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EXECUTIVE SUMMARY
The following report provides evidenaad estimates on the potential impact of
increasing salinity on thé.ake Lenoreaquaticcommunitydue toinflows from Houghton
Lake. Given current flow predictions and salinity levelsaxvdibwing into Lake Lenore
will result in one of three scenarios:
1) If all inflowing water mixes evenly within the south basin total dissolved solid
(TDS) levels will reach 5350 mg/l (1410 mg/l above current).
2) If all inflowing water mixes evenly witthe north and south basin TDS levels
will reach 4140 (200 mg/l above current).
3) If all inflowing water forms a separagalinelayer along the bottom of the
south basin that layer will be approximately 14,000 r(ig|000 mg/lI above
current).
If scenaios oneor twowere to occur little to no effect would be noted within the aquati
community ofLenore LakeThese preditons are based on the fact that all species within
Lake Lenore are saline tolerant and lamewn to occur within Saskatchewan lakes
higher salinities.This prediction is further supported by the fact that Lake Lenore has
been as high as 6000 mg/l as recently as 2005 withmwerknonsequencesdt scenario
three were to occur it would most likely cause significant disruption to the aquatic
community resulting in significant mortality displacement dfish within the saline
layer. Though this would cause significant miiieor displacemenit would be less
likely to cause disruption to the reproductive cycle of game or commercial species (pike,

walleye, perch and whitefish) as their reproduction occurs outside of the main lake or via



stockng efforts. It is more likelyto affect the reproductive cycle of forage fishes as their
spawning efforts are conducted within the lake itself.

Responses of the zooplankton community would be similar in that no change
would be expected if the scenarios one or two were to occur. \lowkscenario three
were to occur the portion of the lake with the elevated TDS would become uninhabitable
for the zooplankton community. However, unlike the fish, the zooplarddemunities
arelessdependent on the benthic portion of the lake andnare likely to occunear the
surface of the water, thus the impact to the population will be minimal though the benthic

habitat would be lost.



1.0INTRODUCTION TO TOTAL DISSOLVED SOLID TOXI CITY

The following document reviews the impg.of total dissolved solids on fish,
macroinvertebrates and fish habitat. The objective of this repore&itoate the
potential impact of rising levels of salinity on Lake Lengie&n the assumptions of the
volumes and concentrations of inflowiagline waters

Total dissolved solids can be defined, or measured, as the amount of inorganic
salts, organic matter and other dissolved materials in water (Véela@nell and Duffy
2007). The occurrence of total dissolved solids in freshwater systerhe tiam result of
local geology and climate or, anthropomorphic causes including industrial effluent,
changes to the water balance (i.e. limiting inflow, increased water use or increased
precipitation) or by intrusion cfaline waters (Web&3cannelland Duffy 2007). The
impacts of TDS on aquatic life are dependent on several factors including species, size,
life history, ion ratio and method and timing of introduction (see Table 1 and 2 for
summary of TDS impacts on fishes and invertebrates respectiWlyije various types
of TDS (salts, organics, etc) can impact aquatic communities, the definition and impacts
examined herein will be limited to a mix of cations and anions.

Total dissolved solids cause toxicttyough increases in salinity, changeshie
ionic composition of the water, or toxicity of certain iofi$ie increase daalinity in the
external environmental leads to excess water loss im¥isicomingthe fishes ability to
osmoregulate thus leadingdehydration and deatfithe known impacts of TDS as
outlined in Tables 1 an2lmay result in changes to community structure, limits to
biodiversity, exclusion of lestlerant species (i.e. mortality) and varioygds of acute

or chronic impacts to life history. However, the effects of TDS on aquatic organisms are



dependent on several factors and thus are difficult to predhiaiiarly, the specific

manner in which incoming saline waters will or will not mix wilie relatively fresher

lake is also hard to predict.

For the purposes of this report three assuscedariosvere considered.
1) If all inflowing water mixes evenly within the south basin total dissolved solid
(TDS) levels will reach 5350 mg/l (1410 rhgbove current).
2) If all inflowing water mixes evenly with the north and south basin TDS levels
will reach 4140 (200 mg/l above current).
3) If all inflowing water forms a separate saline layer along the bottom of the
south basin that layer will be pximately 14,000 mg/l (10,000 mg/l above

current).



