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EXECUTIVE SUMMARY

Water Use Plans (WUPs) were developedllforf BC Hydrods hydroel ectr
consultative process and monitoriagbeing undertaketo address outstanding management
guestions in the years following implementation of a WUP. As the Campbell River Water Use Plan
process reached comigdbn, a number of uncertainties remained with respect to the effects of BC
Hydro operations on aquatic resources.Upper Campbell, Lower Campbell, John Hart Reservoirs anc
Diversion Lakes Littoral versus Pelagic Fish Productio@TAHgéexsBens part of wider

monitoring of the Campbell River WWFHMON-5 is designed to assess the extent to which fish
production is driven by littoral vs. pelagic production and how this relates to BC Hydro operations.

The Campbell RiveWUP project aress complg and includesacilities and operations in the
Campbell, Quinsam and Salmon watersheds. In addition to the mainstem rivershtieeréasge
reservoirsnine diversion lakes influenced by water diverted tiherQuinsam and Salmaivers,

and manytributaries and smalbdkesthat are not directly affected by operatidisting
development of the Campbell River Wik, Fish Technical Committee (FF@pothesizethat

fish production in Upper and Lower Campbell reservoirs was negatively impdetegd by
fluctuations in water level through its effect on littoral produ€tietTC alsohypothesized that

short water residence time of the diversion lakes as a result of the BC Hydro diversion operations
could negatively impgmtlagic productivity.

TheJTHMON-5 monitoring program aims to address the following two management questions:

1. To what extent do stabilized reservoir levels, as affected by BC hydro operations, benefit fish
populations?

2. What is the relationship between residence time (as affeaedatrsion rate) and lake
productivity?

JHTMON-5 is scheduled for 10 years and has two components: stable isotope analysis of food webs
in reservoirs and diversion lakes, and production estimates of pelagic bacteria in reservoirs and
diversiondkes This report presents data from Year 2 of the stable isotope analysis of food webs
component. Under the current TOR, sampling using stable isotope methods is scheduled for years
1, 2 and 3 of JHTMO#M, with a potential for a fourth year of sampling to teendimed at the end

of Year 3. Estimates of pelagic bacteria as an indicator of pelagic productivity will be addressed in
years 7, 8, and 9 and thus will be discussed in future years of the program.

Substantial information regarding the structure antiofuing of lake food webs can be gaimed

using stable isotopes reconstruct the diets of ldbieta. JHTMONS uses stable isotope analysis

of nitrogen and carban fish tissues and their potential diet items to assess relative energy flows to
fish fram littoralvs.pelagic areaSamplingn Year 2vascompleted foL.owerCampbelReservoir
BeavertaiLake,Snakehead Laked UpperQuinsam Lakd.owerCampbell Reservoir was chosen
because it experiencmmefluctuations in water levdisit less thanhose observed &tpper
Campbell Reservpiwhichwas sampled in Year BeavertaiLake,Snakehead Laleed Upper
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Quinsam Lakevere chosen because theyedttger part of the Quinsam River diversionare
nearby control lakeSnakehead Lake is a rengilake that is part of the same diversion as Middle
Quinsam (donor lake) and Gooseneck Lake (receiving lake) theam@esl in Year Upper
Quinsamis above the water diversion and is therefore a contr@éakertail is a nearby control
lake.

The primary species of interest in JHTM®Nare Cutthroat TroutOphcorhynchus claakid
Rainbow Trout@®. myki¥sSampling wagesigned to improvwenderstandingf the diets and energy
sources of these two fish specwesich are the resident fish spedégprimary management
concern in reservoirs and lakes of the Campbell River. gydtiional sampling of Dolly Varden
(Salvelinus maglmas also completedlll netting trap nettingand minnow trappingas completed

in June through October @015 to obtain representative tissue samples @aotthroat Trout,
Rainbow Trout Dolly Vardenand their prey fish including ThreespigtcklebackGasterosteus
aculeajusSculpin spp.Cpttuspp.), and juvenile troudricorhynclspp.) fromLower Campbell
Reservoir and Beavert&hakeheadnd Upper Quinsam lake®Rrimary diet items for Cutthroat
Trout and Rainbow Trowlsoinclude zooplankton (pelagic souraay benthidlittoral, stream
and terrestriahvertebrate@ittoral source). Invertebrate gding occurred in June, July and August
to obtain representative samtem thefour lakesInvertebrates were sorted and counted in the
laboratory to order and famiily Elan Downey (BC Centre for Aquatic Health Sciences) and Casey
Inrig (A-Tlegay Fishiees Society).

Invertebrate and fish samples were processed for nitrogen and carbon stable isotopes at the Stable
Isotope in Nature Laboratory located within the Canadian Rivers Institute at the University of New
Brunswick in Fredericton, New Brunswiskotal of 246 samples of invertebrates and fish were

sent for analysiShe relative contributions of pelage littoral sourcesto CutthroatTrout,
RainbowTrout andDolly Varderdietswere assess#ttough dual isotop&'fC andi*™N), four to

sixsource Bayesidsotopic mixing models implemented in the program SI&&bIE Isotope

Analysis in R). SIAR takes isotope data from consuisi@rarid sources (diet itejralong with

estimates of diissue isotopic fractionation, and fits Bayesiarelmttht estimatesource
contributiongo diet

In the Year 1 report, we recommended that water residence time be determined for all lakes so that
estimates of littoral versus pelagic production in the target fish species could be modelled as a
function ofwater residence.atér residence timeas calculated for all lakes sampled in Year 1 and
Year 2 of JHTMONMb during Year 2Nater residence time was calculated for the whole year and

for the growing seasastratified period using a water balance mellwdstimate residence time
duringthe stratified perigdan effective lake volummeas usedwhich isdefined as the average

volume of thesurfacemixed layer (epilimnion) times the proportion of yearetwistudylake
becomestratified Based on historical lake temperature redbetspalstratificationwas assumed

to establishvithin each lake around May 15 and to break down around September 30
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Nitrogen and carbon stable isotope signatures of all fish and invertebrates were sigigdr amo
severlakesand reservoirs sampled in Year 1 and Yéard@e Cutthroat and Rainbow trout had the
highesti*N levels consistent with their top position within lake food webs, followed by smaller prey
fish with intermediate trophic level positicfmoplankton had the lowesYC levels consistent

with their pelagic habitat, wHitéoral, stream, and terrestrial invertebrates had hig@esotopic
signatures, consistent with their terrestrialitiochl sources of carbon in dietmaAng the sill

prey fish, Threespirgtickleback had the low&SC levels indicative of a pelagic dominated diet.

Nitrogen and carbon stable isotope signatures in bulk zooplankton varied by month of collection.
Across all lakes™N signatures in zooplankton weignificantly higher iAugust compared to

June or July whii#®*C signatures were significantly higher in both July and August compared to
June

In Lower Campbell Reservoir, only 8% of Cutthroat Trout diet is estimated to be derived from
pelagic sourcesd92% is estimated to be derived from littoral squsdeleRainbow Trout have

a pelagic contribution to diet of 23% and a littoral contribution to diet olin7@8natrast,n Year 1

of data collection fronpper Campbell ReservoR6% of the diet foCutthroat Troutwas
estimatedo bederived from pelagic sourcesile 74%was estimatetb bederived from littoral
sources. Rainbow Trowereestimatedo have gelagic contribution to diet of 44% and a littoral
contribution to diet of 56%.

Analyss confirmedtie initial hypothesis that top fish consumers have a reduced littoral contribution

to diet in Upper Campbell Reservoir compared to Lower Campbell Reservoir. Upper Campbell
Reservoir has greater fluctuations in water levels than Lower CRegaredir, which may reduce

littoral production for fish. However, there are other factors that may explain the patterns we
observed. For example, the seasonal water residence time at Lower Campbell Reservoir was found
to be one of the shortest among talllg lakes, and possibly shorter than Snakehead Lake, which is
less than 1/10Dits areaA short water residence tirisedue to theelativelylarge inflows and

outflows of water, which create conditions dutegstratificationperiodthat may limit gagic
production.Despite the largpelagicareasof each reservgithe top fish consumers in both
reservoirs appear to be supported by littoral production to a greater extent than pelagic production.

Shorter water residence time is hypothesized t@askedhe pelagic contribution to fish diets in
diversion lakes and ultimately decrease fish production. There was some evidence to support this
hypothesis, although a more complete synthesis analysis will be conducted after Year 3 of sampling.
Estimates fopelagic sources of production to Cutthroat Trout in the lakes and reservoirs ranged
from 14% at Middle Quinsam Lake to 24% at Snakehead Lake and 8% in Lower Campbell
Reservoir to 26% in Upper Campbell Reservoir. These estimates for pelagic contrildigions t

were compared to estimates of annual and seasonal water residence time for each lake. An
asymptotic relationship was found with reduced but variable pelagic contribution to diet observed
when seasonal water residence is less than ~25 days.
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Goosenecland Snakehead lakes receive water from the Quinsam River diversion whereas Middle
Quinsam Lake has water diverted upstream of the lake and thus is a donor lake. The original
prediction was that water residence time will be shorter in Gooseneck andcadrakebe
(receiving lakes) than Middle Quinsam Lake (donor lake), which could result in decreased
zooplankton production. Seasonal water residence time was indeed found to be lower in both
Gooseneck (6.1 days) and Snakehead (4.1 days) lakes companid ©@uMsgam Lake (26.7

days). However, the annual residence time at Gooseneck Lake (75.6 days) was estimated to be ove
three times longer than the annual residence time at Middle Quinsam Lake (21.1 days). The
estimates of % pelagic production at the®s ldk not always follow the predictions of water
residence time; a greater pelagic source of production (ultimately from plankton) in both Gooseneck
(21%) and Snakehead (24%) lakes was observed in Cutthroat Trout diets compared to Middle
Quinsam Lake (14%Absent from this current analykswveveris an estimate for the total littoral

habitat in each lake relative to total lake area. For example, Middle Quinsam Lake has a very similar
surface area to Gooseneck Lake but is much shallower and has @egreatage of its lake area
dominated by shoal habitat.

We observeda strong negative relati on€mwignturebadt we en
zooplanktonThis suggests the&rbon from nosphytoplankton sourcascreasingly contributes to
zooplankton production as lake volume declines, whicfurtiay explain some of the variability

in fish diets across lakes that have short lake water residenc&harefore, carbon originating

from terrestrial sources (e.tpaf litter) and/or lake macrophytes seems to be relatively more
important in smaller lakeghis suggests thdéeclines in pelagic productidne to reduction in

water residence times may be buffered in small lakes by large contribatiermsativecarbon

source$o zooplankton production.

In Year 3, a more complete synthesis analysis is planned. A significant goal for Year 3 is to add more
lakes into the analysis and to finalize a model between water residence time aretspslagic v
littoral contibution to diet. However, % pelagic production will be modeled as a function of water
residence time and % littoral habitat in the same model. This will enable predictions of how
different water diversion scenarios affect pelagic contributions to fisim diet diversion lakes

while controlling for the amount of littoral habitat available.

Conclusions an@&commendations fafear 3of the program include the following:

1. The following lakes will be sampled in Year 3: Gray Lake, Brewstand.akihymper
Lake In addition, we propose to sample John Hart Reservoir, although it is necessary to
confirm whether field crews can access the reservoir given the current works that are
underway to replace the generating station.

2. Stable isotope analysis of nitrogesh @arbon combined with the use Bhyesian mixing
models, ws used successfully in Year 2 to understand the diets of species or functional
groups in lake food webs, and ultimately to provide estimates of total littoral and pelagic
contributions to dietsf adult Cutthroat Trout, Rainbow Trout and Dolly Vardensd he
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methodswill be continued itYear 3 to address the management questions posed in the
TOR.

3. The amount of littoral habitat in each lake will influence the proportion of fish diets derived
from littoral versus pelagic sourdesyear 3, \& recommend théthe relative area of littoral
habitat in each study lake is estimated. This can then be used as an independent variable in
models to predict the relatipelagic contributions to fish diets. This desktop exercise will
require analysis of bathymetry data that have been collected, or will be collected in Year 3
(Grey and Whymper lakes). Wheicipatehat this task can be completed within the scope
of theoutstanding water residency time analysis

4. The lake levels of the three reservoirs are monitored continuously by BC Hydro. We
recommend that metsicelating to the frequency and range of water level fluctuagions
identified anccompard across the threeservoirsWe propose to integrate this into the
scope of the final data analysis tasks.

5. We recommend undertaking invertebrate sampling as planned, which will include three
separate trips to each lake in June, July and August. Minnow traps shoulc&beldeptpy
each of these trips with the primary aim of catching Sepipimnd reducingeffort
necessary in the main fish sampling trip in late August or early September. This trip will
include gill nettingand we also recommend that trap netting istakéa with the aim of
samplingThreespineXickleback, Sculpin spp., and juvenile .t"dlg do not recommend
that a separate trip is undertaken in June to sdinpespineStickleback this was
undertaken in Year 2 and was unsuccessful.

6. There is highwerlap in théi**C andi™N isotope signatures of the three littoral invertebrate
prey sources (benthic/littoral, stream and terrestrial invertebrate groups). In Year 3, we
recommend that the Bayesian isotope mixing model be simplified to fewer sources by
aggregating the three littoral invertebrate prey sources into one prey group.

7. As undertaken in Year 2, we recommendathaboplankton samplesllected in Year 3
areenumeratedo an estimate of zooplanktomassan be made for each lakkis will
involve collecting body length measurements for-sasytle of individuals to estimate
mean body masghis is important because zooplankimmass provides a direct measure
of food availability to fish and we aim to examine relationshipgrhehigevariable and
lake water residence timvge plan to integrate this work into the existing scope of the
zooplankton sample analysis. In addition, we recommend that zooplankton sample analysis
is undertaken after each sampling trip, rather than endhaf the field season. This will
break up the work, which will aid scheduling and allow for preliminary analysis of results
before the sampling is completed.
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8. We recommend that lake water temperature profiles are collected during each zooplankton
samplig trip. This will provide data regarding how the thermocline depth changes
throughout the growing season, which will support the water residency time analysis.
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1. INTRODUCTION

1.1.Background to Water Use Planning

Water use plannirexemplifiesustainable work in practice at BC Hydro. The goal is to provide a
bdance between the competing uses of wedelincluddish and wildlife, recreation and power
generation. Water Use Plans (WUPs) were develomibféor BC Hydr ods hydr oel
through a consultative process involving local stakeholdersngawvt agencies and First Nations.

The framework for water use planning requires that a WUP be reviewed on a periadit basis
there is expected to be monitoring to address outstanding management questions in the years
following the implementation of aJN.

As the Campbell River Water Use PBD Hydro 2012)rocess reached commat a number of
uncertaintiesemained with respect to the elaxftBC Hydro operations on aquatic resourkes.

key question throughout the WUP procearsfsh was 0
abundance and biomass in lakes limited by pelagic or littoral soproegatibnAnswering this

guestion is an important step to better understandindninoman activities ia watershed affect

fisheries, and to effectively manage water uses to protect and enhance aquatic resources. To addres
this uncertainty, monitoring programs were designed to assess whether fish benefits are being
realized under the WWperating regime and to evaluate whether limits to fish production could be
improved by modifying operations in the future.

In lakes and reservoirs, fish production is assumed to be proportional to overall aquatic productivity,
but there is considerablecertainty over the extent to which fish production is driven by ligoral
pelagic production and whether this is influenced by operations. BC Hydrda&€dittsral
production through drawdowns, and pelagductionthrough alterations of watesidence time

(e.g., by manipulatiaof inflows and outflows)The Upper Campbell, Lower Campbell, John Hart
Reservoirs and Diversion Lakes Littoral versus Pelagic Fish ProducttiviGi$£dssipartt of

wider monitoring of the Campbell River WUPHMON-5 is designed to assess the extent to
which fish production is driven by littoral vs. pelagic production and how this relates to BC Hydro
operations.

1.2. BC Hydro Infrastructure, Operations and the Monitoring Context

The Campbell RiveWUP project arais complex and includéacilities and operations in the
Campbell, Quinsam and Salmon watersheds. In addition to the mainstem rivershiteeréasge
reservoirsninediversion lakes influenced by water diverted tiher@uinsam and Salmaivers,
and manyributaries and smaédlkeghat are not directly affected by operations (Mdpeidils of
BC Hydr oo6s Ciafraspuctaré &nd éperatssare provided in the Campbell River
System WUP (BC Hydro 2012).

1.2.1Reservos
Strathcona, Ladoend John Hart dams regulate reservoir water levBisttlerUpper Campbell,
Lower Campbelgnd John Hart reservoirs respectiBiytle/Upper CampbeReservoir varies the
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most in water levels, whereas John Reservoiwater levelsary the leastDuring development
of the Campbell River WURhe Fish Technical Committee (FTB)pothesizedhat fish
production in Upper and Lower Campbell reservoirs was negatively impacted by large fluctuations
in water level through its effect on littoral producBtatble reservoir levels were assumeavioa
positive influence on fish productidévduation of reservoir operatiomslied heavily on the
Effective Littoral ZoneHLZ) Performance Measui(PM) with the assumption thatreasing
littoral developmentould lead to inceses in fish productivity. Thissumes a strong link between
littoral and fish prodtion. JHTMON-4 is designed tmvestigate the effect of operations on littoral
primary productionand JHTMONS is designed ttest the assumption themprovements in
littoral production lead to corresponding increases in fish produibiminformation will then be
used to directly evaluate timpact of the Campbell RiWtJP on reservoir fish production, help
refine reseniorelated PMs and asséBeirrelative importance for future WUP review @sses.
The understanding gained through the present monitoring progranalsoahelp guidéhe
development of alternatise@nagemerstrategies for reservoir operations.

1.2.2Diversion lakes
The Quinsam an&almon diversions divert water through several smaller lakes and into Lower
Campbell Reservoivap ). Among the diversieaffectedakes, there are lakes that receive water
diverted from adjacent watersheds and thus have lower water residence Goeséngck, Fry
and Gray lakes) and lakes that have water diverted away from them tfenekitiereased water
residence time (e.gMiddle Quinsam, Lower QuinsarBuring the WUP process, tHercC
hypothesized that short water residence time as a result of the BC Hydro diversion opalicitions
negatively impagtelagic productivity. Simple chemostat modelling exercises showeghthat h
inflows flush pelagic organisms from the system. The loss in pelagic productivity from high inflows
was thought to havepatentialimpact on fish production in these lakes. However, the hypothesis
could not be tested during the WUP due to time awodroesconstraints. The FTC therefore
assumed for decisiomaking purposes that there Wasted impact, but strongly recommended
that the test of this hypothesis be part of a monitoring prod¢méommation collectedn
JHTMON-5 will be used to evaludite effect ofCampbell River WU@perations oudiversim lake
productivity, and help refiMs for future WUP reviews.

1.3. Management Questions and Hypotheses

The JTHMONS monitoring program aims to address the following two management questions:

1) To what extent do stabilized reservoir levels, as affected by BC hydro operations, benefit
fish populations?

2) What is the relationship between residence time (as affected by diversion rate) and lake
productivity?

In addressing the questions, the toonig program is designed to test the followhinge null
hypotheses:
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H,1: The extent of littoral development in lakes, as governed by the magnitude and
frequency of water level fluctuations, is not correlated with the ratio ofvisttpedhgic
energ flows to reservoir fish populations.

H,2: The extent of pelagic production in lakes, as governed by the average water residence
time, is not correlated with the ratio of littoral vs. pelagic energy flows to diversion lake fish
populations.

H,3: Standingrop of pelagic bacteria is not correlated with water residence time.

1.4.Scope of the JHTMON Sudy

1.4.10verview
JHTMON-5 isscheduled for 10 years dwag two components: stable isotope anafyffsiscbwebs
in reservoirand diversion lakéased to addres$,1 and H2 above)and production estimates of
pelagidacteria in reservoiasd diversion lakéased to addre$$,3 above)Data from these two
study components will be analyzegdarately and together to assess linkages bigttaes@and
pelagic productioand the effect of BC Hydro operations on fish production in reseal
diversionlakes.This report presents data from Y2aof the stable isotope analysis of food webs
componenused to test,1 and H2 aboveUnder the currdnTOR, sampling using stable isotope
methods isscheduledor yearsl, 2 and3 of JHTMON-5, with a potential for a fourth year of
sampling to be determined at the end of YE&€ 3Hydro 2013Estimate®f pelagic bacteria as an
indicator of pelagic prodiivity will be addressed in years 7, 8, and thasavill be discusse
future years of the program

1.4.2Summary of thmainMethod toTestManagement Gestions
Substantial information regarding the structure and functioning of lake focdmiebgaineloly
using stable isotopesraxonstruct the diets of lake bipfander Zanden and Vadeboncoeur 2002,
Mclintyreet al2006)JHTMON-5 uses stable isotope analysis (SIA) of nitrogen and carbon of fish
tissues and their potential diet itemas®ess relative energy flows to fish from littoral vs. pelagic
areasNitrogen isotope ratiqsi™™N) are commonly used to assess the trophic position of species in
a food web (DeNiro and Epstein 1981, Peterson and FryviB&@asarbon isotopeatics (i*C)
are commonly used to indicate the sources of primary prodimiivo( and Epstein 1978,
Peterson and Fry 198The main premise is that the isotopic ratios in the tissues of consumers
represent the isotopic ratios of their diet. In other wordsirgovhat you eat. In lakies) that are
high in the lake food webndto have the highe&tN signaturesturther, arbon isotopesan be
used to determine the relative contributiotistofal vs.pelagicsources of production becai§Se
signatues tend to be higher in littoral and benthic areas than pelagic areas.

