paired
comparisong Initial samples for both richness and ewess were not significantly

different from poststudy controls (Mann Whitney test, tvailed, W = 32, p = 0.40 and
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W =18, p = 0.06 respectively). Increased TDS valiesedS hannonod s
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FIGURE 13: INDIVIDUAL COUNT DATA BY TREATMENT FORLEPTODIAPTOMUSNCLUDING
DENSITY OF INITIAL LAKE SAMPLES(NOTE: CONTROL EQUALS4000MG/L, * EQUALS
SIGNIFICANT DIFFERENCE FROM CONTROLS.

Diversity Index with significant differenseseen in all level above tlwontrol of 4000
mg/l (Figure 16 KruskaltWallis test, twetailed, H = 14.64df =6, p =0.02, all paired
comparisons above 4000 mg/l significantly different). Diversity decddaseugh time
in the study controlas initial samples were significantlygher than posstudy controls

(Mann Whitney test, twaailed, W = 17, p = 0.04).
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FIGURE 14: COMPARISONS OF SPECIE RICHNESS BETWEEN REATMENTS (NOTE: CONTROL
EQUALS4000MG/L, * EQUALS SIGNIFICANT DFFERENCE FROM CONTRLS).
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4.0 Conclusion

With the exception of walleye, behaviour was found to be most sensitive of the two
variables in response to TDS. Results of the current study indicate behavioural
modification at TDS values as low as 2000 mg/l in pike and 6000 mg/l in minnows while
walleye behaviour remained unchanged at all levels. However, what remains to be
determined is the physiological cause of this decrease in movement and its consequences
to the individual. It is recommended that future studies examine the impacts of this
decreasd movement on feeding and other critical behaviours such gsradétor
responses. If it is determined that these activities can be adequately performed it can be
concluded that although a decrease in movement is noted it is likely to have minimal
impect to the individual. If, on the other hand, food or predatory stimulus fails to elicit
movement it could be concluded that the lack of movement could be detrimental to
individual health and population stability.

Results of the walleye LC50 were sliyhiower than values reported by Rawson
and Moore (1944). In their 1944 survey they regularly found walleye thriving in waters
with TDS levels between 10,000 and 15,000 mg/l. This difference may be attributed to
the fact that the walleye used in the eatrstudy were hesitant to feed and entered the
trial with lower body reserves than their wild counterpaitse LC50 value of 11, 627
mg/l for pike and minnowss higher than previous studies have documented with respect
to survival (Jacobsen et al. 2QRawson and Moore 1944Jacobsen et al. study
reportedsignificant pike mortality as low as 120@00 mg/l, while Rawson and Moore
were unable to collect minnows in waterbodies higher than 10,000 mg/I fBi%uld

be noted thalacobsen et al. (200d¥ed pike approximately half the siziethe fish in
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thisstudyand as previously indicated size does
TDS (Mojazi 2009) Specifically, Mojazi (2009) noted an increase in TDS tolerance with
an increase in sizdt should be noted as well that the ion composition would most likely
play a significant role in survival, thus TDS level alone cannot be used to gauge potential
impacts.

Relative to the fishes, zooplankton showed a diversity of responsesdasing
and decreasing TDiacyclopsproved to be the most resilient to increasing TDS with
no significant decline in individual count up to and including 16,000 nidiere was a
significant increase in number noted at 2000 mg/l and 250 riRgdin this we can
surmise thabDiacyclopsis resilient to increasesnd decreasaes TDS. This is supported
by Rawson and Moore (1944) who found Diacyclops in prairie lakes ranging from 3000
72,000 mg/l. Leptodiaptomuslisplayed a similar pattern of respongéh the only
significant decrease at 16,000 and an increase in numbers as TDS drops, though not
significantly. CeriodaphniaandDaphniaproved to be less tolerant to increasing and
decreasingevels withsignificantdeclinesfound at all levels (note &hnia did tolerate a
decrease to 2000 mg/lAgain, this relative intolerance to salinity is supported by
Hammer (1993) who found Daphnia and Ceriodaphnia in Canadian prairie lakes between
10,0001 20,000 mg/l and 500010,000 mg/l respectively.