TABLE 1: SUMMARY OF KNOWN LITERATURE ON THE IMPACTS OF TOTAL DISSOLVEDSOLIDS ON FRESHWATERFISHES(FISH KNOWN TO
OCCUR INLAKE LENORE BOLDED.

Species Effects Total dissolved Author
solid
Murray hardyhead
(Craterocephalus -Demonstrate local adaptation to salinity 6500 mg/l (NACL) Wedderburn and Walker 200¢
fluviatilis)
- Disruption of osmoregulation 7500 mg/l (NACL)
- Impacts on behaviour 7500 mg/l
Common carp - LC50 with no acclimation 11715 mg/l
(Cyprinus carpio) - LC50 with acclimation 13070 Whiterod and Walker 2006
- 93% mortality with or without 2400 mg/l (NACL)
acclimations
- 30% mortality without acclimation 1600 mg/I
- 10g individuals havsignificantly 2400 mg/l
Juvenile white sturgeon increased mortality relative to 30g
(Acipenser transmontanus, individuals Mojazi et al. 2009
- Decreased locomotor activity 400 mg/l (NACL)

Goldfish - No affect on weight gain or length 400 mg/l




(Carassius auratus)

- Significant impact on feedg and weight
gain

800-1000 mg/I

Luz 2007

Walleye - No impact on mortality when combined 1000 mg/I Wilson and Nagler 2006
(Sander vitreus) with thermal stress (34C)

Northern pike larvae

(Esox luciug - Decreased gowth 590 mg/l Engstrom-Ost etl. 2005

Northern Pike fry

- Fry 37 mm in length had significantly

12001400 mg/I

(Esox luciug higher mortality then 21 mm individuals 11201220 mg/l
- lowest LC50 at 10°C 1300 mg/I
- 100% mortality 1200 mg/I
- Mortality was significantly faster at 18
°C than 10 or14°C. Jacobsen et al. 2007
Northern Pike fry 96 Hr LC50 using Lake Lenore ionratio 11,627 mg/l
(Esox luciug
Walleye fry 96 Hr LC50 using Lake Lenore ion ratio 8,316 mg/I
(Sander vitreus)
Fathead minnow 96 Hr LC50 using Lake Lenore ionratio 11,627 mg/l Pollock et al. 2010

(Pimephales promelas)

Fathead minnow

Saline tolerant

10, 000 mg/|




(Pimephales Promelgs

Walleye
(Sander vitreus)

Brook stickleback

(Culaea inconstans)

Nine spine stickleback
(Pungitius pungitiug

Whitefish

(Coregonus clupeaformis

Saline tolerant

Saline tolerant

Saline tolerant

Saline tolerant

(naturally
occurring)

10- 15,000 mg/I

10, 000 mg/I

20, 000 mg/l

15,000 mg/I

Rawn and Moore 1944.

Juvenile rainbow trout
(Oncorhynchus mykiys

No significant mortality

2000 mg/I
(synthetic ratio of
ions)

Chapman et al. 2000

Arctic grayling

(Thymallus arcticups

Dolly Varden

(Salvelinus malma)

LOEC

LOEC

2542782 mg/l

1800 mg/I

Brix and Grosell 2005




2.0REVIEW OF IMPACTS OF TOTAL DISSOLVED SOLI DS ON FISHES

The first steps in understanding the impacts of TDS on a species are often an
LC50 study. The purpose of the LC5Qagletermine the concentration at whia®o of
a population will die. This concentration is then considered detrimental to the population
and if possible exposure should be avoided. To address the impacts of TDS specific to
Lake Lenore (i.e. some ionic compositiahg University of Saskatcheam (U of S)
conducted a series 66 hour LC50 studies examining the impacts of a range of TDS
values on juvenile walleye and pike and adult fathead minii@wltock et al. 2010)
Pike and fathead minnows were found to have an identical LC50 of 11,6R vimtg
walleye had a lower LC50 value of 8,316 mg/l. As mentioned, the impacts of TDS on
fish are hard to predict thus the U oisSontinuingto studysome of the factors that can
i nfl uence atoleratsnbréasesiaDDSI i ty t o

For exampleYWedderburn and Walke2Q08 found that the ability of a species of
hardyheadCraterocephalusfluviatilis) to adapt to a saline environment was dependent
on the salinity of their native lakes. Fish collected from lakes with relatively high salinity
wereable to successfully osmoregulate at higher levels of TDS in a laboratory setting
when compared with the same species of hardyhead originating from a low saline
environment. Similarly fishes are better able to successfully osmoregulate at higher
levels @ TDS if given a period of acclimationhiterod and Walkef2006) found that
goldfish (Carassius auratysexposed to high levels of TDS (>10,000 mg/l) without the
benefit of an acclimation period had an LC 50 value that was 10% higher than specimens
exposed to a slow rise in TDS over a 48 hour period. A similar stud§ydyzzi et al.