Figurel represents a conceptual framework where energy flow through the aquatic food web (i.e.,
trophic level) is described B) and energy source is described®@yFigurelb represents a

natural system where fish receive quantities of energy from benthos and plankton at some natural
systenrspecific ratio. When littoral production is negatively affectéiderelgelagic production),
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the peak of the triangle is shifted to the left, as fish obtain relatively more energy from plankton than
benthos Figurela). When pelag production decreases (relative to littoral production) the peak is
shifted to the rightHigurelc) as energy production becomes increasingly dominated by benthos.
The magnitude of the peak shifts will define the effect of the treatment impact.

Figure 1 Conceptual framework for the interpretation of stable isotope analysis (SIA)
data where b) is the prdreatment state, a) is dominance of pelagic-derived
energy in fish diet, and c) is dominance dittoral-derived energy in fish diet.

N

Pelagic Littoral

1C

Using bothi™N and ii®C together allows for the development of stable isotope mixing models
which can estimate the contributions of diffepeeysources to a consumers diggrimenst al.

2009, Parnekt al.201Q. The primary species of interest in JHTM®MNre Cutthroat Trout
(Oncorhynchus dakd Rainbow TroufO. mykiksSampling is geared toward understanding the
diets and energy soescof these two fish species, which areefidentfish species of primary
management concern in reservoirs and lakes of the CampbelstveResident Dolly Varden
(Salvelinus malisaalso present isome lakes ahe Campbell River system amd secondary
management interestrimarydiet items for Cutthroat TrguRainbow Troutand Dolly Varden
include zooplankton (pelagic source), bélitoi@al invertebrates (littoral source), stream
invertebrates that wash into littoral areas (allochthbitboral source), terrestrial invertebrates that

fall into littoral areas (allabbnouslittoral source)and other fish including Threesp8teekleback
(Gasterosteus acyle@tudpin spp.Cottuspp.), and juvenile trouDrcorhynchapp.). Thughe
JHTMON-5 study was geared towards obtaining representative samples of Cutthroat Trout
Rainbow Troutand Dolly Vardemand potentiatliet items from each reservoir and lake sampled.
Stable isotope data can be obtained from tissue samples of indeigyals clips, muscle
samples), from whole organisms (e.g., whole insects), or from composite samples from multiple
individuals (e.g., zooplankton samples).

1.4.3Sampling irvear 2
Year2 of JHTMON-5 wasplanned andmplementedis a fulsampling yedrased on the results
and recommendations of thiot Yearl. Sampling wasompleted fot. ower CampbelReservoir
Beavertaillake Snakehead Laked Upper Quinsam Lak®ap?2, Map 3, Map4, Map5).
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To what extent do stabilized reserv@iterlevels, as affected by B@dro operations, benefit fish
populations?t is hypothesized that less variation in reservoir water levels benefits littoral
production and increas reservoir fish productiddpper Campbell Reseryoivhich experiences

the greatest fluctuations in water lewveds, sampled in Year lower Campbell Reservoir was
chosenfor sampling in Year Because it experiendesermediateluctuations in watelevels
compared to Upper Campbell Reservoir and JohrREservoirSampling in John Hart Reseryvoir
which experiences the lowest fluctuations in water ksvplanned for Year 3. After Year 3,
contrast®f BC Hydro operations across reserwitde possible using this design

What is the relationship between residence time (as affected by diversion rate) and lake productivity?
It is hypothesized that shorter water residence times decreases zooplankton production and thus the
pelagic source to ligoroduction.in Year 1,Gooseneck ake ard Middle Quinsam Lakeere

chosen because they are part ofdéimee diversion syste@u{nsam RivgrMiddle Quinsanhake
experienesgreater residence time (donor lake)@waseneck akeexperienesreduced resahce

time (recipient lakeBased on this contrast in BC Hydro operations it is predicted that Gooseneck
Lake will have a lower pelagic contribution to fish production and a greater reliance on littoral
sources of production than Middle Quinsam Udkeiewer, an important recommendation from

the Year 1 report was thatestimate of water residence time be developedch lakbased on

lake volume and hydrologyar example, it is possible that Middle Quinsam Lake has a lower water
residence time than Gseneck Lake based on its unique morphology and hyditolegy.also
recommended in the Year 1 report that 10 or more lakes be sampled across the prapatm years
vary in lake water residence tiffieis would enable simple regression models relatiag wa
residence time in each lake to % littoral or % pelagic contributions to fislrigligts2).

Operations from water diversions could then be integrated into predictive models of how water
inputs or extractions can change lake water residence time, lake productivity and food webs.

In Year 2, Beavertail Lake, Snakehead Lake and Upper Quinsam Lake were chosen because they ar
part of the same diversion system (Quinsam River) or, in the case of Beavertail Lake, are a nearby
control lake. Snakehead Lake experiences reduced wateerésidefnecipient lake), while Upper
Quinsam Lake is a control lake above the Quinsam River water diversion. Taken together, the five
lakes sampled across Year 1 and Year 2 include two recipient lakes (Gooseneck and Snakeheac
lakes), one donor lake (MedQuinsam Lake) and two control lakes (Beavertail and Upper
Quinsam lakes).

The selection dfowerCampbell ReservoBeavertaiLake,Snakehead Laked Upper Quinsam

Lake support aexamination ofl,1 and H2, particularlyvhen the data froiiear landYear Zare

combined At each lake, representative pelagic and littoral sampling sites were chosen to collect
invertebrate prey sources (zooplankiitioral invertebrates, stream invertebrates, and terrestrial
invertebrates) and fisthe representativétdral sites were located near stream inloeach lake.
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In Year 3samplings planned toccur inJohn Hart Reservoiand in several diversiand control
lakeswith varying water residence tited are a part of the Salmon River diver3iba following
lakes and reservoirs have been highlightpdtiEmtialstudy within the JHTMOMN program:

ReservoirButtle/Upper Campbell, Lower Campbell, John Hart

Diversion LakesBrewster, Fry, Gooseneck, Gray, Lower Quinsam, Mclvor, Middle
QuinsamSnakehead, Whymper

Crest, Upper Drum, and Lower Drum are decommissioned diversion lakes.

0Cont r oAndor, Reavierai§ Boot, Gentian, Gosling, Long, Merrill, Mohun, Paterson,
Roberts, Upper Quinsam, Wokas

Figure 2. Hypothetical relationship between lake water residence time and pelagic
productivity as indicated by the proportion of pelagic diet in Cutthroat Trout.
Each point represents a different diversion or control lake with data
accumulated over several years of the JHTMOM program.
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1.4.4Water Residence Time
To address management question 2, estimates of water residence time were detalinviead for
1 and Year 2 study lakes and reservoirs inclugper CampbetindLower Campbeleservos,
and Beavertail;ooseneck, Middle Quinsa®nakehead, andpper Quinsam lake$his same
approach is planned for the Year 3 study [@kegheoretical residence time of a lake is calculated
by relating the annual amount of water passing through the lake to the vilaméolie basii
| akeds residence time is often calculated on
influence the result$he effective residence time may, however, be influenced by a number of
factors such as the timing of stiediion, the depth of the thermocline, and the variability of
inflows Geolge and Hurley 200Ruedaet al 2006 Vidal et al 2012. These factors may be
particularly important during the summer months, when fish production is dgsaatesthis
monitor is focused on assessing the effects of residence time on pelagic production, a seasonal
residence time was computed in addition to the annual residence tingersiand inteannual
variabilityresidence times were computed for Edkehforthe years 2018 2015.
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2. METHODS

2.1.Invertebrate sampling

Primary invertebrate diet items for Cutthroat Trout, Rainbow Trout and Dolly Varden include
zooplankton (pelagic source), benthic/littoral invertebrates (littoral source), stream ieséinitorat
wash into littoral areas (allochthonous littoral source), and terrestrial invertebrates that fall into
littoral areas (allochthonous littoral source). Zooplankton are the primary pelagic source of
production to fish in lakes. The benthic/littoralertebrates, stream invertebrates and terrestrial
invertebrates are three different littoral sources of production for fish.

2.1.1Zooplankton
2.1.1.1Field

Zooplankton ardypically the main source of secondary pelagic production in lakes for upper
trophic level consumers such as trout. In stable isotope studies of lakes, it is important to use an
appropriate isotopic baseline for zooplankton that is representative aftdpie signatures
experienced by the consumers. Based on studies from other lakes and reservoirs on Vancouver
Island, the nitrogen and carbon stable isotope signatures in zooplankton are known to vary
seasonally (Matthews and Mazumder 2003, 2005). Ehex@piankton was sampled at three time

periods (late June, late July and early September) to obtain a representative sample of zooplankton in
each lake. Zooplankton was sampled at three sites on each lake, thus extending the spatial coverage
from Year when only one site was sampled in the diversion lakes.

Zooplankton was sampled at three central sites located in the deepest areas offeattil)ake (

These sitesvere georeferenced with a GPS and revisited on each of the three sampling dates.
Zooplankton sampling sites were typically close to the gill net fish sampling sites in the pelagic area
of each lakéseeMap2, Map3, Map4, Mapb5).

Zooplankton was sampled using a tow net with
(Figured). Sampling involved one or two upwards vertical tows at a rate of approximately 0.5 m/s,
from a depth of Tabled)0Themettwas rinsédevithsdeionizea water frior to

each tow and care was taken to ensure the net did not touch the bed. Triplicate samples were
collected at each site on each sampling dadan#ples were preserved in 95% ethBigpiréd).
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Figure 3. Zooplankton net.

Figure 4. Zooplankton samples pior to adding ethanol. Note high density of captured
specimens.

2.1.1.2L aboratory Taxonomiddentificaion

The first of the three zooplankton samples was used for identification, a component of the second

was transferred to a smaller vial and serstdibte isotope analysis, and the third was kept as a
backup.
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Zooplankton wagrimarily identifiedo familyby Elan Downey (BC Centre for Aquatic Health
Sciences) and Casey Inrigl(@gay Fisheries Society). Zooplankton was primarily classified into the
following taxa, based on Witty (2004):

71 Order Cladocera: Famil@Baphniidae, Bosminidae, Sididae, Leptodoridae, Polyphemidae
9 Order Calanoida and Cyclopoida
1 Nauplii (unidentified)

Counts of less common taxa were also recorded.

Each zooplankton sample taxonomic analysis was split subsamples using a Folsom Plankton
Splitter (Aquati®Research Instruments, ldaledch sample was spil#gtween zero and five times

until subsamples comprised ~100 to 400 individuals of the most dominantTtexdmal
subsample was concentrated into a zooplankton counting chamber for counting and identification
with abinocular microscop€ounts were expressed as individuals per sample by multiplying counts
by the appropriate dilution factor. These counts were thezssegh volumetrically (#/L) by

dividing the counts by the volume of water (L) sampled in theTfieldampling volume was
calculated as the product of the sampling depth (m), the number of vertical tows per sample, and the
area of the net aperture (ciacwaperture with diameter = 0.3 m).

2.1.1.3Laboratory Biomass Determination

The trophic position occupied by zooplankton between phytoplankton and fish in the pelagic zone
means that zooplankton biomass represents an
fixed by plants within the lake (iautoclthonous carbon) isransferred to fish populations that

occupy higher trophic levels (Sterner 2009). Zooplankton biomass was therefore estimated for each
sample enumerated in Year 2 to provide a metric of the pelagic productivity in each lake that is
available to fish. Tax@pecific length measurements made in Year 2 were also used to estimate
biomass in samples collected in Year 1. These data will be used to address Management Question 2
which relates to the relationship between residence time and lake productivity.

Biomas (dry weight) of crustacean zooplankton (comprising all taxa sampled) was determined using
published relationships between body length and body mass for individual taxa, using methods
based on the US EPA (2003) protocol. This approach was chosen fimsethdds that involve

weighing or measuring displacement of bulk samples, as these techniques are susceptible to error
due to other material (e.g., seston) present in samples. Briefly, the approach involved calculating a
mean length that was represergatiy each dominant taxon. These lengths were then used to
estimate the biomass of zooplankton in each sample using establishetldnigthastationships.
Finally, bi omass was calculated on a vonl umetr
each sample by the total volume of water that was sampled.

Subsamples of dominant taxa were measured using an ocular ruler (100x magnification) with a
binocular microscope. Preliminary analysis was undertaken to inform the approaamgfisgb
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taxafor length measurements, with the aim of ensuring that sufficient length measurements were
made to adequately reflect sources of variability between samples, while minimizing the number of
samples that needed to be processed. Specifically, variancal inoalyi length between lakes and
sampling monthsvas initially examined for subsample®abhniidaeindividuals; these were

typically the dominant taxon in each sample that made the greatest estimated contribution to
biomass. These results were useddlel whether it was necessary to measure body length of each
taxon separately for each lake and sampling month, or whether estimates for an individual
lake/month could be applied across all lakes/months. Results of this preliminary analysis showed
that lsngth measurements were relatively consistent between lakes and samplirfgguceBhs (

Two-way ANOVA showed that there was no statistically significant diffésegrtécance

level= 0.05) in mean lengths between lgkes)(48,F = 0.84,df= 3), although there was a small

but statistically significantly difference between sampling nponth®02,F = 6.42,df= 2). This

reflected a statistically signifigahigher mean length between the June and September samples
(Tukeyds HSD Ot €208 m)addjw.i th vi sual i nspection ¢
increase in lengths as the growing season progressed (compare June, July and September data fc
Upper Quinsam Lake Figureb).

Based on the consistency in length measurements between lakes, we consequently chose to measur
mean body lengths of remaining dominant taxa using samples collected from a singépjake, and

these to respective taxa in all lakes. In addition, we chose to use only samples collected in July to
measure mean body lengths of remaining taxa, as measurements for this month were deemed to be
most representative of the growing season in g&aeed, on the indication that there was a slight
increase in zooplankton size as the season progressed (i.e., July was approximately in the middle of
the sampling program).

Taxonspecific mean body length) (measurements were converted to dry bioMAsg)@sing
relationships listed in US EPA (2003) and Wakaig2011). An exception was naupilii, for which

a constant biomass of 40 Og was assigned, i nd
US EPA 2003).

WAL relationshipfollowed the geeral power equation:

w |0
whereWi s bi ontaisss me@gog) ,body | ength (mm) and & an
taxon. Relationships were converted to linear form by logarithmic transformation:

T 11 rab
wherel D is calculated akie mean of the transformed length measurements in mm. Mean
individual biomass for each taxon was then calculated following back transformation. Corrections
were not made to reflect logarithmic transformation bias. This potential source of error is not
consdered in either US EPA (2003) or Watkinsl (2011), and the information necessary to
estimate this (e.g., the residual mean square of the original regression) is not typically reported with
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published biomadength relationships. McCauley (1984) atstimthat failure to consider this

source of bias may result in errord@ff1®o, which was considered tolerable given that the objective

was to primarily compare biomass estimates between study systems, rather than with systems
elsewhere.

Estimates of theibmass of dominant taxa in each sample were calculated as the product of total
sample count data and tadspecific mean biomass valud§. (These estimates were then
standardized on a volumetric basis (Qg/ L) by
volume (L) of water that was sampled.
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Figure 5. Body lengths ofDaphniidae (/7=15620) measured in samles collected from
Beavertail Lake (BVR), Lower Campbell Lake reservoir (LCR), Snakehead
Lake (SNA) and Upper Quinsam Lake (UPQ). Data are presented for
samples collected from each lake in June, plus July and September samples
for UPQ. Bold horizontal lines denote medians, boxes denote interquartile
ranges and whiskers denote ranges.
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2.1.2 Littoral Invertebrates
2.1.2.1Field

Samples dittoralinvertebrates were collected from the littoral zone of each watambediuring

the July sampling tripitiorali nver t ebr ate sampling sites are s
sites). Different sampling methods were u3edld 1) depending on the specific habitat
charateristics at each lake, e.g., substrate type, productivity, macrophyte Sawepdigg. was
conducted with the objectives of maximizing both the numbers of individuals, and the range of taxa
collected within the time availaBampling was néquantitatve and all samples were preserved in

the field in 95% ethanol.

'This sampling component corresponds to O6bent
use the term o6littoral invertebratesd in this
to collect invertebrates from different lentic habitattudiing the water column in the littoral

zone), as opposed to the sole use of a Ponar grab in Year 1.
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Samples were collected from Lower CamBeskrvoit si ng a Ponar grab (6Pe
aperture of 152 mm x 152 mm. The Ponar grab was deployed six times in the littoral zone by
wadng to a depth of 0.5 m, approximately 5 m from skageré€6). All visible invertebrates were

removed with forceps and placed in a clean samplepjasienvation. Two samples were collected.

Samples were collected from Beavertail and Up
sampling (CCME 2011). This is a standard sampling method suitable for sampling moderately
productive lakes with littl zones that contain abundant emergent and submergent macrophytes
(Figure?, Figure8). Sampling involved wading along transects in the littoral zone (area sampled

~ 20m?%) and gently kicking the substrate to suspend invertebrates in benthic sediments or attached
to macrophytes. A hadidie | d aquari um net ( rnen srdpeatedly Zdwn< 5 0O (
through the water column in a sweeping motion to collect a sample of suspended material. This was
then sorted on a tray and all visible invertebrates were removed with forceps. Three samples were
collected from each lake.

Samples wemmllected from Snakehead Lake using hand searches; trial sampling using a Ponar grab
indicated that invertebrate abundance was very low in benthic sediments, while numerous cobbles
and dense stands of emergent vegetadtimtuspp.) inhibited efficientavelling kick and sweep
sampling. Invertebrates were predominantly picked from submergent and emergent vegetation,
cobbles and large woody debris. Additional macroinvertebrates (notably freshwatdfigowssels;

9) were picked from the lake bed. Three samples were collected.

Figure 6. Ponar grab sampling at Lower CampbeReservoir(site LCRABIV01)
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Figure 7. Litto ral habitat sampled using travelling kick and sweep sampling at
Beavertail Lake (site BVRBIVO01; left) and example sample (right).

Ty

Figure 8. Littoral habitat sampled using travelling kick and sweep sampling at Upper
Quinsam Lake (site UPQ3BIVO01).
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Figure 9. Littoral habitat sampled on Snakehead Lake (left), with freshwater mussels
(family: Unionidae) collected from lake bed (right).

2.1.2.2L aboratory

Littoralinvertebrates were sorted and countéueitaboratory to order, and, where possible, family
by Elan Downey (BC Centre for Aquatic Health Sciences) and Casey-TiegpyAFisheries
Society)ldentification was made with reference to lowa State University (2015).

2.1.3Stream Invertebrates
2.1.3.1Field

Stream invertebrates were sampled once in one stream inflow or outflow to each lake during the July
sampling trip. Stream invertebrate sampling s
Preference was given to selecting stream sites inngfidreams, although sites were located on

the lake outflow at Snakehead and Beavertail lakes. This was primarily due to drought conditions,
which meant that surface flows in stream inflows were negligible. In addition, the main inflows to
these two lakesnter the lake via wetland habitats, whereas the stream outflows had defined
channels and were better representative of lotic habitats that were the target of the stream sampling.

As with lake invertebrate sampling (Seetibi2.), stream sampling was dguantitative and was
undertake with thebjectives of maximising both the numbers of individuals, and the range of taxa
collected within the time availalleéplicate samples were collected for each water body and all
samples were preserved in the field in 95% ethanol.

Sampling methods varied depending on the substrate type and flow comdhieris. (Kick

sampling was used to collect stream invertebrates at the stream site at Lower Campbell Lake
reservoir. This site was on Beavertail Creek, with samples collected from riffle sections with
predominantly gravel substrates Angl e dr i ft net (mesh size = 2
bed using rebar and the upstream substrate was agitated for three minutes usirtgpat WS

was undertaken at a total of threedsits (< 5 m apart) to collect a single compositplesaf
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material that was thoroughly inspected, with all individuals picked. This was repeated two further
times to collect triplicate samples.

The kick sampling method was also used to sample stream invertebrates at Beavertail Lake. Low
flow conditionsKigurel0), however, limited the effectiveness of this sampling technique at this site,
and samples were supplemented by employing hand searches to pick individ@lariderside

of large gravel and cobbles.

Very low current velocity and shallow depth prohibited kick sampling to sample stream invertebrates
at Snakehead Lak&durell). Instead, cobbles were overturned in a small riffle section with very
low water depth (< 0.03 m), and individuals were picked using tweezers. Five medium (~ 0.15 m
diameter) cobbles were picked per sample.