Given aur species test results, the significdatline in diversity associated with
rising TDSis predictable.Overall, diversity significantlgeclinedat 6000 mg/l and
remainedsignificantly lowerin all higher treatments. Declines in diversitgre not
noted as TDS levels decreased. Tests of richness andessedid not produce

significant results in increasing or decreasing TDS levels.
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In conclusion, given the fact that Lake Lenore has only reached 8000 mg/l once in
the last 70 years and is currently axd¥t000 mg/l (see original proposal for history of
Lake Lenore TDS) nomminent or significant mortalitis expected in the pike, walleye
or minnow populations. It should be noted that the fathead minnow servedrasgate
in this study representingetorage fish community and istknown to inhabit Lake
Lenore. Several attempts by Fisheries and Oceans Canada to collect forage species for
the current study resulted in limited catch. Catches consisted of limited numbers of lowa
Darter Etheostomaxile), ninespinestickleback Pungitius pungitiusand brook
stickleback Culaea inconstarn)s

While plausibleincreases in TD$ the shortermare not likely to impact the fish
community futuredrought conditions resulting in a returnhigtoricaly highTDS leves
may tenporarily affect the zooplankton community. However it is extremely unlikely
that levels will reach 8000 mg/l or even 6000 mg/l in the near futuretemdd this
occurthe impacts to the zooplankton community would most likelyhort in duration
Their rapid reproductive cycle coupled with their reproductive mode (parthenogenesis)
makes them ideal candidateresponding to rapidnvironmental changes. This is
evidencedy the fact that many of the species found in Lake Lenccaran waters with
much higker salinity (Rawson and Moore 1944) including a populatioBaphnialiving

at 20,000 mg/l TDS in Middle Lake.
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Appendix one: Calculations used to mimic Lake Lenore ion ratios

Calcium 40.08 55.00

Chloride 35.453 92.08

Bicarbonate 61.016 361.73

Carbonate 60.008 40.36

Sulfate 96.056 2150.85

Recipe
dissolve
0.0673 ¢ CaCO3 Calcium Carbonate
0.1640 ¢ KCI Potassium Chloride
0.4980 ¢ NaHCO3 Sodium Bicarbonate
0.0232 ¢ NaCl Sodium Chloride
2.0844 ¢ MgS0O4 Magnesium Sulfate
0.0953 ¢ CaS0O4 Calcium Sulfate
1.0414 g Na2S04 Sodium Sulfate

in 1 L of 0 TDS water (18meg or equivalent)

Scale the solution up by adding proportionately more salt. Scale it doditutign.

an 8,000 TDS could be produced by doubling the weights per
a 16,000 TDS could beroducedoy quadrupling the weights per
1L

a 1:1 dilution should produce a 2,000 TDS

a 1:3 dilution should produce a 1,000 TDS

ANHYDRATE- HYDRATE CALCULATOR

MH20=

MH20=
Ma=
FW =
X=

Ma *(FW + 18.015X)
FW

Mass of hydrated compound (Q)

Mass of anhydrous compound (g)
Formula weight onhydratgg/mol)
Number of water molecules hydrated *

*for Na2SO3*5H20 X=5

ANHYDROUS TO HYDRATED



Molecular
Formula FW
Na2S03*5H20 158.11
EDTA*2H20 336.21
CuS0O4 159.61
Na2HPO4 141.96
HYDRATE TO ANHYDROUS
Molecular
Formula FW
Na2S03*5H20 158.11
EDTA*2H20 336.21
CuS0O4 159.605

Ma
62.045
50
25
480

~Noan o X

MH20 X
62.045 5
50 2
25 5

44

mass of hydrate
needed
MH20
97.3919
55.3583
39.1091
906.3905

mass of anhydrate
needed
Ma
39.5267
45.1604
15.9810



Appendix two: Logit relationship between juvenile pike mortality in response to
TDS concentration over a 96 hour period.