(2009) found thatyvenile white sturgeofAcipenser transmontanybkad significantly
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higher mortality when denied adequate time to acclimate to rising levels of TDS.
Comparable to the increase in survival associated with acclimation is the greater ability
of larger individuals to survive rising levels of TDS relative to their smaller counterparts.

In Mojazi et al. (2009) examining white sturgeon it was noted that yotHtige
year 10 g in size had significantly higher mortality than their 30g counterpactshsen
et al.(2007) demonstrated a similar survival disparity in northern pikgEsox luciuy
with 37 mm individuals showing significantly higher survival tham2n subjects when
exposed to 1260400 mg/l TDS. Though not as extensively studied when compared
with impacts of acclimation, length even when age is controlled, has a significant impact
on a fishdés ability to sur vamnethedethali se i n TDS
impacts of TDS, an equal number examine thelatral effects (EC50) documenting the
level at which individuals first demonstrate a significant difference in a given variable
(growth, behaviour, etc) relative to a control.

One of the lest studied areas of response to TDS is behaviour. In studies by
Whiterod and Walkeg2006 and Luz (2007) it was demonstrated that the common carp
(Cyprinus carpi@ and goldfish had significant decreases in locomotor activety
before individuals reded their LC50. In the Whiterod and Walker study the common
carp demonstrated decreased movement at 7500argylel much lower than the
acclimated LC50 of 13, 017 mg/l. Luz (2007) demonstrated a similar effect in goldfish
with decreased movement atd4dg/l and with no physiological effects until levels
reached 800 mg/IThe previously mentioned U of S study also examined the impact of
TDS on movement and found pike to be most sensitive with decreased movement at 2000

mg/l, while fathead minnows shod@ significant decrease at 6000 and walleye
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displaying no decrease in movement as high as 8000 mg/l (Pollock et al. ZXN®&.
the apparent sensitivity of behaviour and its importance in foraging, predator/prey
interactions and reproduction (Pitche©BY it seems aanderutilizedcomponent of TDS
studies. Perhaps the most well studied area of TDS research is that of growth.

Similar tobehavior the levels of TDS that impact growth are much lower than
reported LC50s. For example, Luz (20@a)nd impacts of feeding behaviour and
growth at 800 mg/l in goldfish well below the values commonly known to cause
mortality in fishes (see Table 1). SimilarBngstromOstet al. (2005) found decreased
growth in northern pike larvae at 590 m@/lvaluemuch lower than the reported 3000
mg/l they are known to thrive in (Rawson and Moore 1944). Similar to other such
studiesPalacios and Salgadbarcia (2008found growth effects at levels well below
those needed for survival. The studyNdgrtinezusing juvenile blacknose ibversides
demonstrated optimum growth occurring between 5 and 15 PSU even though fry were
able to survive in levels as high as 25 PSU given appropriate acclimation. One final area
of study common in examination of the impacts of TiD&e relationship between LC50
and temperature.

In many cases a rise in temperature appears to not have a significant impact on the
ability to survive high TDS levels while in others it is a significant factor. For example,
in a study bywilson and Naler (2006 examining walleygSander vitreusit was
demonstrated that a rise in temperature as high as 34 °C did not increase mortality in
walleye exposed to 1000 mg/l. It should be noted that walleye are able to thrive and
adapt to TDS levels much high(between 500Q0,000 mg/l, Rawson and Moore 1944).