Very low current velocity prohibitedrsfard stream kick sampling to sample stream invertebrates
at Upper Quinsam Lakieigureld). Instead, travelling kick and sweep sampling (see 3dcfidn

was used to sample pools (~0.2 m to 1.0 m deep) in a stream inflow, with one pysbfpled

per invertebrate sample.

2.1.3.2Laboratory

Streamnvertebrates were sorted aondnted in the laboratory to order, and, where possible, family
by Elan Downey (BC Centre for Aquatic Health Sciences) and Casey-TiegpyAFisheries
Society)ldentification was made with reference to lowa State University (2015).

Figure 1Q Stream invertebrate sampling site at an inflow to Lower Campbé&leservoir
(site BVRASIVO01,; left) and example sample (right).

1230604 —
EC®FISH



JHTMONS5 6 Year2 Annual Monitoring Report Pagel9

Figure 11 Stream invertebrate sampling site at the outflow of Beaveitaiake (site BVR9
SIV01).

33

Figure 12 Stream invertebrate sampling site at the outflow of Snakehead Lake (site
BVRA3SIVO1).
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Figure 13 Stream invertebrate sampling site at an inflow to Upper Quinsam Laksite
UPQASIV01).

2.1.4Terrestrialnvertebrates
2.1.4.1Field

A sample of terrestrial invertebrates was collected at each lake during each of the three sampling
trips using a malaise trap pl Map@e®d 4danmds5Threee | ak e
terrestrial invertebrate samples were therefore collected at each lake; this represents an increase ir
sampling scope relative to Year 1 when only a single terrestrial invertebrate sample was collected at
each lake. The malaise trap consisted of adered tent (1.2 m long x 1.2 m wide x 2.1 m

high) with openings at the sidgg(re8). Insects fly into the tent and climb upwards into a
collecting jar. The trapaw deployed for 2.0 to 5.5 hours at a single site on the shoreline of each

lake. No chemical attractants or killing agents were used and samples were preserved using 95%
ethanol.
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Figure 14 Malaise net deployed at Upper Quinsam Lke in September 2015.

2.1.4.2Laboratory

Terrestriainvertebrates were sorted and counted in the laboratory to order, and, where possible,
family by Elan Downey (BC Centre for Aquatic Health Sciences) and Casey-TiheigayA
Fisheries Societyentification was made with reference to lowa State University (2015).
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Table 1 Summary of Year 2 invertebrate sampling sites.
. . Sampling UTM (NAD 83) Site depth  Depth
Sampling type Waterbody Site Method dates Zone E (m) N (m) (m) sampled (m)
Lower Campbell Reservoit CR-LKZP01 10U 326112 5542580 50.0 20.0
LCR-LKZP02  Vertical plankton tow Jun-24, Jul-2 10U 324730 5543888 30.0 20.0
LCR-LKZPO03 10U 322197 5544324 44.0 20.0
Beavertail Lake BVR-LKZPO1 10U 319990 5539765 18.0 14.116.0
BVR-LKZP02 Vertical plankton tow Jun-23, Jul-2 10U 320271 5539872 17.0 15.®16.0
BVR-LKZP03 10U 320595 5539736 16.0 15.0
Zooplankton
Snakehead Lake SNA-LKZPO1 10U 320191 5538070 6.0 4.00¢
SNA-LKZP02 Vertical plankton tow Jun-25, Jul-2 10U 320311 5538001 6.5 4.595.5
SNA-LKZPO03 10U 320503 5537936 9.5 7.00¢
Upper Quinsam Lake UPQ-LKZPO1 10U 317002 5529342 12.00
UPQ-LKZP02  Vertical plankton tow Jun-22, Jul-2 10U 316822 5528930 12. 00
UPQ-LKZP03 10U 316584 5528193 14. 00
Lower Campbell Reservoir LCR-BIVO1 Ponar grab Jul-20 10U 324299 5541198 0.5 0.5
Littoral Beavertail Lake BVR-BIVO1 Travelling kick and sweep Jul-23 10U 320992 5539774 0. 1061 .00 101
invertebrates Snakehead Lake SNA-BIVO1 Hand searches Jul-21 10U 320823 5537879 0. 101 .00 1061
Upper Quinsam Lake UPQ-BIVO1 Travelling kick and sweep Jul-22 10U 313472 5526110 0. 101 .0Q 101
Lower Campbell Reservoir LCR-SIVO1 Kick sampling Jul-20 10U 324238 5541125 0. 180 .02 10¢C
Stream Beavertail Lake BVR-SIVO1 Kick sampling, hand search Jul-23 10U 320833 5540045 0. 180 .02 10¢C
invertebrates Snakehead Lake SNA-SIV01 Hand search Jul-21 10U 320850 5537901 0. 180.02 108¢C
Upper Quinsam Lake UPQ-SIVO1 Travelling kick and sweep Jul-22 10U 313404 5526155 0. 100 .05 10¢C
Lower Campbell Reservc LCR-TIVO1 Malaise trap Jun-24 10U 324620 5540694 - -

) LCR-TIVO2 Malaise trap Jul-20 10U 324271 5541202 - -
_Terrestrial - geoqyertail Lake BVR-TIVO1 Malaise trap Jun-23, Jul-23 10U 320375 5539398 - -
invertebrates gpayehead Lake SNA-TIVO1 Malaise trap Jun-25, Jul-21 10U 320824 5537868 - -

Upper Quinsam Lake UPQ-TIVO1 Malaise trap Jun-22, Jul-22 10U 320375 5539398 - -
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2.2.Fish Sampling
Fish sampling was undertaken to obtain representative stable isotope samples of the target fish
species of Cutthroat Trout, Rainbow Trout and Dolly Varden and potential fish prey items including
Threespine Stickleback, Sculpin spp., andlgitreit. Several fishing methods were used in order
to maximize catch of these food web components including gill netting, minnow trapping and trap
netting. In addition to obtaining tissue and stomach samples for diet analyses, the fish sampling
methodsenabled analyses of fish catchupéreffort (CPUE) and fish size and age distributions by
species.

2.2.1Gill Netting
Gill netting was undertakérom Augustl?7 to October 4 205 in Lower Campbell Reservoir,
Beavertail Lake, Snakehkalle andJpperQuinsan Lake(Figue 15. Gill netting was primarily
used to sample Cutthroat Trout and Rainbow Tfexd.littoral and two pelagic sites were sampled
from Beavertail Lakehree littoral and three pelagic sites were safnpied_ower Campbell
Re®woir, andone littoral and one pelagic sitas sampled from each of Snakehead and Upper
Quinsam lake$Aap 2 Map 3, Map 4, Map Bable2).

Snking gill nets wenesedto targetdifferent depthsvithin the water columit the littoral sites,

nets were sain the bedperpendicular to shorAt pelagic sitesiets were set perpendicular to

depth contourswith sinking nets suspended in the water coatrardepth of 5 m (Snakehead Lake

only) or 10 m below the surfaclse to thessumethemoclinedepth Unlike Year 1, nets were

not set on the bed at pelagic sites as Year 1 results indicated that catch success was higher when net
were suspendeRISC standard gill netereused; thaets consist of six panedschl5.2m long

and of diffe ent mesh si zes, strung tobpmand24ndeem a 09
The mesh sizegereas follows25mm, 76mm, 51Imm, 89mm, 38mm, and 64nm. This sequence

of mesh sizes captures a range of size classes of fish.

Whensetting a nethe boat operator ensured the proper locatiomepithof the site using a GPS

and depth sounder and positioned the net according to depth contours and wind conditions. The
net was held in place with a net anchor at each end of the net. Nets weneigtat witbrsoak

times of 8326 hours. Floating lights were attached to each net to mark their location overnight for
boater safetyndividual fish processing is describeskbation2.2.4

Fish CPUE from gill netting wamputed for Cutthroat Trout, Rainbow Trout and Dolly Varden

and compared across all lakes in both years of sampling including Upper Campbell and Lower
Campb# reservos and Beavertail, Gooseneck, Middle Quinsam, Snakehead an@uiigaen

lakes.
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Table 2. Gill netting sampling site summaryfor Lower Campbell Reservoir and
Beavertail, Snakehead, and Upper Quinsatakes, 20%.

. Sampling UTM . . Water

Waterbody Site Date Zone Easting Northing Location  Clarity Temp. (XC)
Lower Campbell Reservoir LCR-LKGNO1 23-Aug-15 10U 322373 5545290 Littoral Clear 20.2
LCR-LKGNO2 23-Aug-15 10U 326112 5542580 Pelagic  Clear 20.6
LCR-LKGNO3 04-Oct-15 10U 324420 5541275 Littoral Clear 15.5
LCR-LKGNO4 04-Oct-15 10U 326112 5542580 Pelagic  Clear 15.8
LCR-LKGNO5 04-Oct-15 10U 324798 5544003 Pelagic  Clear 15.8
LCR-LKGNO6 04-Oct-15 10U 322364 5545336 Littoral Clear 15.6
Beavertail Lake BVR-LKGNO1 17-Aug-15 10U 320988 5539764 Littoral Clear 21.0
BVR-LKGNO2 17-Aug-15 10U 320375 5539398 Littoral Clear 21.0
BVR-LKGNO3 17-Aug-15 10U 319990 5539765 Pelagic  Clear 21.0
BVR-LKGNO4 17-Aug-15 10U 320595 5539736 Pelagic Clear 22.0
Snakehead Lake SNA-LKGNO1 21-Aug-15 10U 320729 5537745 Littoral Clear 21.0
SNA-LKGNO2 21-Aug-15 10U 320503 5537936 Pelagic Clear 21.5
Upper Quinsam Lake UPQ-LKGNO1 19-Aug-15 10U 317098 5528861 Littoral Clear 21.3
UPQ-LKGN02 20-Aug-15 10U 316585 5528193 Pelagic Clear 21.7

Figure 15 Buoys marking location of suspendedjill net at UPQ-LKGNO?2.

2.2.2Trap Netting
Trap ndting was undertaken froAugust 31 tdOctober7, 2015 in Lower Campbebind Upper
Campbell reservoirs, aBdavertajlGooseneckSnakehead/iddle QuinsanandUpperQuinsam
lakes (Table3, Figurel6). Trap netting was primarily used to sample Threespine Stickleback as the
target number of this species was not sampled from each lake during Year 1, or during minnow
trapping undertakeat Year 2 study lakes in June 200t exception was Upper Campbell
Reservoir, where trap nets were also used for fish population abundance sampling as part of
JHTMON-3. Two sites were sampled on Lower Campbell Resesixogites were sampled on
Upper Campéll Reservoiand a single site was sampled at the remainingTiaibies,(Map 2,
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Map 3, Map4, Map5). Traps were set overnight in littoral areas with a target soak time of 24 hours.
Sites were selected for suitability for trap netting based on site depths and absence of underwater

hazards.

Whensetting a net, the hioaperator ensured the proper location and depth of the site using a GPS
and depth sounder and positioned the net according to depth contours and wind conditions. The
net was held in place with a net anchor. Nets wesgesaight with soak times 8329 hours.
Individual fish processing is described in Sex@oh

Fish CPUE from trap netting wasomputed for Threespine Stickleback, Cutthroait Tand
Sculpin spp. and compared across all lakes including Upper Campbell anGabgpbet
reservos and Beavertail, Gooseneck, Middle Quinsam, Snakehead ai@Linspelakes.

Table 3. Trap netting sampling site summary fol.ower Campbell Reservoir and
Beavertail, Snakehead, and Upper Quinsam lakes, 2015.
Waterbody Site Sampling UTM Water
Date Zone Easting Northing  Temp.
Lower Campbell Reservoir LCR-LKTNO1  04-Oct-15 10U 324300 5541180 15.5
LCR-LKTNO2 04-Oct-15 10U 322197 5545373 16.5
Beavertail Lake BVR-LKTNO1 07-Oct-15 10U 320413 5539412 15.0
Snakehead Lake SNA-LKTNO1 07-Oct-15 10U 320230 5538106 15.0
Upper Quinsam Lake UPQ-LKTNO1 03-Oct-15 10U 317109 5529006 14.8
Upper Campbell Reservoir UCR-LKTNO1  31-Aug-15 10U 305365 5528924 UNK
UCR-LKTNO2 01-Sep-15 10U 309922 5527439 UNK
UCR-LKTNO3 02-Sep-15 10U 314793 5539470 UNK
UCR-LKTNO4 02-Sep-15 10U 312231 5536469 UNK
UCR-LKTNO5 03-Sep-15 10U 310532 5535870 UNK
UCR-LKTNO6 03-Sep-15 10U 310046 5525736 UNK
Gooseneck Lake GOO-LKTNO1 06-Oct-15 10U 318850 5535730 15.0
Middle Quinsam Lake QUN-LKTNO1 06-Oct-15 10U 321328 5533391 15.0
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Figure 16 Trap net set at UPQLKTNOL1.

2.2.3Minnow Trapping
Minnow trapping was undertaken during June 22 to 25 2015 to specifically target Threespine
Stickleback in Year 2 study lakes, and Gooseneck Lake and Middle Quinsam Lake, which are both
Year 1 study lakes where this species was not caught |18stnyelay. was undertaken in June to
target individuals present in relaore areas where lacustrine populations construct nests and
spawn during spring and early summer (McPhail RDGaQw trapping was also underta&ethe
four Year 2 study lakasound the eriod of the other fish samplimyringAugustl7to 24 2015.
Target species were Sculpm,gpvenile trout and Threespine Sticklebealiles).

Multiple sites were established on each lake ddiiGee typeninnow trapsleployed at each site
(Tabled). Traps were either deployed on the bed and secureddiaotieline or suspended at a
range of depths (@850 m beneath a buoy).

Each trap was baited with a small amount fish roe placed in a film container perforated, with holes
whichallowed the scent to escape but prevented the attractant from being cofrspmeckre

marked with a float, andTM codordinates depth, time, and mesh size of tnagrerecorded

Traps werefished overnight with soak times ranging froB0-26 hours. Capturedfish were
separated by sigdtrap number anthenbrough back toshore for processinfndividual fish
processing is describedsattion2.2.4

Fish CPUE from minnow trapping wasmputed for Sculpin spp., juilertrout and Threespine
Stickleback and compared acetiskakes in both years of sampiimguding Upper Campbell and
Lower Campbellreservos and Beavertail, Gooseneck, Middle Quinsam, Snakehead and Upper
Quinsamakes.
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Table 4. Minnow trapping sampling site summary forLower CampbellReservoir and
Beavertail,Snakehead, and Upper Quinsam lakes, 2015.
Waterbody Site Sampling UTM Water Number position!
Date  zone Easting Northing Temp. (xC) of Traps
Lower Campbell Reservoir  LCR-LKMTO01 25-Jun-15 10U 324667 5541047 22.0 5 S
LCR-LKMT02 25-Jun-15 10U 324656 5540794 22.0 5 53
LCR-LKMTO3 23-Aug-15 10U 326042 5542621 22.0 5 S
LCR-LKMT04 23-Aug-15 10U 324271 5541202 20.7 5 S
LCR-LKMTO5 23-Aug-15 10U 322351 5545333 20.3 5 S
LCR-LKMTO06 23-Aug-15 10U 322250 5544312 20.3 5 S
Beavertail Lake BVR-LKMT01 22-Jun-15 10U 320432 5539370 22.0 5 B
BVR-LKMT02 22-Jun-15 10U 320988 5539764 22.0 6 B
BVR-LKMTO03 17-Aug-15 10U 319990 5539754 22.0 5 S
BVR-LKMT04 17-Aug-15 10U 320619 5539735 22.0 5 S
BVR-LKMTO5 17-Aug-15 10U 320930 5539771 22.0 5 S
BVR-LKMT06 17-Aug-15 10U 320355 5539468 22.5 5 S
Snakehead Lake SNA-LKMTO1 24-Jun-15 10U 320729 5537745 UNK 10 B
SNA-LKMTO02 21-Aug-15 10U 320570 5537918 21.5 5 S
SNA-LKMT03 21-Aug-15 10U 320192 5538070 21.5 5 S
SNA-LKMT04 21-Aug-15 10U 320748 5537866 21.5 5 B
SNA-LKMTO05 21-Aug-15 10U 320310 5538070 21.5 5 B
Upper Quinsam Lake UPQ-LKMTO01 19-Aug-15 10U 317098 5528861 22.1 5 B
UPQ-LKMT01 22-Jun-15 10U 317098 5528861 24.0 10 B
UPQ-LKMTO02 19-Aug-15 10U 313454 5526107 22.6 5 B
UPQ-LKMTO03 21-Aug-15 10U 320192 5538070 21.5 5 S
UPQ-LKMT04 21-Aug-15 10U 320748 5537866 21.5 5 S
Middle Quinsam Lake QUN-LKMTO03 25-Jun-15 10U 321264 5533433 24.0 5 B
QUN-LKMT04 25-Jun-15 10U 322643 5533050 24.0 3 B
Gooseneck Lake GOO-LKMT03 25-Jun-15 10U 318953 5535887 23.0 5 S
GOO-LKMT04 25-Jun-15 10U 318810 5535854 23.0 4 s
's, suspended in the watercolumn beneath a buoy; B, secured on the bed
2 Suspended at depths 2-6 m from tree stumps, not from a buoy.
3 Suspended at a depth of 5 m from posts on a jetty, not from a buoy.
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Figure 17 Deploying minnow traps suspended beneath a buoy at LGKKMTO1.

——— —> T - - S|

2.2.4Individud Fish Analysis
All fish captured bgill netting trap nettingpr minnow trapingwere processed a®a as possible
after captureésampling details, including target numbers of each species, are prasdasd in

The majority of gill netted fish (>90%) did not survive and had already died by the time of net
retrieval Fish were picked out of the net as tlveyeencountered and placedaitote filled with

water Fork kength was measured to nearest lamgmass was measutedhe neare€i.1 gor 1 g

for fish over 200 g. Photographs of all procdsdediere takersome fish that were still alive were
quickly measured for fork length and then relefiskdcapturedsing ninnow trag and trap nets

were all still alive upon capture. ThedeWere anaesthetized using ENP@®cessed as above,
allowed to recoven a tote filled with watandthenreleasedAny mortalitywasnoted.

Fin clip samples were collected dtable isotope analysigth the aim of meeting the sampling
targets for each specie§able5. Small fin clips were taken from taedafin of individuals and
stored in small vials with 95% ethanol.

A total of 331 scale samples were collecgd Cutthroat Trout, 4 Rainbow Trout and 7 Dolly
Varden from Beavertail Lakd Cutthroat Trout and0 Rainbow Trout fromLower Campbell
Reservojr22Cutthroat Trout fronBhakehead Lake, and @Q0tthroat Trout fromJpperQuinsam
Lake.Scale samples were taken from individuals across a rangecoés&es that a range of fish
ages were captured and so that leatgtbe relationships could be built for each species.

Scde samplesvere examinednder a dissecting microscdpedetermine agat the Ecofish
Campbell River laboratorigepresentative scales were photographed and apparent annuli were
noted using landmarksn a digital imag@-igure18). All scale samples collected at Beavertalil,
Snakehead, and Upper Quindakeswere agedA subsample of scalesmsaged from Lower
CampbelReservoi(CutthroatTrout n = 18 RainbowTrout, n = 25. Fish age was determirtad
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a QAQCmethodologyvhere by individual scales were initially aged by a junior-Staiggp and
Ecofish) then ages were confirmed by a senior biologist (Ecofish)

Furtheranalysis consisted of defining age clagdwstr and describing other characteristics of the
fish populations such asthelengte i ght r el ati onshi [K),anBledgthatn ds c
ageFul tonds condition factor (K) was calcul at ec

K = weight * lengtfi * 109000

DNA samples of Rainbow and Cutthroat Trout were also collected from a subsample of individuals
andare currently stored at tBeofishLaboratoryn Campbell River

Table 5. Sampling requirements for Year 2 fish sampling.

a) Non-lethal sampling requirements

Fish Species Fork Length (mm)  Target# Maximum # Sampling Requirements (non-lethal)

Cutthroat Trout ~ >150 mm 20 40 A Upper caudal fin clip f

Rainbow Trout >150 mm 20 40 scales for age analysis, fork length, body mass, photoc
sex/maturity (if possible)
A If possible, evenly di:
of body sizes sampled at each lake

Juvenile Trout spp.around 150 mmorless 10 20 A Upper caudal fin clip f

Sculpin spp. all sizes 10 20 photograph

Stickleback all sizes 10 20 A If possible, evenly di ¢

Dolly Varden all sizes 10 20 of body sizes sampled at each lake

. L Once target is reached
All species all fork lengths all remaining fish

remaining fish in each lake

b) Lethal sampling requirements

Fish Species Fork Length Target# Maximum # Sampling Requirements (lethal)

Cutthroat Trout ~ >150 mm 10 10 A Retain stomachs in forr
Rainbow Trout >150 mm 10 10 and Rainbow Trout sampled above
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Figure 18  An example scale aged as a 2+ fish with age annuli indicated with landmarks.
The initial landmark and landmark on the outer edge are not counted in the
fish age.