95% Confidence Limits for TDS concentratio

Mortality probability Mean Estimate Lower Bound Upper Bound

1 7479 -17328 10952
2 8114 -11763 11850
3 8489 -8606 12512
4 8758 -6430 13075
5 8969 -4789 13581
6 9143 -3487 14051
7 9292 -2417 14495
8 9422 -1516 14921
9 9538 -744 15331
10 9644 -73 15730
15 10061 2315 17592
20 10376 3804 19304
25 10635 4839 20912
30 10862 5614 22446
35 11068 6227 23931
40 11261 6733 25387
45 11446 7165 26836
50 11627 7547 28299
55 11808 7892 29797
60 11993 8214 31357
65 12186 8520 33013
70 12392 8821 34810
75 12619 9125 36815
80 12878 9444 39139
85 13193 9797 41986
90 13610 10223 45812
91 13715 10323 46780
92 13832 10432 47854
93 13962 10551 49062
94 14111 10683 50444
95 14285 10834 52066
96 14496 11011 54036
97 14765 11228 56557
98 15140 11519 60085

99 15775 11986 66081




Appendix three: Logit relationship between juvenile walleyanortality in
response to TDS concentration over a 96 hour period.

95% Confidence Limits for TDS concentratio

Mortality probability Mean Estimate Lower Bound Upper Bound

4090 -28,165 5845
1
2 4737 -21,354 6224
3 5119 -17,337 6458
4 5393 -14,465 6633
5 5608 -12,220 6776
6 5785 -10,372 6900
7 5937 -8,798 7012
8 6070 -7,426 7115
9 6188 -6,207 7212
10 6295 -5,111 7306
15 6721 -844 7769
20 7041 2,154 8332
25 7306 4,258 9168
30 7537 5,577 10418
35 7747 6,327 12002
40 7943 6,774 13738
45 8132 7,076 15530
50 8316 7,305 17353
55 8501 7,495 19214
60 8689 7,664 21139
65 8885 7,822 23164
70 9095 7,978 25342
75 9326 8,138 27751
80 9591 8,312 30519
85 9911 8,512 33879
90 10337 8,768 38353
91 10444 8,831 39481
92 10562 8,900 40728
93 10695 8,976 42126
94 10847 9,063 43725
95 11024 9,164 45596
926 11239 9,286 47863
97 11513 9,439 50756
98 11895 9,652 54794

99 12542 10,007 61629




Appendix four: Logit relationship between adult fathead minnow mortality in
response to TDSoncentration over a 96 hour period.

95% Confidence Limits for TDS concentratio

Mortality probability Mean Estimate Lower Bound Upper Bound

1 7479 -17328 10952
2 8114 -11763 11850
3 8489 -8606 12512
4 8758 -6430 13075
5 8969 -4789 13581
6 9143 -3487 14051
7 9292 -2417 14495
8 9422 -1516 14921
9 9538 -744 15331
10 9644 -73 15730
15 10061 2315 17592
20 10376 3804 19304
25 10635 4839 20912
30 10862 5614 22446
35 11068 6227 23931
40 11261 6733 25387
45 11446 7165 26836
50 11627 7547 28299
55 11808 7892 29797
60 11993 8214 31357
65 12186 8520 33013
70 12392 8821 34810
75 12619 9125 36815
80 12878 9444 39139
85 13193 9797 41986
90 13610 10223 45812
91 13715 10323 46780
92 13832 10432 47854
93 13962 10551 49062
94 14111 10683 50444
95 14285 10834 52066
96 14496 11011 54036
97 14765 11228 56557
98 15140 11519 60085

99 15775 11986 66081
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Appendix Five: Pike water parameters as analyzed by the Saskatchewan Research Council

Treatments Bicarbonate Calcium Carbonate Chloride Hydroxide Magnesium pH (pH units) Potassium Sodium
250 46 4.6 <1 6 <1 26 7.52 5.6 33
1000 111 9.5 <1 24 <1 108 7.97 21 122
2000 210 14 <1 62 <1 217 8.00 45 258
4000 353 22 19 91 <1 445 8.53 94 510
6000 447 31 64 160 <1 740 8.66 135 820
8000 576 40 91 211 <1 910 8.73 181 1000
16,000 983 63 242 1300 <1 1780 8.80 378 2540