A study byJacobsen et 82007 demonstrated a relationship between mortality,
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temperature and TDS showing that pikes exposed to 1200 mg/l reached their LC50
significantly faster at 18 °C than indduals exposed to the same levels of TDS at 10 °C.
Perhaps the least understood area of TDS research as it pertains to fish is the
importance of the ions present. The vast majority of studies examining TDS consider
only increasing or decreasing levelssoflium chloride with few studies investigating
other ions or ion ratios. Interestingly, significant effects have been noted in the single
published study available considering the ratio and type of ions. In a study by Mount et
al (1997) it was noted th#tte TDS tolerance of the fathead minnow was betvgdén
2000 mg/ldepending on the ion ratio used, with sulphate proving particularly toxic.
Along with the studies reported above, which are primarily laboratory based,
several observations have beead®a in the field with respect to the tolerance of fishes to
TDS. A recent study bpiggins and Wilde 2005 ranked southern prairie fishes with
respect tealinity tolerance In their study, theyxamined 44 species fishesin 13
families at 34 sites whin the Red River drainage in TexaBhe TDS levels among all
sites sampled rangdébm 23k 46,552 mg/l Following a multivariate analysis, which
incorporated several factors, it was noted that fishes fell into three groupings. Starting
with the mostalerant group consisting of the red riyarpfish(Cyprinodon
rubrofluviatilis) andthe plainkillifish (Fundulus Zebrinus the plains minnow
(Hybognathus placitysredriver shiner(Notropis baird), emerald shinefNotropis
antherinoideyand speckleghub(Macrhybopsis aestivaljsiemonstratedhoderate
tolerance whilghered shine(Cyprinella lutrensi$, westernmosquitofish(Gambusia
affinis), greensunfish(Lepomis cyanellyslongear sunfishLepomis megalot)¢fathead

minnow and bullhead minno{®Pimephales vigilaxhad low toleranceOf the few field



13

studies examining TDS one stands out as the only available source on the tolerance of
common species of Saskatchewan fishes.

In their 1944 study Rawson and Moore published a list of fish spedliested
from saline lakes around Saskatchewan (Figure 1). In summary, Rawson and Moore
found that most Saskatchewan species tolerate at least 3000 mg/l and eight species go
beyond 7000 mg/l. Four species, the fathead minnow, the lowa d&tiepgtora exile
and two species of sticklebackaufgitius pungitiugndCulaea inconstarsexceed
10,000 mg/l. Further, the nirspined stickleback survives in little Quill Lake at 20,000
mg/l while studies of Redberry Lake have shown that both whitefish allelye/appear
to thrive in salinities at 15,000 mgl/I.

In conclusion, fishes native to Lake Lenore are relatively saline tolerant and
would most likely show no ipact should TDS levels rise by as much as 1410 mg/
(scenario one: mixing within south basin) and certainly no effect for a rise of 200 mg/l
(option 2: mxing within the north and south basin). Howewee, can expect significant
changes to the fish commity if scenariothree werdo occur(isolated unmixed saline
layer on the bottom of the lake) causing a rise in salinity along portions of the benthic
region as high as 14,000 mg/l.

Forgame (pike, walleye and perch) and commercial (white fish) spibeiss
changes could include mortality migrationto the north basin. Given the fact that game
and commercial species spawn in tributaries one would not expect impacts to
reproduction though habitat for yowodrthe-year within the lake would be limidedue to
the saline contamination. One may expect reproductive effects on forage fish due to the

fact that the majority of the reproductive effort is within the lake body itself. However,
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the majority of this effort is made within the littoral zone whilexpected to remain
free of the saline laygdohnMark Davies Personal Communicatiorfjurther to this the
foragespecies known to imhabitLake Lenorglowa darters, brook stickleback and
nine-spine sticklebackare extremely saline tolerafsee Figure 1).

To answer questions specific to Lake Lenore argktter predict the impact of
increased salinitpn thefish communitythe following questions should be addressed:
1) An updatedspecies list folLake Lenore, and indication of species for which we@dn
know salinity tolerance.

2) Knowledge on thgearrounddistribution of fish (species and abundance) in the
North vs South basinsAt present very limited knowledge exists on this topic and is
anecdotain nature (.e. Perch angbike can be foud in the North Lake rophypike,
walleye, and whitefish in the big lake, and smaller walleye in the sma)l lake

(http://www.saskbiz.ca/communityprofiles/CommunityProfile.Asp? CommunitylD¥574

3) By species, Wat criticallife stages occur in the South basin vs the North or outside the
lake?

4) By species, what is the capadityelihood of fish to migrate away from the elevated
TDS. How far would they need to migrate?