2.2.5StomaclContents
For comparison to isotope results, fish stomachs were extractel futthroat Trout and 4
Rainbow Trout from Beavertail LakeCutthroat Trout andl7 Rainbow Trout fromLower
Campbell Reservolt2 Cutthroat Trout fronBnakeheadake, an@7 Cutthroafrout from Upper
Quinsam Lake. Stomach contents were examitiegl fieldand were separated into the following
broadcategories by mass: % zooplankton, % littoral invertebrates (surittofaland terrestrial
invertebrates), and % fish.

2.3. Stabldsotope Data

2.3.1SablelsotopeProcessing
Invertebrate and fish samples were processed for nitrogen and carbon stable isotopes at the Stable
Isotope in Nature Laboratory (SINLABttp://w ww.unb.ca/research/institutes/cri/sinlab/)
located within the Canadian Rivers Institute at the University of New Brunswick in Fredericton,
New Brunswick. Dr. Brian Hayden, the Science Manager of SINLAB, was the primary contact.

A total of246samples ohivertebrates and fish were sent for analaidef). Invertebrates were
sent as whole individuals, while most fish were sent as fin clip Sehmgdspinétickldackwas
an important target fish species, although indisideaé onlycaughtin trap nets from Lower
Campbell Reservoir
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All samples were rinsed with distilled water, dried for 48 hour€Caar&D ground into a fine
homogeneous powder using a pastte mortarSamples were then weighed into tin capsules and
loaded into either a PN150 or Costech Zeroblank autosampler. Samples were converted to gases by
combustion by a Carlo Erba NC2500 or Costech 4010 Elemental Analyzer (EA) and then analyzed
for G*N andi™C using a Delta Plus or a Delta XP continuous flow istatipanass spectrometer
(CRIRMS) (ThermoFinnigan; Bremen, Germany) (see SINLAB website).

Isotopic signatures are expressed in delta nof@tias ratios relative to known isotopic statsda
of atmospheric Nand Vienna Pee Dee Belemnitd®(¥B) carbon. This is expressed in parts per
t housand (A) according to:

UlSN or Ul3c ( A ) samp%R staéda@ 1) * 1000
where R is the ratio of the heavy isot&peof **C)/ light isotope (N or *C).
Thirteen samples were run in duplicate to test repeatability of the stable isotope results. The absolute

mean difference N bet ween r epe aThe absciue méan difelerezaiiC 5 A .
bet ween repeats was O0.22NO0. 16A.

Table 6. Invertebrate and fish samples sent for stable isotope processing at SINLAB
Lower Campbell Beavertail Snakeheac Upper Quinsam
Taxa Reservoir Lake Lake Lake Total
Zooplankton 9 9 9 9 36
Littoral Invertebrates 7 3 4 1 15
Stream Invertebrates 1 6 2 4 13
Terrestrial Invertebrates 3 3 3 3 12
Sculpin spp. 11 5 0 5 21
Juvenile Trout 6 1 5 0 12
Threespine Stickleback 10 0 0 0 10
Dolly Varden 0 6 0 0 6
Cutthroat Trout 29 20 21 20 90
Rainbow Trout 27 4 0 0 31
Total 103 57 44 42 246

2.3.2 AssessingishDiet UsingMixingModels
The relative contributions of pelagic and littesalcedo CutthroatTrout, RainbowTrout, and
Dolly Vardendietswere assess#ttough dual isotop&'{C andiiN), four to six-source Bayesian
isotopicmixing models implemented in the program S8&eRI€l sotopeAnalysis in R; Parnell and
Jackson 2@ SIAR takes isotope data from consunfisty &nd sources (digens) along with
estimates of dutissue isotopic fractionation, and fits Bayesian models based on Gaussian
likelihoods with a Dirichlet prior mixture on the mean, which provide posterior distribution
estimates of source contributiagosdiet (Parnellg al.2010).The diettissuefractionation values
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used in the models welr&0 + 1.16 foi*C and 2.79 + 1.4r U*N. These are average dissue
fractionation rates across several fish species and tissue types é5algétiig b).

Two modelsvere run for each of treevenlakesThe first model estimated diet contributions to
large Cutthroatrout, Rainbow Troytand Dolly Varde(Age >2+, FLO 5@mm). Sixpotential

diet sourcefmean™C andii™N * SD) for the thredargefish speciewere included in this model

1) zooplankton?)littoralinvertebratg 3) streanmvertebratg 4) terrestriahvertebratg, 5)littoral

prey fish juvenile troutAgeO 2, FL @) atdSsuld n  ( F7Q@mm(), arid6) Threepine

Sti ckl e BanenR. The Fedond todel run for each lake estimated the diet contributions to
the smallerprey fish(littoral prey fish and ThreespineSickleback)Four potential diet sources
(meant**C andi*™N + SD) were usetb estimate the smallprey fish dietsl) zooplankton 2)
littoralinvertebrate 3)streaninvertebratg and4) terrestrial invertebrate

The two models were rua assess thetal relativecontributions of pelagics. littoral sources of
productionto large Cutthroafrout, Rainbow Tout, ard Dolly Vardenvia direct and indirect
pathwaysThe total littoral vs. pelagic contribution can be derived by summing the contributions of
the invertebrate prey targe tout and Dolly Vardenliet in model one (direct pathway) with the
relative contribuns of invertebrate prey to the diets of small fish (model 2) that occuttigishe

of large tout andDolly Varden(indirect pathwayJhe direct pathwaynodel 1)s the contribution

of zooplankton fgelagic) and summed contribution figtaral, stream, and terrestrial invertebrates
(littoral) tolarge trouandDolly Varderdiets. The indirect contributigderived from model 1 and
model 2)s the proportional contribution pelagic and littoraburcego the small prey fish diets

that is cared forward to the diets of latgeut andDolly Varden

2.3.3Correlations witkishSzeandAge
As fish become largerethtend to ealarger prey. It is also possible that Cutthroat Trout and
Rainbow Trout shifamongpelagic and littoral sources of piithn as they grow and age. Basic
linear regressiormodels were built for both Cutthroat Trout and Rainbow Trout to test the
relationships betwe&N andi™C stable isotope signatures and fish length or fish age. All analyses
were conducted using thatistical program R (R Core Team 2014).

2.4. Water Residency Analysis

2.4.1General
Annual and seasonadter residence timeas estimated fafpper CampbedndLower Campbell
reservos, and BeavertaiGooseneck, Middle Quinsa®nakehead andpper Quinsam lakes
Where surface outflow of the lake is directly measured, the water residehceviiasec@lculated
by dividing thennual averagritflow {0 ) rateby the volume of the lake bagiy. The seasonal
average elevation of the lake was used for tlmaeester residence tincemputatios, and the
average annual elevation of the lake was used for thensteuadsidence tinstemputationsro
estimate residence time during the growing season, an effective lake volume, defined as the average
volume ofthe mixed layer (epilimnion) times the proportion of year that the lake is stratified, was
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usedBased on historical lake temperature records, stratification is assumed to set in within each lake
around May 15 and to break down around September 3Aq2a0@).

Lakevolumes wereobtainedrom stagerolumerelationships developed by BCH (Bruce 2001) and
bathymetric maps. The volume of the Upper Campbell Reservoir included the storage of both
Upper Campbell Lake and Buttle Lake (BCH)2Uhe volume othe epilimnion was determined

from the average thermocline depth of the lakes (S2ati@nThe thermocline depth was then
related to volume using the stagieime relationships developed by BCH (Bruce 2001).

Where surface outflow is unknown, the outflow bafewas estimatdcbm the following:

0 0 0 O 6 (1)
wherel is inflow rate (Aiday), Pis precipitation (m/dayk is evaporation (m/day), aAdis the
area of the lake fimWhered is known (e.g., Upper Campbell Resenmair Lower Campbell
Reservo)rthe estimated was compared to the measu¥edo determine relative accuracy of the
computed outflow rates using Equation Etjuation (1) is a water balance methatineglects
potential groundwater recharg@et diange in storage

Where theriflow rate § ) is unknown, it was estimated by computing a runoff coefficient for the
watershed. The runoff coefficient was estimated from local precipitation and climate data, with
refinements for geology, local hydrology, slope, and land use (WHlihtah895). Wherg is

known (e.g.Lower CampbelReservo); the estimated runoff coefficient was compared to the
measured to determine relative accuracy of the computeaffr BC Hydro also operates flow
gauge®n either side ofhe Quinsamdiversionthat provide a check on the order of magaitfd

inflow data computed for Gooseneck, Middle Quinsam, and Snakehe#d dakerary of the
hydrometric stations used in the inflow and outflow calculations is proviceueiri, Map 6

shows the locations of the stations relative to the study lakes.

Table 7. Hydrometric stations used in the water residence time computations
Parameters Recorded
Lake/Reservoir  Hydrometric Station Name Station No. Level Inflow (Q,) Outflow (Q,)
(m) (m¥s) (m¥s)

Upper Campbell Buttle Lake Above Campbell Lake 08HDO033 x*

Elk River Above Campbell Lake 08HDO018 X X

Upper Campbell Lake at Strathcona Dam 08HD031 X 'S
Lower Campbell Upper Campbell Lake at Strathcona Dam 08HD031 X x*

Salmon River Diversion Near Campbell Rie8HD020 X X

BC Hydro Ladore Dam n/a X
Gooseneck Quinsam Diversion Near Campbell River 08HD026 X X
Middle Quinsam Quinsam River at Argonaut Bridge 08HD021 X X

'Data used only to determine connectivity between Upper Campbell Reservoir and Buttle Lake.
“Data provided by BC Hydro.
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2.4.2Thermocline Depth
The presence of a thermocline can influence the water residence timeLak&skesten exhibit
strong stratification of temperature due to density diffsremceater, which occurs most often
during summer months. Seasonal stratification limits the extent of vertical mass transport. Under
stratified conditions, inflows will form intrusions of limited vertical extent, outflows will be typically
drawn from a rraow range of depths, and theambe parts of théake that becomsolated from
the inflow and outflow process These isolated pieces of water can remthi@lakefor much
longerperiods of time than predicted from the ratidakevolume and anml flow rate. The
presence and depth of the thermocline was used as a mearadterizatratified conditions
within thereservoirs anidkesof the Campbell River system

To determine the presence and depth of a thermocline, lake temperaturev@refdetiected at

six of the study lakes (Lower Campbell Reservoir, Beavertail Lake, Goosenddiddlake
QuinsamLake, Snakehead Lake ddppe Quinsam LaKein September 2015. Tidlbv.2
temperature data loggers (Onset) were attache?l rat ifitervad to a rope with an anchor and

lowered at the deepest point of the lake, which was ascertained from bathymetric maps of the lakes.
The lake temperature profiles collected represent only a snapshot of the thermal conditions for a
particular location on apaular date, without any spatial or temporal vari&mthe profiles

were collected in late summer, the estimated growing season thermocline depths are likely biased
high. To increase the sample size, additional temperature measurements weresfusedh® d

depth of the thermocline in the selected lakes. These temperature measurements were extracted
from a number of unpublished reports catalogued in the library of MELP (Vancouver Island
Region, Nanaimo). A summary of these data are providedatdH{a€00), Appendix A.

2.4.3 Precipitation and Evaporation
Local precipitation datereobtained to determine the daily atmospheric inputs to the study lakes,
and to derive water inflow from thdrainage basins. There are a number of climate stations within
the WUP study area; however, only two stations had continuous precipitation data within the
vicinity of the study lake3aily precipitation data were obtained from the BCH climate stations at
Strathcona Dam (SCA) and Salmon River above the Diversion{Q@tNaccessed from PCIC
2013 (Table8). In 2015, precipitation data were only available from Station SCA. For the other
years, data were obtained from the clistateon located within the lake watershadd/or the
station at a similar elevation to the |3lable€9). The SCA and QIN climate stations only record
minimum and maximum daily air temperature. The closest climate station with a continuous record
of daily air temperature for the study peri ot
The average daihir temperature recorded at this station was used to compute lake evaporation
(Tablel10). The locations of the climate stations are showaprlL
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Table 8. Climate stations used in the water residence time computations.
Parameters Recorded
Climate Station Name Station No. Elevation Air Temperature Precipitation  Time Interval
(m) (deg. C) (mm)
Strathcona Dam (SCA) 2501 227 X X Daily 2012 - 2015
Quinsam River at Argonaut Bridge (QIN) 2498 280 X X Daily 2012 - 2014
Campbell River Airport Climate Station (A)6678 108 X X Daily 2012 - 2015
Table 9. Summary of the climate station used to obtain precipitation data for each
study waterbody
Waterbody Precipitation
SCA QIN

Upper Campbell Reservoir  x
Lower Campbell Reservoir X
Beavertail Lake

Gooseneck Lake

Middle Quinsam Lake
Snakehead Lake

Upper Quinsam Lake

X X X X X

Lake evaporation estimates are required eéondae thesvaporative lossé®m the study lakes.

There are no direct measurements of evaporation from the WUP study lakes, and continuous
measurements of net radiation, vépeed, and humidity are not available to compute evaporation.
Two empirical methods were used to estimate monthly total potential evapotranspiration (PET)
from the study lakes based on air temperature. Evaporation from open water is equivalent to
potential evapotranspiration, primarily because in both conditions the supply of water is non
limiting, meaning there is an adequate supply of water for evaporative processes.

The Thornthwaite formula (1948) is commonly used to estimate evaporation from latatawhen
are sparse and is given by,

6

oY po— 2)
where 'O "Yis potential evapotranspiration for momtimm/month); "Y is mean monthly air
temperature’C), obtained frolsnvi r onment Canadad s(POiCa26i3e | | Ri
the Iacal heat index given by,
8
‘O B — 3)
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and the coefficiemt T xuv Ozx® O pW¢NMO T wgwn pm (Xuand Singh

2001, Equations 4a and 4i)e formula is for a month with 30 days and was adjusted for latitude
and number of days in a month by multiplying the calc@awg a correction factor (Dunne and
Leopold 1978, TableZ. Thornthwaite evaporation values have been found to camefiamgth

values obtained using the Boweio energy budget method for a small mountain lake in
northeastern USA (Rosenbeatyal2007), and energy budget values for a wetland in North Dakota
USA (Rosenberrgt al.2004) However, Thornthwaitgalues have been have been found to
oveestimatepotential evaporation in the summer months when compared to results from the
Penman PET formula (Sha@994, a physicalgased formula for estimating potential
evapotranspiration.

Due to the uncertainty iThornthwaite evaporation estimates during summer months, the Hamon
method (1961) was also used to derive monthly estimates of potential evapotranspiration. The
Hamon method has been shown to provide reasonable estimates of evaporation when compared to
evaporation computed from energy budget metmatiwithin 2% of annual reservoir evaporation

from pan data (pan estimates of evaporation) (Delt@h2004 Rosenberrgt al.2007. The

Hamon method is based on the mean air temperature and is expressed a

OY ®u— O—X & (4)

whereO “Ys potential evapotranspirationnfday), D is the hours of daylight for a given day (in
units of 12 h) and ds a saturated water vapour density term calculated by

~ 8
0o 2— (5)

whereTais daily mean air temperature (°C), SVD saturated vapily démnean air temperature

(gm?).

Total annual and seasonal (May 15 to October 1) lake evaporation estiradtesnsiderably

between the two method$aple 10). The difference in the average total annual precipitation
calculated was 150 + 6 mm; the seasonal difference in total evaporation estimates was even greatel
(232 £ 47 mm). A literature sdaxgas conducted to determine the most reliable estimates of lake
evaporation for the study lakes. Lake evaporation estimates are available for two areas on Vancouver
Island: Ladysmith and Salt Spring Is(&pdagu@007) Though these are southern locaticome

of these lakes are at a similar elevation to the lakes within the Campbell River area.

Lake evaporation was estimated for lakes within the Ladysmith area on Vancouver Island (Tetra
Tech EBA 2014). The mean annual evaporation for these lakegenasmed to be 642 mm.

Similar estimates of annual evaporation were determined for lakes on Salt Spring Island (713 mm
and 585 mm) (reported in Sprague 2007). Evaporation was found to lower lake levels on Salt Spring
Island by about 0.3 m during the gngnseason (Sprague 2007). Another study of the same lakes,
estimated total seasonal lake evaporation to be approximately 411 mm (Barnett et al. 1993). These
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estimates agree well with the annual and seasonal evaporation estimates computed from the
Thornthwate formula (1948Yablel0), and were therefore used to compute lake evaporation.

Table 1Q Total annual and seasonal lake evaporation comfed from the Hamon (1961)
method and Thornthwaite (1948) formula for the years 262@15.

Thornthwaite Formula Hamon Method

Evaporation® Evaporation®
(mm) (mm)
Annual
2012 616 467
2013 629 472
2014 624 480
2015 654 498
Seasond
2012 432 229
2013 444 230
2014 541 240
2015 454 243

! Computed using average daily air temperature recol
Environment Canada's Climate Station A
2May 15 - October 1

The average annual and seasonal precipitation and potential evapotranspiration data are provided in
Tablell Precipitation varied according to location and year. On average, the difference in annual
precipitation between the two stations was 119 mm, and the average seasor@kc{diey 1%

difference in precipitation was 9 mm. The annual precipitationmeat db both stations in 2013

with values 393 mm (SCA) and 338 mm (QIN) less than the highest precipitation recorded in other
years. During the same year, the precipitation from May 15 to October 1 was the highest relative to
the other years. For histoticantext, the average total annual precipitation recorded at SCA from
1981 to 2015 was 13%®%n; the average total seasonal precipitation for the same period was
236mm. Precipitation dat@ereavailable at the QIN station from 1F®14 During this timethe

average total annual precipitation was 1183 mm, and the average total seasonal precipitation was
242mm. The range in annual and seasonal precipitation values over the study peziath§2012
provide valuable information on how water residence temgdetween years with lower than
average, average, and higher than average precipitation.

Total annual lake evaporation ranged from 616 to 654Talste {1). In 2A.2, there was a
significantly greaterstimatedannual loss of water at those lakes in similar proximity and/or
elevation to the Quinsam (QIN) BC Hydro climate station than those near the Strathcona Dam
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climate station (SCA). Seasonal (May 15 to Octola&e Bvaporation estimates ranged from 432
to 541 mm, resulting in a net loss of lake water in alledaled ().

Table 11 Total annual ard seasonal precipitation and estimated lake evaporation data
used in the water residence time computations.

SCA QIN? SCA QIN
Precipitation Precipitation Evaporation3 P-E P-E
(mm) (mm) (mm) (mm) (mm)
Annual
2012 1424 1185 616 808 569
2013 1031 902 629 402 273
2014 1229 1240 624 605 616
2015 1253 no data available 654 599 SCA data use(
Seasonaf
2012 204 183 432 -228 -249
2013 400 414 444 -43 -30
2014 175 208 541 -367 -333
2015 220 no data available 454 -233 SCA data use(

! BC Hydro climate station at Strathcona Dam (SCA).
“BC Hydro climate station at Salmon River above the Diversion (QIN).

3 The Thornthwaite (1948) formula was used to determine evaporation.
“May 15 - October 1

2.4.4Inflow Rate
To estimate the inflow raté ), an algorithm was created using a modified Soil Conservation
Service (SCS) runoff curve numlger) (method (SCS 1972). The runoff curve nuniberié a
coefficient that reduces the total precipitation to runoff potential, after losses to evaporation,
absorption, transpiration, and surface storage have been taken into account. In its modified form,
the model is based using the following equation
0 — (6)
wherel is runoff (nm), 0 is precipitation (MO is initial abstractionwéter retained in surface
depressions, intercepted by vegetation, evaporation, aratiorilidrkpressed in mand™Yis the
potential maximuroapacity ofetention after runoff beginsi).

Parameteis equivalent to

0o ™ OYD, (7)

wherecoefficient accounts for the water retention capacity of vegetation as function of different
land uses of watershedC r n cet al.2009) The ratio of OF"¥0.2 is commonly used in the
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scientific literature, as this was the original relationship publishederdithigexatio was developed
through studies of many small agricultural watersheds. Hei&i(Z)02) examined the ratio of
‘OfYusing rainfall and runoff data from numerous watersheds in the U.S. They found that over 90
percent of the ratios weess than 0.2. In this study, the ratio is adjusted by the coéffiasrit

provides a physical basis for adjustingOh#relationship that is directly related to each individual
watershedCoefficient was determined by computing an-areighed runoff coefficient for each
watershed that reflects the percent cover of different vegetation and surface types within the
watershedlhe type and area (Rnof the different surface covers were determined using the British
Columbia Forest andegetation Cover Resources Inventory (MFLNRO 2016a) and GIS spatial
analysis and mapping functions.

Parametely the potential maximumatemretentionis expressed as

Y 8

gut (8)

where the# . index is aletermined according to land use,hsa@itological group (A, B, C, D) and
antecedent moisture conditiombe higher the# . value, the higher the runoff potential will be.
The majority of the surface soils within the study area areFéunwoPodzol¢Valentineet al
1978) These soilsare tassified as Soil Group B (Soil Conservation Set@c8), and ra
moderately wedlrained(i.e, the upper meter of soil is not saturated for long durations).