Treatments Specific conductivitfuS/cm)  Sulfate Sum of ions Total alkalinity = Total hardness Nitrate Fluoride Total dissolved solids

250 427 150 274 38 118 2.6 0.01 270

1000 1360 580 976 91 468 0.58 0.01 990

2000 2580 1210 2020 172 927 0.35 0.02 2070
4000 4560 2510 4040 321 1880 0.71 0.02 4130
6000 6430 4300 6700 472 3120 0.35 0.03 6070
8000 8160 5300 8310 624 3840 0.35 0.04 8000
16,000 16600 10500 17800 1210 7480 0.35 0.06 17600

Note: Unless otherwise specified all measurements are in mg/l.

Note: Water was collected from each tank at the end of the study. Samples from each treatment were combined producing one set of
water quality/chemistry for each treatment.
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Appendix Six: Walleye water parameters as analyzed by the Saskatchewan Resea€uncil.

Treatments Bicarbonate Calcium Carbonate  Chloride Hydroxide Magnesium  pH (pH units) Potassium Sodium
250 41 35 <1 6 <1 24 7.40 5.2 24
1000 133 11 <1 27 <1 115 8.06 24 96
2000 246 21 6 51 <1 230 8.43 48 227
4000 400 33 53 112 <1 474 8.70 99 380
6000 495 33 96 156 <1 680 8.81 273 564
8000 576 20 122 215 <1 874 8.82 204 752
16,000 1010 16 252 423 <1 1870 8.84 428 1540

Treatments Specific conductivity (uS/cm) Sulfate Sum of ions Total alkalinity Total hardness Nitrate Fluoride Totaldissolved solids

250 363 120 224 34 107 0.22 0.02 213
1000 1340 560 996 109 500 0.35 0.02 938
2000 2580 1240 2070 212 998 0.22 0.02 2030
4000 4370 2380 3930 416 2030 0.22 0.03 3860
6000 5930 3500 5800 566 2880 0.22 0.03 5560
8000 7650 4400 7160 676 3640 0.26 0.04 7530
16,000 13700 9200 14700 1250 7730 0.26 0.05 15400

Note: Unless otherwise specified all measurements are in mg/I.

Note: Water was collected from each tank at the end of the study. Samples from each treatment were combined producing one set of
water quality/chemistry for each treatment.
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Appendix Seven Fathead minnowwater parameters as analyzed by the Saskatchewan Research Council.

Treatments Bicarbonate Calcium Carbonate Chloride Hydroxide Magnesium  pH(pH units) Potassium Sodium

250 50 5.2 <1 9 <1 34 7.42 7.4 31
1000 143 16 <1 30 <1 121 8.07 26 107
2000 254 30 7 55 <1 252 8.44 51 203
4000 411 60 59 114 <1 481 8.72 105 406
6000 445 23 62 178 <1 723 8.69 161 614
8000 503 14 100 232 <1 964 8.79 285 827
16,000 998 21 181 449 <1 1880 8.72 436 1630

Treatments Specific conductivitfus/cm) Sulfate Sum of ions Total alkalinity  Total hardness Nitrate Fluoride Total dissolved solids

250 466 170 307 41 153 0.18 0.01 281
1000 1420 610 1050 117 537 0.26 0.01 1030
2000 2510 1240 2090 220 1110 0.18 0.01 2030
4000 4560 2490 4130 435 2130 0.13 0.03 4120
6000 6260 3730 5940 469 3030 0.18 0.02 5970
8000 7930 4980 7910 578 4000 0.18 0.02 7980
16,000 14000 9640 15200 1120 7780 0.18 0.04 16100

Note: Unless otherwise specified all measurements are in mg/I.

Note: Water was collected from each tank at the end of the study. Samples from each treatment were combined producing one set of
water quality/chemistry for each treatment.