5) Macrophytes are an important component df FabitatDo we know the species
presence, distribution and abundance of macrophytes within South, South vséorth?
we know macrophytwlerance and what impacts might B&hould algae be considered

as well? The diversity of macrophytes is known tacosase with increasing TDS
elsewherebut the effectsf previous TDS peaks on current macrophyte

species/abundance/distribution is likely unknown.


http://www.saskbiz.ca/communityprofiles/CommunityProfile.Asp?CommunityID=574

SPECIES OF FISH

BLACK-FIN CISCO
Leucichthys nigripinnis, .

TULLIBRE X
L. artedi tillibee...oo.o..

WHITEFISH R
Coregonus clupeaformis. .

LAKE TROUT
Cristivomer namaycush, ..

BUFFALD FISH
Mepastomaiobus cyprinella

RED HORSE
Moxostoma aurcolunt. , .,

COMMON SUCKER .
Catostomits commersonii .

NORTHERN SUCKER

Catostomus calosiomns., ... -

LONG-NOSED DACE
Rhinichthys cataractac . ..

NORTHERN DACE
Margariscus margarita. ..

FATHEAD MINNOW
Pimephales promelas, .. .

BLACK-NDSED SHINER
Notropis helerolepis . ...

SPOT-TAILED MINNOW
Nolropis hudsonins. .. ...

LAKE SHINER
Notropis atherinoides. ...

NORTHERN MKE
Esox Ieits. .coviavvarns

TROUT PERCH
Percopsis ontisca-maycus.

YELLOW PERCH
Perca flavescens, ...

PICKEREL (PIKE-PERCH)
Stizostedion vilreum . .. ..

1I0WA DARTER
Poecilichthys exilis. .. ...

JOMNNY DARTER
Boleosoma nigram, ..., ..

MILLERS THUME
Coltus cograites. ..ovvuu.

FIVE SPINED STICKLEBACK
Eucalia inconstans, ... ..

KINE SPINED STICKLEBACK
Pungitins pungitins. .. ..

LING {(BURDOT)
Lotg meculosa..........

Fie. 9. The distribution of fish with reference te salinity in 60 lakes.
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FIGURE 1: TAKEN AS ISFROM RAWSON AND MOORE(1944)PUBLICATION ON THE SALINE
LAKES OF SASKATCHEWAN.
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3.0 MPACT OF TOTAL DISSOLVE D SOLIDS ON AVAILABL E HABITAT AND FORAGE

Along with the direct impacts of TDS on fish and plankton commurnigitee
potential for impact on aquatic habitdto better understand these impacts the spawning
and foraging needs of the species known to iithatke Lenore are included ifable2.
While TDS will not destroy habitat per se it may render portions of the lake inhabitable,
particularly if scenario three as described above occurs (incoming saline wegaoto
mix but instead form a layer on thettom of the lake)If scenarios one or two occur
there would be minimal to no impact on habitat or food resources for fishes. However, if
scenario three were to occur we can predict that a significant portion of the benthic
habitat will become unusablés previously mentioned this will most likely result in a
migration of game and commercgdecies buwvill not interrupt the reproductive cycle.
Similarly, we expect little impact on the plankton community should scenario three occur
due to the tranent nature of the population and their lack of dependence on the benthic
habitat. Scenario three may interrupt the reproductive cycle of the forage fishes;
however, because the majority of their reproductive effort is put into the littoral zone
these impcts should be minimalSimilarly to the other fish species it is suspected that
forage fishes will migrataway from contaminated areas and will not suffer significant

mortality.
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TABLE 2: SPAWNING CHARACTERISTCS AND DIET OF KNOWN FISH SPECIESVITHIN LAKE

LENORE
Spawn Site Characteristics Diet
Sport fish
Spawning occurs in spring (6
Walleye 10°C) in gravel/rocks in Forage fish and larger

(Sander vitreus

tributary streams*

macroinvertebrates

Spawningoccurs in spring (&0

Pike °C) in vegetated tributarieend | Forage fish and larger

(Esox luciu} marshes macroinvertebrates
Spawningoccurs in spring6-10

Perch °C) in vegetated areas2m

(Perca flavescens deep within the lake Fish, Macroinvertebrates

Commerdal fish

Whitefish Spawning occurs in fall (510

(Coregonuglupeaformi3

°C) in gravel/rocks in tributaes

Forage fish, fish eggs, aquatic
insect larvae, clams, snails and
plankton.