Thewa t e r suhve duihiser represents the spatial variability of runofivamderivedfor
hydrologic soil group B and th&rious landises and hydrologic conditions of the water&iosa,
tabulated values published in Chaptef ¢he National Engineering Handbook of Hydrology
(USDA'SCS 1985The type and area (Rmof the different surfacarld uses were determined using

the British Columbia Baseline Thematic Mapping Present Land Use Inventory (MFLNRO 2016b)
and GlISspatial analysend mapping functioné\n areaweightedcurve numbewas computed

based on the different land uses within #enshed, and then corrected for the average slope of
the watershed

For each daythe areaweighteeaverage curve numbeas adjusted according to the -flag
antecedent rainfall amount to account for the temporal variability of ruhefivatershedThe
adjustments were different for the growing season (Aejptémber 30) and the dormant season
(October 1 to March 3I)¢blel?).
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Table 12 Antecedent moisture conditions used to adjust areaeighted curve numbers.

Antecedent Condition Growing Seasoh Dormant Seasofi
5-Day Antecendant Rainfalb-Day Antecendant Raint
Dry AMC | <35 mm <12 mm
Average AMC I 35-53 mm 12-28 mm
Wet AMC Il > 53 mm > 28 mm

L April 1 to September 30
2 October 1 to March 31

The watershed characteristics used to determine inflow rate are preSahteti3mA breakdown

of inflow, evaporative loss, and outflow computed for each of the study lakes is préaioled in
14 and Table 15 for the annual and seasonal periods, respectipggr Campbelind Lower
Campbelleservos had the highest annual and seasonal infralwsudflows and Snakehead and
Beavertaiblkes had the lowest.

Table 13 Watershed characteristics, including drainage area, average slope of the
watershed, runoff coefficients, runoff curve numbersd/), and soil retention

capacity (9.
Watershec Average Runoff CN CN CN S S S
Waterbody Ared' Slope Coefficient ()2 @ amy* 2 @ @n*
km?3 (%) (mm) (mm) (mm)
Upper Campbell Reservoir 1192.8 56.3 0.46 43 69 97 | 338 113 8
Lower Campbell Reservoir 1422.3 49.2 0.46 48 66 80 | 275 132 65
Beavertail Lake 5.7 10.3 0.47 39 58 76 | 396 182 81
Gooseneck Lake 99.1 15.1 0.48 40 60 78 |382 172 74
Middle Quinsam Lake 111.7 25.6 0.46 40 60 78 | 379 170 72
Snakehead Lake 19.8 13.7 0.48 40 60 77 | 382 172 74
Upper Quinsam Lake 84.6 30.9 0.46 40 60 78 | 380 171 73

'Watershed area for Gooseneck and Middle Quinsam lakes include the local watershed area plus
upstream of the diversion.

2Area—averaged, slope corrected curve nu@bgrgnd soil retentiors] used for dry soil conditions.
3Area-averaged, slope corrected curve numbgrgnd soil retentiors] used for average soil conditions
4Area-averaged, slope corrected curve nu@bNgrgnd soil retentiorsj used for wet soil conditions.
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Table 14 Total annual inflow (Q), precipitation (P) minus evaporation (E) multiplied by lake area, and lake outflow ({)
computed for20122015.

2015 2014 2013 2012
Waterbody Q; (P-E)*Lake Are  Q, Qi (P-E)*Lake Area  Q, Q (P-E)*Lake Are  Q, Qi (P-E)*Lake Area Q,
(m) () (m) (m) (m) (m) (m) (m) (m) (m) (m) (m)

Upper Campbell Reservdlrt48E+09  4.E+07 1.52E+092.26E+09 4.15E+07 2.30E+09 1.26E+09 2.76E+07 1.29E+092.06E+09 5.55E+07 2.12E+0¢
Lower Campbell Reservdit59E+09  2.E+07 1.60E+099.27E+08 1.30E+07 9.40E+08 8.26E+08 8.64E+06 8.35E+089.22E+08 1.74E+07 9.39E+0¢

Beavertail Lake 3.52E+06 6.E+05 4.13E+063.96E+06 6.34E+05  4.59E+06 4.08E+06 2.81E+05 4.36E+063.89E+06 5.85E+05 4.47E+0¢€
Gooseneck Lake 3.07E+07 5.E+05 3.12E+073.81E+07 4.81E+05  3.86E+07 4.61E+07 2.13E+05 4.63E+073.25E+07 4.44E+05 3.29E+07
Middle Quinsam Lake 6.22E+07  4.E+05 6.27E+077.11E+07 4.47E+05 7.16E+07 6.72E+07 1.98E+05 6.74E+077.18E+07 4.12E+05 7.22E+07
Snakehead Lake 3.40E+07 1.E+05 3.41E+074.02E+07 1.25E+05  4.03E+07 4.61E+07 5.52E+04 4.62E+073.55E+07 1.15E+05 3.56E+07

Upper Quinsam Lake  5.97E+07 3.E+06 6.24E+077.06E+07 2.70E+06 7.33E+07 7.28E+07 1.20E+06 7.40E+076.71E+07 2.49E+06 6.96E+07

Table 15 Total inflow (Q,), precipitation (P) minus evaporation (E) multiplied by lake area, and lake outflow ({p
computed for from May 15 to October 1, 20PD15.

2015 2014 2013 2012
Waterbody Qi (P-E)*Lake Are  Q, Qi (P-E)*Lake Area  Q, Qi (P-E)*Lake Are  Q, Qi (P-E)*Lake Area Q,
(m) (m) (M) (m) (m) (m) (m) (m) (m)  (m) (m) (m)
Upper Campbell Reservok:15E+08 -8.81E+06 4.07E+084.26E+08 -1.39E+07 4.12E+08 4.60E+08 5.08E+06 4.66E+084.47E+08 -8.66E+06 4.38E+0¢
Lower Campbell Reservdit45E+09 -3.40E+06 1.45E+094.11E+08 -4.36E+06 4.06E+08 3.77E+08 1.59E+06 3.79E+084.28E+08 -2.71E+06 4.26E+0¢

Beavertail Lake 1.59E+06 -1.32E+05 1.46E+062.16E+06 -1.75E+05 1.98E+06 1.93E+06 9.06E+04 2.02E+062.23E+06 -1.51E+05 2.08E+0¢€
Gooseneck Lake 2.14E+07 -1.00E+05 2.13E+072.09E+07 -1.33E+05 2.07E+07 1.83E+07 6.86E+04 1.84E+071.98E+07 -1.15E+05 1.97E+07
Middle Quinsam Lake 1.91E+07 -9.29E+04 1.90E+072.91E+07 -1.23E+05 2.90E+07 2.84E+07 6.38E+04 2.84E+074.03E+07 -1.06E+05 4.02E+07
Snakehead Lake 2.29E+07 -2.59E+04 2.28E+072.12E+07 -3.43E+04 2.11E+07 2.11E+07 1.78E+04 2.11E+072.07E+07 -2.97E+04 2.07E+07

Upper Quinsam Lake  2.60E+07 -5.62E+05 2.54E+073.28E+07 -7.45E+05 3.21E+07 3.00E+07 3.86E+05 3.04E+073.87E+07 -6.44E+05 3.80E+07
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3. RESULTS

3.1.Invertebrate Sampling

3.1.1Zooplankton
3.1.1.1Abundance

Dominant zooplankton taxa werBaphniidag Cyclopoida, Calanoid®8osminidage Sididag
Polyphemidae and Leptodoridae. Together, these taxa com@@&edf>the individuals sampled

in 2015, with 85% of individuals belonging to one of three Dapaniidag Calanoida and
CyclopoidaTablel6). Daphniidaavas the mst abundant taxon in Lower CampBRebkervoir and
Snakehead Lake, where it respectively comprised 51% and 50% of the individua{Bigarepled

19. Cyclopoidavas the most abundant taxon in Beavertail Lake and Upper Quinsam Lake, where it
respectively comprised 42% and 32% of the individuals sampled. Between 9% and 17% of
individuals in each lake belonged to the Cal&naigs. Individuals belonging to thédwing taxa

were also occasionally recorded, typically in only a single sample collected throughout the season:
ArachnidaRadiolarigOligochaetarricladideandGammaridae

The taxonomic compositions of samples were broadly similar to those ottlakésreampled in
Year 1, whemaphniidaewvas the most abundant family in each lake (HoekiaR015). It is
notable though that copepods comprised a greater relative proportion of the samplesHorYear 2
example, only ®2.4% of individuals frormach lake were assigned to the family Cyclopoida in
Year 1, whereasd2% of individuals from each lake were assigned to this family in Year 2.

2 This order was not identified to a lower taxonomic level but, based on the results of Year 1
sampling, this order likely compriBeaiptomispp (Hocknget al 2015)
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Figure 19 Example of zooplankters collected during Year 2 sampling. The photograph
shows multiple Daphniidae individuals and a single Polyphemidae individual
(Polyphemus pediculusnote fused compound eyes)

3.1.1.2Biomass

Tablel7 presents a summary ehgith measurements, published Iébgtimass relationships and

mean biomass valugstaxahat were used to estimédtal zooplanktobiomasdy laken Year 1

and Year 2 samples. Zooplankton biomass was not estimated during Year 1; insispeciiaxon

bi omass values estimated in Year 2 were used
during both years. Consequently, zooplankton biomass estimates for bothgaez2D) (and

Year 2Figure2l) are presented here.

In Year 1, zooplankton biomass in each sampledia8 6/ LQg( mean = 34 Qg/ L
devi at i onFigare2@.71n Y&ay 1, bipmass was highest in Middle Quinsam Lake in June
and July (4. 06 Qg/ L) a n d nebkilLgkk ensAtugust @9 G Qmd d ) . Zoopl
biomass was consistently lowest in Upper Campbell Lake reservoir ind2ear 1 ®g / L) .

In Year 2, zooplankton biomasswa& 32 Qg/ L ( mean = 19 Qg/L; stan
Figure21). There were no consistent differences in biomass between lakes, although biomass was
generally greatest in Beavertail Lake in June and July. There was indication of a relative decline in
biomass in the samples collected in early September in Year 2, with biomass in all lakes generally
lower during this month relative to earlier in the seksgurg21). This contrasts with evidence

that there was a slight increase in mean length of individuals as the growing season progressed
(Figure5), and it was qualitativelpserved during taxonomic analysis that lipid content (and thus
presumably biomass) increased in individuals that were sampled in September. Thus, it seems that
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abundance and overall biomass generally declined during September, although the mean biomass of
individuals may have been slightly higher.

It is notable that there was sometimes substantial variation in biomass between replicate samples
collected at the same site (e.g., compare replicates in June 2014ddKARODO or samples

collected at diffen¢ sites during one day on the same lake (e.g., compare data for LCR sites
sampled in June 2015).

Daphniidaevas typically the family that made the dominant contribution to biomass in samples
collected during both Year Bigure20) and Year 2Hgure21), reflecting both the relative high
abundance of this taxon (Sectioh.1.}), and the relativelyigh estimated biomass of individuals
(Tablel?). Daphniidaendividuals comprised >50% of the biomass of most samples. Bosminidae
individuals usually made the sedgrehtest contribution to biomass in samples for Year 1, when

they comprised an average of 22% of the biomass in samples. Note that the relatively high biomass
of Bosminidae iTableli7)meantuhat| relatie 60.aRuAdanQeg this taxon made a
disproportionately higher contribution to biomass in each sample compared with copepods
(Calanoida and Cyclopoida), which were estimated to have much lower Bionass ( Qg and
0.96Q0g r e s prabte1?) based iy length measurements. In Year 2, the taxon that made the
seconégreatest contribution to biomass was typicdilgr édosminidae, Calanoida or Cyclopoida;

the mean contribution to overall biomass of each of these three taxa was 11% across all Year 2
samples.
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Table 16 Zooplankton abundance, 2015.

Zooplankton abundance (individuals/L)

Waterbody Site Month Arachnida BosminidaeCalanoidaCyclopoidaDaphniidae GammaridaeLeptodoridaeNauplii OligochaetaOnychopodaPolyphemoideaRadiolarianSididae Tricladida
LCR-LKZPO1 June 23 1517 204 1200 5908 0 181 45 0 45 0 0 136 0
July 23 226 385 1324 3610 0 170 34 0 147 0 0 147 0
Sept 0 147 447 945 390 0 28 11 0 28 0 0 85 0
Lower Campbell LCR-LKZP02 June 0 110 11 81 338 0 20 0 0 7 0 0 4 0
Reservoir July 11 79 192 1086 2071 0 147 23 0 45 0 0 45 0
Sept 0 221 821 1630 985 0 17 6 0 23 0 0 108 0
LCR-LKZP03 June 34 656 238 883 2139 11 79 0 0 0 0 0 34 0
July 57 181 453 1143 3407 0 204 45 0 170 0 0 124 0
Sept 11 430 577 1324 724 0 34 6 0 11 0 0 153 0
Abundance (all months; %) <1% 9% 9% 25% 51% <1% 2% 0% 0% 1% 0% 0% 2% 0%
BVR-LKZP01 June 0 244 279 3517 6338 0 279 0 0 70 0 0 139 0
July 0 296 1097 6251 3291 0 70 0 0 0 0 0 435 35
Sept 0 200 897 3160 688 0 0 0 0 26 0 0 322 0
BVR-LKZP02 June 0 302 1117 3712 5221 0 151 0 0 0 272 0 302 0
Beavertail Lake July 0 211 1086 6278 3712 0 60 30 0 30 0 0 483 0
Sept 0 83 445 2015 792 0 30 0 0 0 0 23 264 0
BVR-LKZP03 June 0 0 7666 0 362 0 0 181 0 2052 0 0 483 0
July 0 91 1720 8451 4678 0 91 30 0 91 0 0 785 0
Sept 0 91 226 1690 672 0 38 0 0 8 0 0 400 0
Abundance (all months; %) 0% 2% 17% 42% 31% 0% 1% 0% 0% 3% <1% <1% 4% 0%
SNA-LKZPO1 June 0 85 821 1188 4499 0 198 0 0 198 0 0 340 0
July 0 0 1273 990 6196 0 368 0 0 85 0 0 198 0
Sept 0 212 863 2065 297 0 0 0 0 0 2617 0
SNA-LKZPO2 June 0 0 792 616 3182 0 126 0 0 25 0 0 126 0
Snakehead Lake July 0 0 855 453 2301 0 365 0 0 13 0 0 340 0
Sept 0 13 453 1408 1459 0 101 0 13 13 0 0 1169 0
SNA-LKZP03 June 0 32 125 566 1265 0 36 4 4 12 0 0 16 0
July 0 14 137 216 622 0 30 4 0 18 0 0 67 0
Sept 0 8 356 614 954 0 40 0 0 8 0 0 420 0
Abundance (all months; %) 0% 1% 14% 19% 50% 0% 3% <1% 0% 1% 0% 0% 13% 0%
UPQ-LKZP0O1 June 0 634 498 1256 1369 0 91 11 0 11 0 0 0 0
July 23 487 736 1596 1890 0 34 0 0 102 0 0 407 0
Sept 0 91 215 1850 181 0 0 0 0 17 0 0 147 0
Upper Quinsam UPQ-LKZP02 June 0 1007 328 1154 770 0 57 0 0 0 0 0 11 0
Lake July 0 170 1053 1483 1743 0 45 0 0 23 0 0 713 0
Sept 0 136 385 2162 249 0 57 6 0 6 0 0 158 0
UPQ-LKZPO3 June 0 487 538 838 407 0 6 0 0 17 0 0 317 0
July 0 407 453 1211 1437 0 23 0 0 45 0 0 260 0
Sept 0 108 232 877 390 0 119 0 0 11 0 0 130 0
Abundance (all months; %) <1% 8% 11% 30% 20% 0% 1% <1% 0% 1% 0% 0% 5% 0%
Total abundance (all samples; %) 0% 5% 14% 33% 38% 0% 2% 0% 0% 2% 0% 0% 6% 0%
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Table 17. Summary of data andelationships used to estimate the mean biomass of
dominant zooplankton taxa.
Sample i
P . _#_ of Mean Std. deviation Biomass (W) ~ length (L) Estlmgted mean
Taxon Lak Month individuals length (om) relationshi biomass Reference
ake ° measured  ( Om) P (Qg/indiv

Daphniidae Beavertail June 16 1103 259 5.30

Lower Campbell June 18 1231 208 7.44

Snakehead June 15 1113 266 _ 5.53

Upper Quinsam  June 20 1002 240 InW = 1.51 + 2.56-lh 401 Dumontet al (1975)

Upper Quinsam  July 20 1143 266 5.93

Upper Quinsam  Sept 20 1300 321 8.16
Bosminidae Beavertail July 15 932 979 InW =2.711 + 2.529:In 6.20 Bottrellet al (1976)
Sididae@iaphanosomsp.) Beavertail July 15 930 531 InW =1.289 + 3.039:In 1.90 Rosen (1981)
PolyphemidaéPplyphemus pedjculus - - 700* - InW =2.779 + 2.152:In 7.47 Rosen (1981)
Leptodoridaeleptodora kingltii  Beavertail July 4 1763 655 InW =-0.822 + 2.67:In 1.70 Rosen (1981)
Cyclopoida Beavertail July 19 InW =1.953 + 2.399:In 0.96 Bottrellet al (1976)
Calanoida Beavertail July 19 InW =1.953 + 2.399:In 2.60 Bottrellet al (1976)
Naupilii - - - - - Constant biomass assigned. 0.40 Hawkins and Evans (197¢

1. Body lengths were not measured for this species, which was typically present in low abundance (usually <20 individirsiséshorptbl middle of the range of body lengths (0.7 mi

measured by Rosen (1981).

Figure 200  Zooplankton biomass for Year 1 samples. Lower case letters in site
descriptions denote replicates.
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Figure 21 Zooplankton biomass for Year 2 samples.
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Figure 22  Copepods in a zooplankton sample collected in September 2015. Note stored
lipids (red vesicles), which were qualitatively observed to be more abundant
in individuals sampled inSeptember relative to earlier in the growing season.
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3.1.2ittoral Invertebrates
Littoralinvertebrates sampled at all lakes in July 2015 are summadbéd & When all samples
are combined, the most abundant taxa were: Hemiptera (33%), Diptera (14%), Amphipoda (13%),
Coleoptera (10%) and Odonata (7%). Sample composition varied substantially between lakes.
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3.1.3Streaninvertebrates
Stream invertebrates sampled at all lakes in July 2015 are sumrabiE=divWhen all samples
are combined, the most abundant taxa were: Coleoptera (39%%, Q&#€y, Ephemeroptera
(13%), Plecoptera (9%), Trichoptera (8%) and Hemiptera $&%jple composition varied
substantially between lakes.

3.1.4Terrestrialnvertebrates
Terrestrial invertebrates sampled at all lakes during each of the three sampling months are
summarized iMable20 At each lake, there was considerable variability in sample composition
between months. However, when all months are combined, Dipteramast igundant order at
all lakes (#86% of individuals), except for Snakehead Lake where Hymenoptera was most
abundant overall (51% of individuals), notably in June and July. Individuals from another seven
orders were collected during Year 2, althougibthelance of these orders was generally low. Four
orders were represented by only a single individual collected during all sampling events.
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Table 18 Littoral invertebrate abundance, 2015.

Abundance (individuals/sample)

Waterbody Site Rep. AmphipodaAraneaeBivalviaColeoptereDiptera Ephemeropter&astropodaHemipteraHydracarindHymenopteraOdonataOligochaetaPlanorbidaePlecopteraPulmonata TrichopteraTricladida Trombidiformes
Lower 1 15 0 0 0 9 0 0 3 0 0 0 1 0 0 0 0 0 1
Campbell LCR-BIVO1 2 9 0 0 0 2 0 0 2 0 0 1 2 0 0 0 0 0 0
Reservoir Abundance (all replicates;  53% 0% 0% 0% 24% 0% 0% 11% 0% 0% 2% 7% 0% 0% 0% 0% 0% 2%
1 3 0 0 8 6 1 5 9 0 0 0 0 0 1 0 4 0 1
Beavertail BVR-BIVO1 2 0 1 1 7 0 0 3 7 2 0 4 0 0 0 0 0 0 0
Lake 3 0 0 2 5 1 2 5 18 0 0 2 0 0 1 0 0 0 0
Abundance (all replicates; 3% 1% 3% 20% 7% 3% 13% 34% 2% 0% 6% 0% 0% 2% 0% 4% 0% 1%
1 2 0 0 2 1 0 0 0 0 0 6 0 0 0 0 0 0 0
Snakeheac SNA-BIVO1 2 0 0 0 0 1 2 0 0 0 1 3 0 3 0 0 0 0 0
Lake 3 6 0 1 0 10 4 0 1 0 0 1 0 0 0 0 0 0 0
Abundance (all replicates; 18% 0% 2% 5% 27% 14% 0% 2% 0% 2% 23% 0% 7% 0% 0% 0% 0% 0%
Upper 1 0 0 0 2 0 0 0 18 0 0 1 0 0 0 9 0 1 0
Quinsam UPQ-BIVO1 2 0 0 0 1 4 0 0 9 0 0 1 0 0 0 0 0 0 0
Lake 3 0 0 0 0 3 0 0 20 0 0 0 0 0 0 3 0 0 0
Abundance (all replicates; 0% 0% 0% 4% 10% 0% 0% 65% 0% 0% 3% 0% 0% 0% 17% 0% 1% 0%
Total abundance (all samples; %) 13% 0% 2% 10% 14% 3% 5% 33% 1% 0% 7% 1% 1% 1% 5% 2% 0% 1%
Table 19 Stream invertebrate abundance, 2015.
§ : Abundance (individuals/sample)
Waterbody Date Site Replicate - - - - - - - - -
AraneaeBivalvid ColeopteraDiptera EphemeroptereGastropodd—IapIotaX|daHem|pteraHydracannd\/legaloptera.')donataoI|gochaet%1 PhysidaePlecopteralrichoptere
Lower 1 0 0 0 5 0 0 0 0 0 0 5 0 0 0 2
Campbell Jul 20, 201! LCR-SIVO1 2 0 0 1 1 12 0 0 1 0 0 0 0 0 4 0
Reservoir i 3 0 0 1 0 0 0 0 0 0 0 1 0 0 4 2
Abundance (all replicates; %) 0% 0% 5% 15% 31% 0% 0% 3% 0% 0% 15% 0% 0% 21% 10%
1 0 1 0 2 5 4 0 3 0 0 0 1 0 0 1
Beavertail Lake Jul 23, 201! BVR-SIV01 2 0 1 1 12 7 0 3 0 1 0 2 0 0 13 14
3 0 0 0 9 16 0 0 1 0 1 3 0 0 8 8
Abundance (all replicates; %) 0% 2% 1% 20% 24% 3% 3% 3% 1% 1% 4% 1% 0% 18% 20%
1 0 0 45 1 0 0 0 0 0 0 0 0 0 0 0
Snakehead Jul 21, 201! SNA-SIVO0] 2 0 0 36 4 0 1 0 0 0 0 0 0 0 1 0
Lake 3 0 0 38 0 0 0 0 0 0 0 0 0 0 0 0
Abundance (all replicates; %) 0% 0% 94% 4% 0% 1% 0% 0% 0% 0% 0% 0% 0% 1% 0%
1 1 0 0 0 2 0 0 12 0 0 0 0 2 0 0
Upper Quinsam Jul 22, 201! UPQ-SIVO01 2 0 0 6 14 0 0 0 2 0 0 1 0 0 0 0
Lake 3 1 0 0 2 0 0 0 3 0 0 0 0 0 0 0
Abundance (all replicates; %) 4% 0% 13% 35% 4% 0% 0% 37% 0% 0% 2% 0% 4% 0% 0%
Total abundance (all samples; %) 1% 1% 39% 15% 13% 2% 1% 7% <1% <1% 4% <1% 1% 9% 8%
1. Only enumerated to class.
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Table 20 Terrestrial invertebrate abundance, 2015.

Abundance (individuals/sample)

Waterbod Sit Month ) _ . ,
aterbody e on ArachnidaColeopteraDiptera HemipteraHymenopteraNeuropteraOdonata Orthoptera Trichoptera
June 0 3 13 1 0 0 0 0 0
Lower Campbell LCR-TIVO1 July 0 0 8 0 1 0 1 0 0
Reservoir Sept 0 0 23 0 1 0 0 0 0
Abundance (all months; 9 0% 6% 86% 2% 4% 0% 2% 0% 0%
June 0 0 20 0 1 0 0 0 0
. BVR-TIVO1 July 0 0 8 2 2 1 0 0 0
B tail Lak
caverial Laxe Sept 0 0 6 0 3 0 0 0 0
Abundance (all months; 9 0% 0% 79% 5% 14% 2% 0% 0% 0%
June 0 0 11 0 14 0 0 0 0
SNA-TIVO1 July 0 0 6 0 9 0 0 0 0
Snakehead Lake Sept 5 0 0 0 1 0 0 0 1
Abundance (all months; ¢ 11% 0% 36% 0% 51% 0% 0% 0% 2%
June 1 0 5 0 0 0 0 0 0
Upper Quinsam UPQ-TIVO1 July 0 0 5 0 1 0 0 1 0
Lake Sept 0 0 15 0 1 0 0 0 0
Abundance (all months; % 3% 0% 86% 0% 7% 0% 0% 3% 0%
Total abundance (all samples; %) 4% 2% 71% 2% 20% 1% 1% 1% 1%
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3.2.FishCatch

3.2.1Gill Netting
Gill netting catch (# of fish) and cafobrunit-effort (CPUE) by species and l&ken Year 4s
shown inTable21 Average CPUE by species wasipared acrossl lakes, including the lakes
sampled in Year Eifgure23. Average EUE for Cutthroat Trout wakighest at Snakehead Lake
followed by Middle Quinsam Lalend lowest irboth Upper and_ower Campbell Resensir
(Figure 23. CPUE for Rainbow Troutvas highest inUpper andLower Campbell Reservsi
(Figure23. Rainbow Trout were present in Beavertail Lake and may be absent in the remaining
lakes.

Table 21 Gill netting capture results from the Lower Campbell Reservoir and
Beavertail, Snakehead, and Upper Quinsam lakes, 2015.

Waterbody Site Sampling No. of Gill Netting  Gill Net Catch (# of fish)®  Gill Net CPUE (# of fish/net hr) *
Date  Sets Effort(hrs) cT RB DV CC TSS CT RB DV CC TSB

Lower Campbell LCR-LKGNO1 23-Aug-15 1 23.9 11 2 0 1 0 0.46 0.08 0.00 0.04 0.00
Reservoir LCR-LKGNO2 23-Aug-15 1 22.8 0O 27 O 0 0 0.00 1.19 0.00 0.00 0.00
LCR-LKGNO3 04-Oct-15 1 23.7 13 52 0 7 0 0.55 2.20 0.00 0.30 0.00

LCR-LKGNO4 04-Oct-15 1 25.2 0 28 1 0 0 0.00 1.11 0.04 0.00 0.00

LCR-LKGNO5 04-Oct-15 1 24.6 0 8 0 0 0 0.00 0.32 0.00 0.00 0.00

LCR-LKGNO6 04-Oct-15 1 24.5 10 13 O 1 0 0.41 0.53 0.00 0.04 0.00

Total 6 144.7 34 130 1 9 0 n/a n/a n/a n/a n/a

Average 1 24.1 6 22 0 2 0 0.24 091 0.01 0.06 0.00

SD n/a 0.9 6 18 0 3 0 0.26 0.77 0.02 0.12 0.00

Beavertail Lake BVR-LKGNO1 17-Aug-15 1 22.5 35 1 16 O 0 1.55 0.04 0.71 0.00 0.00
BVR-LKGNO2 17-Aug-15 1 23.5 15 3 0 11 O 0.64 0.13 0.00 0.47 0.00

BVR-LKGNO3 17-Aug-15 1 23.6 13 0 27 O 0 0.55 0.00 1.15 0.00 0.00

BVR-LKGNO4 17-Aug-15 1 23.9 17 0 32 0 0 0.71 0.00 1.34 0.00 0.00

Total 4 934 80 4 75 11 O n/a n/a n/a n/a n/a

Average 1 23.4 20 1 19 3 0 0.86 0.04 0.80 0.12 0.00

SD n/a 0.6 100 1 14 6 0 046 0.06 059 0.23 0.00

Snakehead Lake = SNA-LKGNO1 21-Aug-15 1 20.6 142 0 0 0 0 6.88 0.00 0.00 0.00 0.00
SNA-LKGNO2 21-Aug-15 1 19.8 66 0 0 0 0 3.34 0.00 0.00 0.00 0.00

Total 2 40.4 208 0 0 0 0 n/a n/a n/a n/a n/a

Average 1 20.2 104 0 0 0 0 5.11 0.00 0.00 0.00 0.00

SD n/a 0.6 54 0 0 0 0 251 0.00 0.00 0.00 0.00

Upper Quinsam LakeJPQ-LKGNO1 19-Aug-15 1 24.5 14 0 0 0 0 0.57 0.00 0.00 0.00 0.00
UPQ-LKGNO2 20-Aug-15 1 23.9 21 0 0 0 0 0.88 0.00 0.00 0.00 0.00

Total 2 48.4 35 0 0 0 0 n/a n/a n/a n/a n/a

Average 1 24.2 18 0 0 0 0 0.73 0.00 0.00 0.00 0.00

SD n/a 0.4 5 0 0 0 0 0.22 0.00 0.00 0.00 0.00

1 CT- Cutthroat Trout, RB - Rainbow Trout, DV - Dolly Varden, CC - Sculpin general, TSB - Threespine Stickleback.
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Figure 23 Catch-per-unit-effort (CPUE) during gill netting of Cutthroat Trout (CT),
Rainbow Trout (RT) and Dolly Varden(DV) from all lakes sampled in Year 1 and Year 2 of
the JHTMON -5 Program.
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3.2.2Trap Netting
Threespine sticklebacks wére primary fish speci¢éargetedby trap net fishingn Beavertalil,
Gooseneck, ower CampbellUpper CampbelSnakeheatlpper QuinsamandMiddle Quinsam
lakesIn the Lower CampbédReservoia total of 21Threespinesticklebackvere capturednd in
Upper CampbeReservoia total of 32 Stickleback were captidedT hreespinétickleback are
captured duringrap nettingefforts in BeavertaiGooseneckSnakeheadViddle Quinsam ath
Upper Quinsam lakesuggesting that Threespine Stickleback may be absent from th@sdblakes
22). CPUE for Threespine Sticklebagls 0.44 fish/trap hout0.43 SD in Lower Campbell
Reservoiand 0.19ish/trap hour (x0.27 SDh Upper Campbell Reserv@iable22, Figure24).

Cutthroat Trout and sculpin spp. were caught using trap netting from maost2akés[able22,
Figure24). In contrast, Rainbow Trout and Dolly Varden were only captured in Upper Campbell
Reservoir using this method.
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Table 22 Trap netting capture results fromUpper Campbelland Lower Campbellreservois, and Beavertail Gooseneck,
Middle Quinsam, Snakehead andJpper Quinsam lakes 2015.
Waterbody Site Sampling  No.of GillNetting  Gill Net Catch (# of fish)® Gill Net CPUE (# of fish/net hr) *
Date Sets Effort(hrs) "cT RB DV CC TSB CT RB DV CC TSB
Beavertail Lake BVR-LKTNO1 07-Oct-15 1 21.0 0 0 0 5 0 0.00 0.00 0.00 0.24 0.00
Total 1 21.0 0 0 0 5 0 n/a n/a n/a n/a n/a
Average 1 21.0 00 00 00 50 00 0.00 000 0.00 024 0.00
SD®> nla n/a n/a n/a n/a nla nla n/a n/a n/a n/a n/a
Gooseneck Lake GOO-LKTNO1 06-Oct-15 1 24.1 11 0 0 0 0 0.46 0.00 0.00 0.00 0.00
Total 1 24.1 11 0 0 0 0 n/a n/a n/a n/a n/a
Average 1 24.1 11.0 00 00 00 0.0 046 000 0.00 0.00 0.00
SD nla n/a nfa n/a n/a nla nla n/a n/a n/a n/a n/a
Lower Campbell Lake Reserv@iCR-LKTNO1 04-Oct-15 1 28.6 2 0 0 4 4 0.07 0.00 0.00 0.14 0.14
LCR-LKTNO2 04-Oct-15 1 22.9 0 0 0 1 17 0.00 0.00 0.00 0.04 0.74
Total 2 51.5 2 0 0 5 21 n/a n/a n/a n/a n/a
Average 1 25.7 10 00 00 25 105 0.04 000 0.00 0.09 0.44
SD nl/a 4.0 14 00 00 21 92 0.05 0.00 0.00 0.07 0.43
Upper Campbell Reservoir  UCR-LKTNO1 31-Aug-15 1 25.9 0 2 6 31 20 0.00 0.08 0.23 1.20 0.77
UCR-LKTNO1 01-Sep-15 1 18.5 6 20 2 3 1 0.32 1.08 0.11 0.16 0.05
UCR-LKTNO2 01-Sep-15 1 19.9 2 0 0 0 0 0.10 0.00 0.00 0.00 0.00
UCR-LKTNO3 02-Sep-15 1 19.4 0 0 0 3 4 0.00 0.00 0.00 0.15 0.21
UCR-LKTNO4 02-Sep-15 1 19.6 1 0 0 0 0 0.05 0.00 0.00 0.00 0.00
UCR-LKTNO5 03-Sep-15 1 21.6 4 0 0 3 3 0.19 0.00 0.00 0.14 0.14
UCR-LKTNO6 03-Sep-15 1 20.9 1 0 0 3 4 0.05 0.00 0.00 0.14 0.19
Total 7 145.8 14 22 8 43 32 n/a n/a n/a n/a n/a
Average 1 20.8 20 31 11 6.1 46 0.10 0.17 0.05 0.26 0.19
SD?> nla 2.5 22 75 23 111 7.0 0.12 041 0.09 042 0.27
Snakehead Lake SNA-LKTNO1 07-Oct-15 1 20.6 11 0 0 3 0 0.53 0.00 0.00 0.15 0.00
Total 1 20.6 11 0 0 3 0 n/a n/a n/a n/a n/a
Average 1 20.6 11.0 00 00 3.0 00 053 000 0.00 0.15 0.00
SD®* nla n/a nfa n/a n/a nla nla n/a n/a n/a n/a n/a
Middle Quinsam Lake QUN-LKTNO1  06-Oct-15 1 24.3 3 0 0 8 0 0.12 0.00 0.00 0.33 0.00
Total 1 24.3 3 0 0 8 0 n/a n/a n/a n/a n/a
Average 1 24.3 30 00 00 80 0. 0.12 0.00 0.00 0.33 0.00
sD® nla n/a n/a n/a n/a nla nla n/a n/a n/a n/a n/a
Upper Quinsam Lake UPQ-LKTNO1 03-Oct-15 1 26.5 0 0 0 8 0 0.00 0.00 0.00 0.30 0.00
Total 1 26.5 0 0 0 8 0 n/a n/a n/a n/a n/a
Average 1 26.5 00 00 00 80 00 0.00 000 0.00 030 0.00
SD?> nla n/a n/a n/a n/a nla nla n/a n/a n/a n/a n/a
1 CT- cutthroat Trout, RB - Rainbow Trout, DV - Dolly Varden, CC - Sculpin general, TSB - Threespine Stickleback.
2 No standard deviation is calculated if only one sample occurs.
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Figure 24 Catch-per-unit-effort (CPUE) of Cutthroat Trout (CT), Threespine
Stickleback(TSB) and Sculpinspp. (CC) during trap netting from Upper
Campbelland Lower Campbellreservois, and Beavertail,Gooseneck, Middle
Quinsam, Snakehead andJpper Quinsam lakes 2015.
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3.2.3Minnow Trapping
No ThreespineStickleback individsalere caught during the June.tiijne remainder of this
section focuses on minnow trapping undertaken during the main Year 2 fish sampling program
undertaken in late summer. Data collected during this trip provide results that can be compared with
lakes sampled during this period inroglears of JHTMOPRMb.

Sculpinspp.and Threespine Sticklebdokl) were the only two species captured using minnow
traps in Year 2 samplind dble23). Sculpin spp. were caught across all lakes, including all lakes
sampled in Year 1 using this methtogure25). Sculpin spp. CPUE was highest in the largest lakes

and reservoirs (Upper Quinsam, Lower Campbell, Beavertail and Upper Campbell) and was the
lowest in the smallest lake (Snakehead DNakedll sculpin that were captured were identified to
species Some individual sculpin were identifiedPraskly SculpifCottus asper Coastrange
Sculpin(Cottus aleut)ctisereforeall capturedculpin have been categorizedcalpin spp. (CCA

single Threespine Stickleback was captured in the Campbell Lakesing this metho@able

23). No other Threespine Stickleback were caught.
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Table 23 Minnow trapping capture results from Lower Campbell Reservoir and
Beavertail, Snakehead, and Upper Quinsam lakes, 2015.

Waterbody Site Sampling  No. of Minnow  Minnow Trapping Catch  Minnow Trapping CPUE
Date Minnow  Trapping CcC TSB CcC TSB
Lower Campbell LCR-LKMTO04 23-Aug-15 5 118.1 57 1 0.48 0.01
Reservoir LCR-LKMTO5 23-Aug-15 5 118.0 3 0 0.03 0.00
Total 10 236.1 60 1 0.51 0.01
Average 5 118.1 30 1 0.25 0.004
SD nla 0.1 38.2 0.7 0.32 0.006
Beavertail Lake BVR-LKMTO05 17-Aug-15 5 117.2 27 0 0.23 0.00
BVR-LKMTO06 17-Aug-15 5 116.2 9 0 0.08 0.00
Total 10 2334 36 0 0.31 0.00
Average 5 116.7 18 0 0.15 0.00
SD nla 0.7 12.7 0.0 0.11 0.00
Snakehead Lake  SNA-LKMT04 21-Aug-15 5 101.5 0 0 0.00 0.00
SNA-LKMTO05 21-Aug-15 5 98.8 1 0 0.01 0.00
Total 10 200.3 1 0 0.01 0.00
Average 5 100.1 1 0 0.01 0.00
SD nla 1.9 0.7 0.0 0.01 0.00
Upper Quinsam Lak&JPQ-LKMTO1 19-Aug-15 5 125.1 75 0 0.60 0.00
UPQ-LKMTO02 19-Aug-15 5 124.1 9 0 0.07 0.00
Total 10 249.2 84 0 0.67 0.00
Average 5 124.6 42 0 0.34 0.00
SD nla 0.7 46.7 0.0 0.37 0.00

tce- Sculpin general and TSB - Threespine Stickleback.
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Figure 25 Catch-per-unit-effort (CPUE) of Sculpin spp. during minnow trapping from
all lakes sampled in Year 1 and Year 2 of the JHTMOBI Program
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3.2.4Individual ksh Analysis
Cutthroat Trout and Rainbow Trout captured in gill neiedvaubstantially in sizeength
frequency histogranof Cutthroat Trout and Rainbowrolt captured inBeavertail, Lower
Campbell, Snakehead, and Upper Quitskes ar@resented ifrigure26 Figure27, Figure28
and Figure29. In Beavetail Lake,the fork length ofCutthroatTrout ranged fron149 mm to
308mm, and Rainbow Trout ranged fr&@6mm to235mm. In Lowa Campbell Reservoihe
fork length ofCutthroatTrout ranged froni95 mm to 418 mm, andRainbow Trout ranged from
111mm to336 mm. The Prk length of Cutthroat Trout capturedsnakeheaahdUpperQuinsam
lakes rangeidom 115mm to314mm and203mm to 364 mm, respectively.

Cutthroat Troutand Rainbow Troutanged from two to siand two to fiveyearsrespectivelyin

age across all lakes sampled in Y.egisR age was positively relatedigh length in all lakes
sampled Kigure 30 Figure 31, Figure32 andFigure 33. In Lower Campbell Reservoir, our
subsample of Cutthroat Trout ranged in age from three to six years, and Rainbow Trout ranged in
age from two to five yeaFidure30). In Beavertail Lak€utthroat Trout ranged in age from 3 to 5

years, andll assesse®ainbow Troutwvere4 yearsof age(Figure31). Cutthroat Trout ampled

from Snakehealdakeranged in age frothreeto sixyeargFigure32), while Cutthroat Trout from
UpperQuinsam Lakeanged in age frotwo to sixyeargFigure33).
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Length at age distributions for Cutthroat Trout and Rainbow Trout were used tdisiefate
fork length ranges for each age digdake(Table24). These discrete fork length rangkswall

captured and measurfish to be assigned an age class based on fork |IEngtBxample, in
Beavenril Lake, 2 CutthroatTrout vary from 49to 153 mm in length, while 53utthroat Trout
varyfrom 255 to 308nm in lengthOne trend observed with these data isGoé&hroat Trout in

Lower Campbell Reservoir attain greater lengths at the same age compared to Cutthréiae Trout i
other lakes.