Foragefish

Habitat is weedy shorelines.

Spawning early Mayarly July | Aquatic insect larvge

in macrophytes or pebble crustaceansand occasional fish
lowa Darter cobble in shallow water near | eggs A significant proportion of

(Etheostoma exi)e

shoreline.

food is midwater rather than
benthic.

Brook Stickleback
(Culaea inconstans

Habitat 5 weedy shorelines.
June spawner in algal nest
attached to macrophytes near
bottom. In many streams
undergo local migrations as
water levels change.

Feeds on or near bottom on
aguatic insed, crustaceans
filamentous algaeand fish eggs
and hatchlings

Nine-Spine Stickleback
(Pungitius pungitiuk

Habitat is open water. Coasta
populations are anadromous a
migratory, therefore evidence
for salinity tolerance and
migration capability.

Feeds mainly on benthic
crustaceans and aquatic insects
plankton area minor component.




18

4.0 REVIEW OF IMPACTS OF TOTAL DISSOLVED SOLI DS ON PLANKTON

Similar to fisheies the impacts of TDS dnvertebrates are variehd range from
individual effects to impacts agntire communitiesAlthough many of the species
reviewed do not occur in Lake Lenore the impacts to the differing facets of the aquatic
community and the manner in which it impacts ecological health and trophic interactions
still apply. Unlike fisheriesthe majority of studies on the impact of TDS on invertebrates
focus on impacts to entire invertebrate communities with few studies focusing on an
individual species. For example, several studies have investigated the relationship
between TDS and the digtution and diversity of invertebrate communities.

Most studies that examine TDS impacts focus on relatively high levels, however,
a study by Metzleleng (1993) identified a significant change in community structure in
values as low as 51100 mg/l. Mosstudies, such as Vershuren et al. (2000) examined
multiple aquatic environments ranging in TDS from-B@0 mg/l and demonstrated,
through a multivariate analysis, that 51% of variance in macroinvertebrates could be
explained by TDS levels. They furthexamined each species using a univariate analysis
and found that 23% of the species examined responded significantly to a moderate
increase in salinity. Similarly, when examining TDS impacts on invertebrate density in a
natural environment (range 27013360 mg/l) Boultaon et al. (2007) found that
intermediate levels of TDS resulted in the highest diversity and density of species. This
data is supported by Piscart and Lecerf (2005) who investigated systems between 210
2600 mg/l and found that annulipalcaddisflies) prefer median valudBiscart et al.
(2009 further documents that the higher the TDS the more likely it is that an exotic or

invasive species will be favoured.
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TABLE 3: LITERATURE SUMMARY OFIMPACTS OF TOTAL DISSOLVED SOLIDS ON BENHIC MACROINVERTEBRATES

Taxa

Effect Total dissolved solid

Authors

Community level
effects

In multivariate analysis salinity explained 51% oi 142- 8000 mg/l.
distribution in macroinvertebrates

In univariate analysis 23% of species responded
significantly to salirty

Vershuren et al. 2000

Cloeonsp., 100% mortality 5000 mg/I Hassell et al. 2006
Centroptilumsp., 21 day LC50 450-1440 mg/l

100% mortality 5000 mg/I Hassell et al. 2006

0% emergence 10,000 mg/I
Chironomussp Significant decline in growth 500-7500 mg/I

Affected drift 5000 mg/l Blasiusa and Merrittb 2002
Gammurussp. 96h LC50 7700 mg/l

Blasiusa and Merrittb 2002

Limnephilidae 96h LC50 3526 mg/I

Community level
effects

Found a peak in benthic invertebraendity at 270to 17, 860 mg/l
intermediate salinity levels

Boultaon et al. 2007
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Taxa Effect Total dissolved solid Authors

Community level Found that increasing salinity affected species 2102600 mg/I Piscart et al. 2005
effects composition favoring exotic species

Annulipalpia Highest diversity at midange salinity 210-2600 mg/I Piscart and Lecerf 2005
(Caddisflies)

macroinvertebrate
zooplankton and
planktivores

Most abundant in mesohaline lakes

4000 to 15000 mg/l  Wollheim and Lovvorn 1995

Effects on large graze dominant in oligosaline lakes 400-4000 mg/l Wollheim and Lovvorn 1995
detritivores
(gastropods and
amphipods)
Ephydra and Dominant high salinity sites >10000 mg/l Short et al. 1991
Culicoides
Ephemeropterans Absent from saline environments >2000 mg/l Shortet al. 1991
Positive relationship between increase in salinity 6000 mg/I Santangelo et al. 2008

Moina micrura

and density in field but not the laboratory
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Taxa Effect Total dissolved solid Authors
Community level Found significant changes in reproductive and 2102600 mg/I Piscart et al. 2006
effects feeding groups as saiin increased

No differences between treatments in &h96C50 SO, HCO® and Zalizniak et al. 2006
with five ion ratios on six invertebrate species ~ CO?.

Long term subethal impacts with a specific cd*, HCO* and
response to Ga CO>%.
Community level
effects cd* and Md¢*
Community level Found significant changes in community structur 51 to 1100 mg/I Metzleleng 1993
effects associated with salinity
29-31 species prené 31005550 mg/l Hammer et al. 1990
Significant decline in species presence 15000 mg/

Community level
effects 1-2 species present 100,000 mg/I
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Several studies have further documented the preference of specific taxa with respect to
salinity. Wollheim and_.ovvorn (19%) found that zooplankton and planktivores are most
abundant at levels between 4008000 mg/l, while gastropods and amphipods dominant
environments with levels of 4640000 mg/l. Specific genera suchigshydraandCulicoides
have also been found at hilglvels of TDS(>10,000 mg/l) while others such as
Ephemeropterarare absent at levels above 2000 nj8Hort et al. 1991). In a study relevant to
Saskatchewan watetdammer et al. 1990 found 28 species present at TDS values 1
5550 mg/l, witha significant decline in numbers at values greater than 15,000, and only two
species at values greater than 100,000 mg/l. To complement their work on taxonomic
differences Piscart et al. (2006) also demonstrated changes in reproductive and feedirasgroups
salinity increases frora10-2600mg/I. While the majority of studies are conducted on groups or
communities there has also been significant study on specific species responses to TDS.

In perhaps the most widely used invertebrate in toxicoldagsellet al. 2006
demonstrated th&hironomussp, had delayed growth at levels between-3600 mg/l, failed to
emerge at 5000 mg/l and displayed 100% mortality to TDS levels of 10,000mg/l. In the same
studyCloeonsp.displayed 100% mortality at 5000mg/l whentroptilumsp. produced an
LC50 of 1000 mg/lflassellet al. 2006) Similar LC50 studies conducted Gammurussp.
resulted in values of 7700 mg/l, while Limnephilidae suffered 50% mortality at levels as low as
3526 mg/l. This collection of LC50 stwdi documents the significant variation in organisms
ability to tolerate salinity levels. As was the case in section 1.1 we will use the seminal works of
Rawson and Moore (1944) to put these values in context with respect to Saskatchewan species

and watenays (Figures 2, 3 and 4).
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FIGURE 2: DISTRIBUTION OF MACRAONVERTEBRATES WITH RESPECT TO SALINITY AKEN FROM
RAWSON AND MOORE(1994).
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TABLE X

OCCURRERCE OF ENTOMOSTRACA IN LAKES OF VARYING SALINITIES

Tatal solids in p.p.m.
100- | 200~ } 460— | 700- | 1000~ 2000- ] 5000~ 110,000-20,000- 120,000
200 400 700 1000 | 2000 | 5000 | 10,000 | 20,000 [ 30,000 !
Phytlopoda
Artemia salina X
Cladocera
Sida ¢rysialling ~ X
Diaphanosome
teuchienbergionum X X X x Y X X X
Duphnia pulex xX X X X X X
Daphniu longispine X X X X X X X x X X
Simocephalus vetulns X = X X
Scaphaleberis mucronafa X X x X
Ceriodaphnia quadranguln X X X X X
Bosminag oblusivosiris X X X X X X X X
Eurycercus lamellaius x X X
Alona cosiaia X X X X X X
Alona reclangula X x
Graploleberis lestudinaria X X
Plenroxus denticulatus e X X X X
Chydorus sphaericis X X X X X X X x
Chydorus gibbus X X
Polyphemus pediculus X X X
, Leptodora kindtii X X X he x
Copepoda
Dioplomus fennicondains x x x X X X X X X
Diaplomas oregonensis X X
Diaplomus shoshone X
Diaptomus siciloides X X X X
Cyclops viridis X X X X X X X he X
Cyclops bicuspidatus X x X x X x
Cyclops leucharti X X X x
Cyeclops slbidus x X X X
Cyclops serrulatus x x X X X X
Cwelops fimbriatus X X x
Cletoramptus albuguerquensis x X
Looghonte mokanmed X X X X .
2ly high levels