Figure 26. Length-frequency histogram of Cutthroat Trout{CT) and Rainbow Trout
(RB) captured in Lower CampbellReservoirbetween June and October, 2015.
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Figure 27. Length-frequency histogram of Cutthroaflrout (CT) and Rainbow Trout
(RB) captured inBeavetail Lake betweenJune and October205.
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Figure 28 Length-frequency histogram of Cutthroat Trout captured in Snakehead Lake
between Jume and October, 2015.
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Figure 29 Length-frequency histogram of CutthroafTrout captured in Upper Quinsam
Lake between June and October, 2015.
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Figure 30 Cutthroat Trout (CT) and Rainbow Trout(RT) length at age in Lower
Campbell Reservoir, 2015.
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Figure 31 Cutthroat Trout (CT) and Rainbow Trout(RT) length at age inBeavetalil

Lake, 205.
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Figure 32 Cutthroat Trout (CT) length at agein Snakehead_ake, 205.
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Figure 33 Cutthroat Trout (CT) length at agein Upper Quinsam Lake, 20%.
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Table 24 Fork length ranges used to define age classes of Cutthrdabut (CT) and
Rainbow Trout (RT) in Lower Campbell Reservoir and Beavertail,
Snakehead, and Upper Quinsam lake205.
Fork Length Range (mm)
Age Class Lower Lower Beavertail Beavertail Snakeheac Upper
g€ L1ass  campbell Campbell  Lake (CT) Lake (RB) Lake (CT) Quinsam
Reservoir (CT) Reservoir (RB) Lake (CT)
Fry (0+) - - - - - -
Parr (1+) - - - - 115 - 136 -
Parr (2+) - 124 -135 149 - 153 - 137 -172 -
Adult (3+) 195 - 252 153 -185 173 - 212 - 173 - 223 -
Adult (4+) 253 - 309 186 - 239 213 -254 206-235 224-238 -
Adult (5+) 310-363 240-283  255-308 - 239-296 254 -295
Adult (6+) 364 - 418 284+ - - 297 - 314 296 -364
Adult (7+) - - - - - -
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3.2.5StomaclContents
Stomach contenesuls for Cutthroat Trout and Rainbow Trout sampled fEeavertail, Lower
CampbellSnakeheadnd Upper Quinsam lakes are shownTeble26 Cutthroat Trout diet was
dominated by littoral invertebrates and by figth diet compositionvalying by lake. The
proportion of zooplankton observed in Cutthroat Trout diet was low and did not exceed 14% across
all lakes. In contrafainbow Trout diets from Lower Campbell Reservoir and Beavertail Lake were
dominated by zooplankton and littoral inveetss. No fish were observed in Rainbow Trout diets
in either lake.

Table 25 Stomach content resultdy volumefor Cutthroat Trout and Rainbow Trout
sampled from Upper Campbell Reservoir and Gooseneck and Middle
Quinsam lakes, 2014

Diet item Upper Campbell Reservoir Gooseneck Lake Middle Quinsam Lake
Cutthroat Trout Rainbow Trout Cutthroat Trout Cutthroat Trout

Littoral invertebrates 1.2% 41.7% 35.6% 87.5%

Zooplankton 0.0% 58.3% 53.3% 4.2%

Fish 98.8% 0.0% 11.1% 8.3%

Table 26 Stomach content resultdy volumefor Cutthroat Trout (CT) and Rainbow
Trout (RB) sampled fromLower Campbell Reservoir andBeavertalil,
Snakeheadand UpperQuinsam lakes, 204.

Lower Campbell Reservoi Beavertail Lake Snakehead Lake Upper Quinsam Lake

Diet Item

CT RB CT RB CT CT
Littoral Invertebrates 42.9% 41.2% 53.5% 77.5% 90.9% 68.5%
Zooplankton 0.0% 58.8% 14.1% 22.5% 4.5% 7.4%
Fish 57.1% 0.0% 32.4% 0.0% 4.5% 24.1%

3.3. Stable Isotope Data
3.3.1.Summary oftablelsotope natures byaxa

Nitrogen and carbon stable isotope signaturesfishadind invertebrates wesieilar amonghe

three lakes sampled in 2014 fadl lakes sampled in 20Egure34 and Figure35 respective)y
Cutthroat Trout had high U*N levels consistent with their top position within lake food.webs
RainbowTrout had loweii™N and i°C values than Cutthroat Trout, indicating increased pelagic
contribution to dietDolly Varden had high™N levels consistent with a piscivorous, digt had
similari™C to Rainbow Trou@maller prey fisgenerally had low&PN and{C thanlargetrout

and Dolly Varderonsistenwith their intermediate trophic level positions. Littoral invertebrates
and zooplankton had the low@siN signatures consistent with their lower relative food web
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positions. BHoplankton in particular had the low#3E levels consistent with their pelagic habitat,
whilelittoral, stream, and terrestrial invertebrates had fiid@ésotopic signatures, consistent with
theallochthonous sourad# carbon irtheirdiet Amongthe small prey fish, Threesp8tekleback

had the lowestC levels indicative of a pelagic dominated diet, whereas juvenile trout and Sculpin
spp( combi ned u nhhdifC valyes tleayovefldpset With the littoral invertebrates.
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Figure 34 Carbond nitrogen stable isotopebi-plots (mean + SD) of fish and invertebrates fromUpper CampbellReservoir
GoosenecklLake, and Middle QuinsamLakein 2014
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Figure 35 Carbond nitrogen stable isotopebi-plots (mean + SD) of fish and
invertebrates from Lower Campbell Reservoir, Upp&uinsam Lake,
Snakehead Lake, and Beavertail Lake in 2015
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Figure 36  Averagel™N stable isotope signatures in all taxa sampled across fdur lakes
in 2015 Z0O0 = Zooplankton, LI = Littoral Invertebrates, SI = Stream
Invertebrates, Tl = Terrestial Invertebrates, T8 = Threespine Stickleback,
SC = Sculpin spp., JT = Juvenile Trout, DV = Dolly Varden, RB = Rainbow
Trout > 150 mm, CT = Cutthroat Trout > 150 mm.
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Figure 37.  Averagel®™C stable isotope signatures in all taxa sampled acrosi four lakes
in 2015 Z0O0 = Zooplankton, LI = Littoral Invertebrates, SI = Stream
Invertebrates, Tl = Terrestial Invertebrates, T8 = Threespine Stickleback,
SC = Sculpin spp., JT = Juvenile Trout, DV = Dolly Varden, RB = Rainbow
Trout > 150 mm, CT = Cutthroat Trout > 150 mm.
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3.3.2Seasonalafiation in Zooplankton
Nitrogen and carbon stable isotope signatures in bulk zooplankton varied by mwitebtioh.
Across all lake&™N signatures in zooplankton were significantly higlsapitembecompared to
June or JulyF{gure38 ANOVA: F,,,= 147, p < 0.00). G"°C signatures in zooplankton were
significantly higher in both July an8eptember compared to June Figure 38
ANOVA: F,;+~ 13.4 p < 0.0Q). These results are nearly identical to those from the 2014 report.
i™N and{®C signatures in zooplankton walsosignificanthdifferent by lakelhe most enriched
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U™N andii®C were observed in Snakehead Lake and the most d&fNeseniii®C were observed
in LowerCampbelReservoi(ANOVA: F;;,> 5.7 p < 0.Q).

Figure 38 Monthly variation in the G0N and U*C stable isotope signatures in
zooplankton across alfour lakessampled in 2015
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3.3.3AssessingighDiet UsingMixingModels
Mean estimates of diet contributions of pelagic and littoral soufisbsdiets were fairly similar
across theeverlakesand are discussed for each lake isdbions below

3.3.3.1LowerCampbeland UppeCampbelteservos

Cutthroat Trout(age >2+)diets were dominated bitoral prey fish(Sculpin spp., and juvenile
trout) in LowerCampbelbnd Upper Campbettservos (44% and 53% respectivdbl)owed by
terrestrial invertebrates in Lower Campbell Reservoir (24%hraedpineSticklebackn Upper
Campbell Reserva@®6) (Figure39, Table27). This is consistent with the biology of Cutthroat
Trout as a topiscivorougpredator.Zooplankton and the thrdatoral invertebrate groups each
made up < 12% of the diet(exceptionterrestrial invertebrate@s Lower Campbell Reservolr)
contrast, Rainbowrout diets had a much higher prevalence of zooplar2@®th ¢nd 2% in
LowerCampb# and Upper Campbe#servas respective)yandhada much lower contribution of
littoral prey fisf O16 % i n both reservoirs)

These patterns in Cutthroat Trout and Rainbow Trout diet are similar to that observed in the
stomach content®rey fish made up a high percentage of Cutthroat Trout stomach contents
(5795%in Lower Campbell Reservoir and Upper Campbell Reservoir respeutyBiginbow

Trout had a high percentage of zooplankton (58Both reservoirs

Invertebrate antributions tahe diets ofSailpin spp. anguvenile troutvere similaiwhichjustifed
combining theséwo species into a littorptey fishgroupin modelsbut differed from that of
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Threespine Sticklebafkigure40, Table27). Littoral prey fishdiets were dominated hitoral,
stream and terrestriavertebrate§€l6-56% for each of the three invertebrate groups at ea¢h lake
When the diet contributions of these three invertebrate groups are summed,83-@G&bof the

littoral prey fish diet is found to consist of these prey items. In cdritrasgpin&ticklebackKiets

were dominated by zoapkton 60%) in Upper Campbell Reservaird by zooplankton (27%) and
stream invertebrates (50i#b)L.ower Campbell Reserv@ased on these results for prey fish, only
4% to 13% of juvenile trout an8culpin diets are pelagic, with the remainder of their diets made up
of littoral invertebrate sources. In contrast, pelagic zooplanktos wpakéo to 60% of
Threespine Sticklebaaket depending on the reservoir
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Figure 39 Estimated proportions of invertebrate andish diet sources to CutthroafTrout
and Rainbow Trout in Lower Campbelland Upper Campbellreservois.
Estimates are means with % and 95% quartile ranges of posterior probability
distributions from carbond nitrogen Bayesian mixing models based on
isotopic signatures from these consumers and their potential diet sources.
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Figure 40 Estimated proportions ofinvertebrate diet sources tdittoral prey fish
(juvenile trout and Sculpin spp.) and Threespine Sticklebackn Lower
Campbelland Upper Campbellreservois. Estimates are calculated as means
with 5% and 95% quartile ranges of posterior probability distsutions from
carbond nitrogen Bayesian mixing models based on isotopic signatures from
prey fish and their potential diet sources.
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Table 27. SlIA-based estimates of diet contribution fronA) pelagic and littoral invertebrate and B) prey fisin Upper
Campbelland Lower Campbellreservoirs and Beavertail,Gooseneck Middle Quinsam, Snakehead and Upper
Quinsam lakes. Estimates are calculated ameans with 36 and 95% quartilerange of posteriordistributions from
carbon @ nitrogen Bayesian mixing models based on isotopic signatures from these consumers and their potential
diet sources.Sampling was completed in 2014 and 2015.

A) Year Waterbody Consumer Estimated Invertebrate Contributions to Diet
Pelagic Littoral
Zooplankton Littoral Invertebrates ~ Stream Invertebrates Terrestrial Invertebrates

Mean Q5% Q95% Mean Q5% Q95% Mean Q5% Q95% Mean Q5% Q 95%

2014 Upper Campbell ReserviCutthroat Trout  0.03  0.00 0.08 0.06 0.00 0.15 0.07 001 0.18 0.05 0.00 0.13
Rainbow Trout 025 0.18 0.32 0.09 001 0.21 0.11 0.01 0.24 0.11 0.01 0.24
Littoral Prey Fish 0.13 0.04 0.23 0.22 0.02 046 048 022 0.74 0.17 0.01 0.40

Stickleback 060 052 0.69 0.10 0.01 0.25 0.17 0.02 0.35 0.13 0.01 0.31
Gooseneck Lake Cutthroat Trout 0.19 0.04 0.32 0.03 0.00 0.10 0.10 0.01 0.29 0.24 0.03 0.50
Dolly Varden 0.36 0.07 0.63 0.10 0.01 0.27 0.18 0.02 0.40 0.19 0.02 0.40

Littoral Prey Fish 0.05 0.00 0.15 040 021 0.58 0.16 0.01 0.38 039 0.22 057

Middle Quinsam Lake Cutthroat Trout 0.06 0.01 0.16 0.08 0.01 0.17 0.09 0.01 0.22 022 004 043
Littoral Prey Fish 0.13 0.01 0.31 0.22 0.06 0.39 024 0.03 0.44 040 0.16 0.67

2015 Lower Campbell ReserviCutthroat Trout  0.03 0.00 0.07 0.11 001 0.24 0.04 0.00 0.12 025 011 0.39
Rainbow Trout 020 0.13 o0.28 0.07 0.02 0.14 022 011 034 030 022 037

Littoral Prey Fish 0.04 0.00 0.11 024 002 0.49 0.16 0.02 0.34 056 033 0.79

Stickleback 0.27 0.05 0.45 0.08 0.01 0.20 050 025 0.79 0.16 0.04 0.26

Upper Quinsam Lake  Cutthroat Trout 0.12 0.02 0.24 0.13 0.01 0.30 0.10 0.01 0.24 0.07 0.00 0.8
Littoral Prey Fish 0.19 0.02 041 0.30 0.06 0.55 0.23 0.03 0.45 0.28 0.05 0.2

Beavertail Lake Cutthroat Trout 0.13 0.02 0.28 0.11 0.01 0.26 0.16 0.03 0.32 0.13 0.01 0.28
Rainbow Trout 0.16 0.02 0.32 0.21 0.04 0.38 0.16 0.02 0.32 0.19 0.03 0.36
Dolly Varden 0.17 0.02 0.35 0.15 0.01 0.33 0.22 003 041 0.19 0.02 0.37
Littoral Prey Fish 0.19 0.02 0.40 0.25 0.04 047 0.27 0.05 0.48 0.28 0.06 0.49
Snakehead Lake Cutthroat Trout 0.12 0.03 0.22 0.11 0.02 0.23 0.12 0.02 0.25 0.27 011 042

Littoral Prey Fish 0.33 0.15 0.47 0.11 0.01 0.29 0.17 0.02 0.38 0.39 019 0.56
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Table 27. Continued.

B) Year Waterbody Consumer Estimated Vertebrate Contributions to Diet
Threespine Stickleback Littoral Prey Fish
Mean Q5% Q95% Mean Q5% Q 95%

2014 Upper Campbell ReserviCutthroat Trout  0.27 0.08 0.46 053 031 0.72
Rainbow Trout 0.28 0.18 0.39 0.16 0.03 0.27

Gooseneck Lake Cutthroat Trout NA 044 025 0.61
Dolly Varden 0.17 001 043
Middle Quinsam Lake Cutthroat Trout NA 054 042 0.65

2015 Lower Campbell ReserviCutthroat Trout 0.12 0.02 0.25 044 0.27 0.59
Rainbow Trout 0.09 0.02 0.15 0.12 0.04 0.19

Upper Quinsam Lake  Cutthroat Trout NA 059 048 0.68
Beavertail Lake Cutthroat Trout 047 038 0.55
Rainbow Trout NA 029 019 0.38
Dolly Varden 0.27 010 044
Snakehead Lake Cutthroat Trout NA 0.38 0.27 0.49

3.3.3.2Diversion lakes

Prey fishand littoral invertebrat@sade up the majority of Cutthrdabut (age >2+)dietsacross

the five diversiotakes (Figure4l, Table27). Prey fish contributed an estimated 38% to &9%
Cutthroat Trout diet ithe diversion lakes. Invertebrates from the three littoral groups (littoral,
stream and terrestrial invertebrates) varied in their individual contribution to Cutthroat Trout diets
(3% to 27%)When the diet contributions of the three littoral inverteipatps were summed, the
contribution to Cutthroat Trout diet varied from 30% at Upper Quinsam Lake to 50% at Snakehead
Lake.In contrast, @aoplankton contributklittle to CutthroafTrout dies across all fiveiversion

lakes (6% to 19%).

The diet estimas for Cutthroat Troubased on stable isotope anabsgssimilar to the stomach
content analysis resukxcept that the stable isotope results estimate a greater contribution of prey
fish to Cutthroat Troutdiet Stomach content analyses generally showed low contribution of
zooplankton to Cutthroat Trout diet, which matches that observed in the stable isotope modeling.
One exception is Gooseneck Lake, which had an unusually high estimate for zooplankton of 53% of
diet based on stomach content analysis of 10 Cutthroat Trout individuals. The contribution of
zooplankton to Cutthroat Trout diet was also highest at Gooseneck Lake using stable isotope
methods compared to the other lakes, although it was much lower bittb@#oinvertebrates

were found to contributg6% to 91% to diet usirgjomach contemnhethods versus 30% to 50%

using thestable isotope method§he difference in relative contribution between methods was
made up for in increased contribution of pigy to Cutthroat Trout diet estimated by the stable
isotope method.
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The diets of Rainbow Trout and Dolly Vardee relatively evenly split among the range of prey
sources in Beavertail and Gooseneck (Fagare42, Table27). The diet contribution of littoral
invertebrates was 7% td@@onsideng each of the three invertebrate groups separately, or 47% to
59% when summing the average contribution across the three Rp@yfishmade up 2726 and

29% ofRainbow Troutind Dolly Vardenlietsrespectivelyn Beavertail Lake, and 17% of Dolly
Varcen diets in Gooseneck LaKeoplankton contributed an estimatedlT6to Rainbow Trout

and Dolly Varden diets in Beavertail Lakd,36% to Dolly Varden diatGooseneck Lake.

As in the Lowe€Campbeland Upper Campbell &evoirs, the diets of prégh sampled in the five
diversion lakes were dominated by littoral invertebratiessagh group making ugd-40% of

diets, or 605% of diets when combined. Again, zooplankton contributed significantly less to prey
fish diets (89%). The exception thi$ was in Snakeheaake, where zooplankton contributed to

33% of prey fish diets.
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Figure 41 Estimated proportions of invertebrate and vertebrate diet sources to Cutthroat
Trout in Beavertail, Snakehead, and Upper Quinsahakes in 2015 (top row)
and Goosenecland Middle Quinsamlakes in 2014 (bottom row)Estimates
are means with 5 and 95% quartie ranges of posterior probability
distributions from carbon @ nitrogen Bayesian mixing models based on
isotopic signatures from these consumers and their potential diet sources.
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Figure 42 Estimated proportions ofinvertebrate and vertebrate diet sources ®ainbow Trout and Dolly Varden in
Beavertail Lake and Dolly Varden irGooseneck Lake. Estimates are means witlband 95% quartile ranges of
posterior probability distributions from carbond nitrogen Bayesian mixng models based on isotopic signatures
from these consumers and their potential diet sources
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Figure 43 Estimated proportions of invertebrate diet sources tittoral prey fish (Sculpin
spp. and juvenile trout)in Beavertail, Snakehead, and Upper Quinsam lakes
in 2015 (top row) and Gooseneand Middle Quinsamlakes in 2014 (bottom
row). Estimates are calcudted as means with % and 95% quartile ranges of
posterior probability distributions from carbond nitrogen Bayesian mixing
models based on isotopic signatures from prey fish and their potential diet

sources.
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3.3.4Diet Variatiorwith FishSze
Cutthroat Trout and Rainbow TrolifN signatures are both highly positively correlated to fork
length inLower Campbell ReservoiFigure44 Cutthroat k5 = 6.8 Rainbow F, = 21.1 both
p < 0.@). This indicates that larger Cutthroat Trout and Rainbow Trout are more piscivorous and
eat higher in the food wélan smaller indduals Both Cutthroat Troutand Rainbow Troui*C
signatures are not related to fork lei§Gtitthroat £ = 1.9, Rainbow [, = 0.1, both p > 0.18).
This suggests thahe dominant source of carbon (Cutthroat Trout = littoral; Rainbow
Trout = pelagic) does not vary by fish age and body size

Cutthroat Troutli™™N signatures were positively relatefbito length inBeavertail, Snakehead and
Upper Quinsantakes (all p < 0.0) (Figure45). Cutthroat Trouti*C signatures wepositively
related to fork length idpper Quinsanhake (F,s = 19.9, p< 000]), but wereaot related to fork
length ineither Beavertail or Snakehésds (p > 0.8). These results suggéisat that larger
Cutthroat Trout are more piscivorous and eat higher in the food web than smaller individuals

Figure 44. U*N and U™C stable isotope signatures by fork length (mm) i€utthroat
Trout (open circles)and Rainbow Trout (closed triangles)from Lower
Campbell Reservoit
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Figure 45  U"™N and U®™C stable isotope signatures by fork length (mm) in Cutthroat
Trout from BeavertailLake (open circles), Snakehead Lake (opetriangles)
and Upper Quinsam Lake (closed triangles)
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3.4. Water Residence Time

The physical characteristicstloé study lakes and reservoirs are presanfeable 28 Upper

Quinsam Lake is situated at the highest elevation (358 m), and Lower Campbell Reservoir is at the
lowest elevation (178 m). The reservoirs have the greatest surface area, asibithialdgdnave

smallest surface areas. Lower Campbell Reservoir and Upper Quinsam Lake are the deepest of the
study lakes; Snakehead is the shallowesT hekenoclinedepthis greatesh the reservoirs and
shallowest in Middle Quinsam Laker all stugl yearsUpper Campbell Reservoir and Lower
Campbell Reservoir had the highest annual and séaftmnalandutflows, andsooseneck and
Beavertaiblkes had the lowe3tple29 Table30).
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Table 28 Physical characteristics of the study lakes.