FIGURE 3: DISTRIBUTION OFPHYLLOPODS, CLADOCERANS AND COPEPODES WITH RESPECTO
SALINITY (TAKEN FROM RAWSON AND MOORE1944).
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From the examination of deRsmmmationscaabednadeloor e 0 s

First macroinvertebrates and plankton, as a group, are able to tolerate higher levels of TDS when
compared to Saskatchewan fishes. Second, there is much more variation when species tolerance
are examined. For these reasonsdmn of the model species for the current study is perhaps
more crucial to the outcome of the study relative to the fish portion.

To examine plankton of specific importance to Lake Lenore the U of S conducted a field
study exposing plankton ptured wthin Lake Lenore towarying levels of TDS (Tablé).
Relative to the fishes, zooplankton showed a diversity of responses to increasing and decreasing
TDS. Diacyclopsproved to be the most resilient to increasing TDS with no significant decline in
individual count up to and including 16,000 mg/l. There was a significant increase in number
noted at 2000 mg/l and 250 mg/l. From this we can surmis®taeyclopsis resilient to
increases and decreases in TDS. This is supported by Rawson and Moorev{i®#t)nd
Diacyclops in prairie lakes ranging from 3000,000 mg/Il. Leptodiaptomuslisplayed a similar
pattern of response with the only significant decrease at 16,000 and an increase in numbers as
TDS drops, though not significantlfCeriodaphniaandDaphniaproved to be less tolerant to
increasing and decreasing levels with significant declines found at all levels (note Daphnia did
tolerate a decrease to 2000 mg/l). Again, this relative intolerance to salinity is supported by
Hammer (1993) who founDaphnia and Ceriodaphnia in Canadian prairie lakes between 10,000
T 20,000 mg/l and 5000 10,000 mg/I respectively.

In conclusion given our species test resu{f&able4), the significant decline in diversity
associated with rising TDS is predictabl@verall, diversity significantly declined at 6000 mg/I
and remained significantly lowar all higher treatments. Should scenarios one or two occur we

would predict little to no impact on the plankton community. However, similar to the fish
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prediction,if an isolated saline layer was to develop along the benthic region with TDS values as
high as 14,000 mg(bs predicted in scenario thyeme would predict likely mortality or
migration away from the area. Unlike the fish, the plankton are not depemdtr@ benthic
region as much as the fish. Thus a simple vertical migration may take the plankton out of the
contaminated saline layer with little harm to the population.

To answer questions specific to Lake Lenore artzktter predict the impact of increased
salinity onthe macroinvertebrate communitige following questions should be addressed:
1) An updatedspecies list folLake Lenore, and indication of species for which we@dn k n o w
salinity tolerance.This should include eommunityanalysis ofrelativeabundance of each
species.
2) Knowledge on thgearrounddistribution ofzooplanktonspecies and abundance) in the
North vs South basin®Note: U of S sample was collected in fall of 2G0®Imay not
necessarilyepresent all seasons or years)
3) By species, what is the capadifelihood of planktonto migrate away from the elevated
TDS. How far would they need to migrate?
4) Macrophytes are an important componergamplankton distributiorDo we know the
species presence, distribution and abundance of macrophytes within South, South vB&orth?
we know macrophyt®lerance and what impacts might B&hould algae be considered as
well? The diversity of macrophytes is known tacdease with increasing TDSsewhergbut
the effectf previous TDS peaks on current macroplsgecies/abundance/distribution is likely

unknown.
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TABLE 4: TOTAL ABUNDANCE OF EACH TAXA REPRESENTED IN THZOOPLANKTON LAKE LENORE TOTAL DISSOLVB STUDY INCLUDING
PRESTUDY DENSITY (INITIAL ) AND STATISTICAL ANAL YSIS. (ONLY HIGHLIGHTED GROUPS ANALYZED, * SIGNIFICANTLY DIFFERENT FROM

4000).
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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