Waterbody Description Elevation Surface Mean Water Max Water ~ Depth to
Area Depth® Depth'  Thermocline®
m  (m%)  (m) (m) (m)
Upper Campbell Reservoir 221 68.7 12.2 39.6 20.0
Lower Campbell Reservoir 178 26.5 18.0 69.7 17.0
Beavertail Lake Control 270 1.03 10.8 26.0 11.9
Gooseneck Lake Diversion (ReceivingLa 290 0.78 9.80 38.0 10.0
Middle Quinsam LakeDiversion (Donor Lake) 270 0.72 4.00 14.6 7.3
Snakehead Lake Diversion (Receiving La 283 0.20 3.50 9.00 8.0
Upper Quinsam Lake Control 335 4.38 13.1 48.0 10.3

lAverage of the depths reported in Hatfield (2000) and on bathymetric maps.
2Average depth of thermocline from Hatfield (2000) and the data collected by Ecofish in September 2015.

Estimates of water residence time by lake using the water balance method and the gauged flow data
method are shown Fable29 andTable30. Estimates of water residence time were derived for the
whole yearT@able29) and forstratified periogTable30), which spanslay 15" to September 30

(also referred to as seasonal water residence time)

Upper Campbell Reservoir, Lower Campbell Reservoir, and Qupsam Lake had annual

average water residence times exceeding 100 days of 526, 114 and 277 dayscosspetdiyely

using the water balance method. These long annual water residence times are largely due to the large
surface area and water volume of these lakes. Although Upper Quinsam Lake has a lower volume
thanLower Campbell Reservdirhas substantiallysk input and output of water, whicheases

its water residence timiablel4andTable29).

Beavertail Lake had tlemgestiveragannual and seasonal water residencéXirBeand 395 days
respective)y computed using the water balance mefhloel water residence times for Beavertail
Lake were relatively long considerirgy shrface area, volunand watershed aredhe long
residence time at Beavertail Lake is likely due to its landscape position. Beaartaitd akthe

upper reaches af relatively isolated watershed, disconnected from the larger drainage system tha
comprises the other diversion lakes (BJapnd thus receives less water inputttienher lakes.

Water residence time in Beavertail iskangbecause it has a large voluet&tive tavater inputs
(Table29, Table30).

Snakeheatlake had theshortestannual water residence tigTedays)while Lower Campbeél
Reservoir had the shortest seasonal water residence time (IThealgge)t residence time of
Snakehead Lake is expected given its small volume and water3tmeska seasonal residence
time for Lower Campbell Reserv@srsomewhat surprisigyen its largsurface area. However,
Lower Campbell Reservoir also has relatively large infloatgfiowds relative to its volunrethe
summerwhich reduces its seasonal water residenc@ taomparison of seasonal water residence
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time computed fronthe gaugediataestimated. ower Campbell Reservoir to have a seasonal
residence time of 9.1 day2015which is6.4 days greater than the residence time computed from
the water balance methiod the same ye@rable30). While both methods support the conclusion
that seasonal water residence in Lower Campbell Reservoir tisesivater balance methady
modeatelyunderestimate residence timeligreservoir

Annual water residence time was longer than the water residence time computsttatifietthe
periodfor all lakes except Middle Quinslaake(Table29 Table30). This may be the result af
large decrease in lake outflow (£/2)momputed at Middle Quinsam during the stratified season
which isthe largest drop ioutflow compared to all of the lak€se difference between annual and
seasonal water residence times varied, on average, between 3.2 to 518 dexes, @atmpbell
Reservoir antpper Quinsanbakeshowing the greatest reduction in water residencdurmg
thestratified period@Table30).

3.4.1Data LimitationgndError Analysis
The estimates for water residence time by lake are only as accurate as the digevestein,
and should be used for comparative purposes and not as absolute values. This section provides an
assessment of the accuracy of the computed water residence times using the water balance methoc
and some of the data limitations.

There is somengertainty around our estimates for evaporation at eachhakeeat transferred

into the lake by inflows and outflows of water may be a significant factor in the energy budget of the
lakes and thus the evaporation ratésch was not taken into accous¢asonal variations in the
evaporation rate can be significantly affected by the heat storage capacity of the water body which is,
to a large extent, determined by its ddptladdition, advective energy, driven largely by wind,
typically increases ewvggttion rates. Due to lack of data and resquieese factors were not taken

into account in the lake evaporation estimates. Howeverlaege errors irestimates of
evaporationg.g.,100 mm) play a minor role in water residency Time is becauseater inflows

and outflows were one to two orders of magnitude greater than evaporation from fhablakes (
14andTablel5. Due to the lack of data, groundwater seepagaseast taken into account in

the wagr balance computation, but like evaporation, is expected to be a minordatitoaies of
waterresidency time.

The annual water residence time calculatvens particularlydependent on lake volunaad

watershed are8&tagesolume data from 2001 rgeused to determine lake volume (Bruce 2001).
However, it is unclear when the bathymetric surveys were conducted in Bruce (2001). If the data
were collected under low water conditions, then the resultant volumes would be underestimated.
Watershed area wased to determine the rate of inflow; therefore, accurate delineation of
watershed area is important to the water residence computations. When delineating the watersheds,
it was assumed that the entire watershed area upstream of the lake outlescmatabutputs to

the lake, rather than the local watershed area.
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Likewise, the lake volumes used to determine seasonal water residence time have some important
assumptions that require further investigafioermoclinedepthwas used as a boundary cooli

for flow within the lake during tis¢ratifiedseasonHowever the thermocline datavererelatively

limited in extent and did not incorporate the spatial and temporal variation of thermal conditions at
each lake. In additioiew measurements ofiemocline depth wereused to ascertain the
stratification perioMay 15 to September 3 which was assumed to be the same for all lakes, in

all yearsAlthough mean water residence time in a lake is unaffected by stratfieagiimated

the residence time of the epilimnion during the growing season because it is more representative of
euphotic waters that plankton predominantly inhabit and where autotrophic production occurs.
Error in these estimates of growing seasater esidence timewill therefore reflect the
assurptions thasummerstratified conditionextendedor the same period for each lakel a the
thermocline depth remained constant in each lake.

As a quality assurance check, water residence was compuggligsohgnflow and outflow data

for Gooseneck and Middle Quinsam lakes and Upper Campbell and Lower Campbell reservoirs, and
compared to the water residence times using the water balance method derived from Equation (1)
(Table31, Table32). The computed water residence times (derived from Equation 1) compare well
with residence ries derived from gauged ajaparticularly for the smaller lakes. The most
significantexceptions found withthe estimates for annwahter residence time thie reservoirs
particularly Upper Campbell Reser{bable32). The water residence time computed from the

water balance methgd@quation 1was 205 days greater than that derived from the gauged data.
The difference could be due to a number of factors ingladmors in the computation of
watershed area, inaccurate volume of the reservoir, missing or incorrect data related to land surface
type and land use that would result in an inaccurate runoff coefficient, and/or underestimation of
soil retention capacit®) The errors of the gauged data are not knbutrare likely dependant on

the stagelischarge relationship developed for each .g@wgeall, the similarity in estimates
between the two methods provides us with confidence that water resideestnabesan be
reasonably compared across lakes to understarttii®aariablenay affect lake food webs and

fish production.
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Table 29 Lake volume, annual lake outflow (@), and annual water residence time (WRT) coputed for 2012015 from the
water balance method (WB) and gauged flow data method (Gauged).

Average Average Average
2015 2014 2013 2012 WB WB  Gaugec

Waterbody Volume Qo WRT Qo WRT Qo WRT Qo WRT WRT WRT WRT
() (mYlyear) (days) (myear) (days) (mlyear) (days) (ms) (days) (days) (years) (days)

Upper Campbell Reserva.46E+091.52E+09 590.4 | 2.30E+09 390.4 | 1.29E+09 697.7 | 2.12E+09 423.5| 5255 1.44 384.9
Lower Campbell Reserva#.16E+08§1.60E+09 72.0 | 9.40E+08 122.6 | 8.35E+08 138.2 | 9.39E+08 122.8| 1139 0.31 46.9

Beavertail Lake 1.10E+074.13E+06 968.2 | 4.59E+06 871.1 | 4.36E+06 917.9| 4.47E+06 894.8 | 913.0 2.50 -
Gooseneck Lake 7.53E+063.12E+07 88.2 | 3.86E+07 71.3 | 4.63E+07 59.3 3.29E+07 83.5 75.6 0.21 76.4
Middle Quinsam Lake 2.82E+066.27E+07 16.4 | 7.16E+07 14.4 | 6.74E+07 15.3 7.22E+07 38.1 21.0 0.06 22.6
Snakehead Lake 7.62E+083.41E+07 8.1 4.03E+07 6.9 4.62E+07 6.0 3.56E+07 7.8 7.2 0.02 -

Upper Quinsam Lake  5.28E+0716.24E+07 309.0 | 7.33E+07 262.8 | 7.40E+07 260.4 | 6.96E+07 277.0| 277.3 0.76 -

Table 30 Estimated epilimnion volume, seasonal lake outflow ((), and seasonal water residence time (WRT) computed
for 20122015 fronthe water balance method (WB) and gauged flow data method (Gauged).

Average Average Average

2015.0 2014.0 2013.0 2012.0 WB WB  Gaugec

Waterbody Volume Q. WRT Q, WRT Q, WRT Qout WRT  WRT WRT WRT

() (m’s)  (days) (ms) (days) (m’s)  (days) (ms)  (days) (days) (years) (days)
Upper Campbell Reservoir3.21E+08 12.7 293.8 12.7 292.4 14.8 252.0 13.7 2720 | 2775 0.8 293.8
Lower Campbell Reservoirl.05E+07 45.8 2.7 12.8 1.0 12.0 1.0 13.4 0.9 1.4 0.0 9.1
Beavertail Lake 1.89E+06 0.0 511.0 0.1 378.9 0.1 340.7 0.1 348.1 394.7 1.1 -
Gooseneck Lake 3.33E+05 0.7 5.7 0.7 5.9 0.6 6.6 0.6 6.2 6.1 0.0 8.5
Middle Quinsam Lake 1.99E+06 0.6 38.4 0.9 25.1 0.9 25.5 1.3 18.1 26.7 0.1 35.8
Snakehead Lake 2.36E+05 0.7 3.8 0.7 4.1 0.7 4.1 0.7 4.2 4.0 0.0 -
Upper Quinsam Lake 1.84E+06 0.8 26.9 1.0 21.4 1.0 22.1 1.2 17.9 22.1 0.1 -
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Table 31 Annual and seasonal water residence time (WRT) computed frogauged inflow data (Gauged @, and derived
inflow data (Computed Q) for Gooseneck and Middle Quinsam lakes for years where gauged data were available.

2015 2013 2012 Average Average Average

Waterbody Gauged wWB Gauged wB Gauged wB Gauged WB  Difference
Qi Qi Qi Qi Qi Qi WRT WRT WRT

(m¥s)  (ms) (m%s) (m7s) (m¥s)  (ms) (days) (days) (days)

Gooseneck Lake Annual 1.1 1.0 1.2 1.5 1.1 1.0 76.4 77.0 0.6
Seasonal 1.0 0.7 1.0 0.6 1.0 0.6 8.5 5.7 -2.8
Middle Quinsam LakéAnnual 2.4 2.0 1.6 2.1 2.6 2.3 22.6 15.3 -7.3
Seasonal 0.6 0.6 1.5 0.9 2.2 1.3 35.8 38.4 2.6

Table 32 Annual and seasonal water residence time (WRT) computed from gawubeutflow data (Gauged Q) and derived
outflow data (Computed Q) for the Upper Campbell and Lower Campbell reservoirs in 2015.

Waterbody Gauged Computed Gauged Computed Difference
Q Q, WRT WRT WRT

(m¥s)  (m¥s) (days) (days) (days)

Upper Campbell Reservoiknnual 73.9 48.2 384.9 590.4 205.4
Seasonal 14.3 12.7 260.0 293.8 33.8
Lower Campbell Reservoknnual 77.9 50.8 46.9 72.0 25.0
Seasonal 13.4 45.8 9.1 2.7 -6.4
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3.5. Analysis of Management Questions

3.5.1To what extent do stabilized reservoir levels, as affected by BC hydro
operations, benefit fish populations?

The total littoralvs. pelagic contribution to Cutthroat Trout and Rainbow Trout diet for Upper
Campbelland Lower Campbelkkservos can beestimatedy summing the contributions of the
invertebrate prey t€@utthroatTrout and Rainbow Troudiet (direct pathway) with the relative
contributions of invertebrate prey to fireyfish in the Cutthroat Trout and Rainbow Trodiet
(indirect pathway(rable33). Using this method, a total 0892 of the diet of Cutthroat Trout
(age >2+) in Upper Campbell Reservoir is estimated derived from pelagic sourcé% waile 7
estimated derived from littoral sour¢ed.ower Campbell Reservoir, only 8% of Cutthroat Trout
diet is estimated to be derived from pelagic sources while 92% is estimated to be derived from
littoral sourcesin contrast, Rainbow Trouin Upper Campbell Reservdiave a pelagic
contribution to @t of 4% and a littoral contribution to diet @5. In Lower Campbell Reservoir,
Rainbow Trout have a pelagic contribution to diet of 23% and a littoral contribution to diet of 77%.

In summarylLower Campbell Reservoir supports greater littoral ediutnkio diet than Upper
Campbell Reservoir for both Cutthroat Trout and Rainbow TiieetSIA results are consistent

with the expected differences in littoral production due to drawdown magnitude in the two
reservoirsRainbow Trout have a greater pelagntribution to diet than Cutthroat Trout in both
reservoirs. Despite the large lake areas, the top fish consumers in both reservoirs appear to be
supported by littoral production to a greater extent than pelagic production.

3.5.2What is the relationshiptixeen residence time (as affected by
diversion rate) and lake productivity?

The total littorals. pelagic contribution to Cutthroat Trout diet ddirdiversion and contrtzkes
sampled in 2014 and 2GEn beestimatedy summing the contributions oktimvertebrate prey
to Cutthroat Trout diet (direct pathway) with the relative contributions of invertebrate prey to the
small fishin Cutthroat Troutliet (indirect pathwag)able33. Using this method, a totalle®s to
24% of the diet of Cutthroat Trout (age >2Zs)estimated derived from pelagic sowcasss all
diversion and control lakes sampled in Year 1 an@®;¥estimates dfttoral contribution to diet
rangdfrom 76% to 86% across all lakes

Estimates of the total littoral or pelagic contribution to Cutthroat Trout diet across lakes was
compared to annual and seasonal water residence time for e@abuladt). No cleadinear
relationship was observed between arandhlseasonalater residence time and total pelagic
contribution to Cutthroat Trout digtlowever, here appeared to lam asymptotic relationship
betweerboth annual anseasonal water residence tand pelagic contribution to Cutthroat Trout

diet. In lakes with short water residence times there is substantial variability in estimates of pelagic
contibution to diet. With longewater residence time, pelagic contributiodigbranged from

~22% to 26%although sample size is.low

123604 ——

—_—

EC@FIS

AR € H



JHTMONS5 6 Year2 Annual Monitoring Report Page86

Gooseneck and Snakehead lakes receive water from the Quinsam River diversion whereas Middle
QuinsanLake has water diverted upstream of the lake and thus is a donor lake. We estimated how
different water diversion scenarios could affect the water residence time of Gooseneck, Snakehead
and Middle Quinsam lakiesthree different yeaf$able34, Table35). Water diversion scenarios

included a gnificant diversion scenar@0% of flow), average diversid85% of flow), minor

diversion (10% of flow) and no diversion (0% of flow). Under no diversion, Gooseneck and
Snakehead lakes havmaual water residence time of 33.9 and 18.9 days respectively. Under average
diversion conditiaof 35%, annual water residence time decreases by roUgimyeéch lake to

11 days in Gooseneck Lake and 7.2 days in Snakehead Lake. In contrast, the annual water residenc:
time of Middle Quinsam Lake increases from 17.4 days under no diversiotaigs 2@ith average

diversion conditions. Similar trends were observed for scenarios for seasonal water residence time.
Scenarios olvater residence time with water diversambe incorporated inpwedictive models

of pelagic vs. littoral contributiomsfish diet. This will be completed in Year 3.

One assumption that is being madethat pelagic zooplanktaterives all energy from
autochthonous production of phytoplankton. However, recent research has shown that in small
lakes 2@ to 40% of zooplankton carbaan bederived from terrestrial soasc(e.g., Cole et al.
2011).Such carbon is first processed by bacteria, which are then consumed by Protozoa and small
metazoans that are incorporated into the diet of zooplahittersocal d 6 mi cr obi al I o
2010).To test this assumptionve modeled the relationship between AHé signature of
zooplanktonby lake volume across all lakes and reservoirs sampled in Year 1 and Year 2. We
observed strong negative relationship betweank e v o | u'i@signaturedof Zodplanktdi,

which suggests thderrestrial carbon (and/or carbon from lake macrophytesyreasingly
contributes to zooplankton production as lake volume de@ligase47). This result may help

explain some of the variabiM§th shortlake water residence time showtrigure46. It al®

suggests that declines in pelagic production with decreased water residence may be buffered in small
lakes by large contributions ofestrial carbon to zooplankton.
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Table 33 Total mean contributions of pelagicvs. littoral sources to CutthroatTrout,
Rainbow Trout, and Dolly Vardendiets in Upper Campbelland Lower
Campbell reservois, and Beavertail Gooseneck,Middle Quinsam, Snakehead
and Upper Quinsamlakes. Pelagic and littoral contributions are derived from
direct (via invertebrates) and indirect (via prey fish) sources.

Year Waterbody Consumer Pelagic Contributions Littoral Contributions
Direct Indirect Total Direct Indirect Total
2014 Upper Campbell ReservCutthroat Trout 0.03 0.23 0.26 0.18 0.56 0.74
Rainbow Trout 0.25 0.19 0.44 0.31 0.25 0.56
Gooseneck Lake Cutthroat Trout 0.19 0.02 0.21 0.37 0.42 0.79
Dolly Varden 0.36 0.01 0.37 0.47 0.16 0.63
Middle Quinsam Lake Cutthroat Trout 0.06 0.07 0.14 0.40 0.47 0.86
2015 Lower Campbell ReservCutthroat Trout 0.03 0.05 0.08 0.41 0.51 0.92
Rainbow Trout 0.20 0.03 0.23 0.59 0.18 0.77
Upper Quinsam Lake Cutthroat Trout 0.12 0.11 0.23 0.29 0.48 0.77
Beavertail Lake Cutthroat Trout 0.13 0.09 0.22 0.40 0.38 0.78
Rainbow Trout 0.16 0.05 0.21 0.56 0.23 0.79
Dolly Varden 0.17 0.05 0.22 0.56 0.22 0.78
Snakehead Lake Cutthroat Trout 0.12 0.12 0.24 0.50 0.26 0.76

Figure 46 Percent pelagic contribution to Cutthroat Trout diet by A) annual and B)
seasonal water residence timglays) across all study lakes and reservoirs
sampled in 2014 and 201bata are fit with the model: %Pelagic.CT =
axWRT"b.
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Table 34 Estimates of annual water residence time (days) under different water
diversion scenarios for Gooseneck Lake (GL), Middle Quinsairake (MQ)
and Snakehead Lake (SN).

2012 2013 2015 Average
GL MQ SN GL MQ SN GL MQ SN GL MQ SN

Scenario 1:
Significant Diversion (90/1 36.2 93.2 3.6 4.9 324 35 59 39.0 3.9 36.8 549 3.7
Scenario 2:
Average Diversion (35/65) 74.5 40.3 7.0 10.0 140 6.9 12.1 169 7.8 75.7 23.7 7.2
Scenario 3
Minor Diversion (10/90) 143.9 32.0 12.6 19.5 11.1 12.4 23.4 13.4 13.9 146.318.8 13.0
Scenario 4;
No Diversion (0/100) 228.829.5 18.4 31.2 10.2 18.1 37.2 12.4 20.3 233.117.4 18.9

Table 35 Estimates of seasonal water residence time (days) under different water
diversion scenarios for Gooseneck Lake (GL), Middle Quinsam Lake (MQ)
and Snakehead Lake (SN).

2012 2013 2015 Average
GL MQ SN GL MQ SN GL MQ SN GL MQ SN

Scenario 1:
Significant Diversion (90/1 2.8 43.6 2.0 3.6 554 23 4.2 65.0 28 35 54.7 2.4
Scenario 2:
Average Diversion (35/65) 4.9 20.7 3.4 6.2 265 3.9 7.3 309 47 6.1 26.0 4.0
Scenario 3
Minor Diversion (10/90) 11.4 14.7 7.1 144 189 8.1 17.0 22.0 9.9 14.3 185 8.4
Scenario 4:
No Diversion (0/100) 18.5 13.6 10.4 23.2 17.5 11.9 27.7 20.3 146 23.1 17.1 12.3
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Figure 47.  Average/EC signatures of zooplanktonby lake volume (natural log scale)
across all lakes and reservoirs sampled in Year 1 and Year 2 of JHTM&GN
Less negativeZEC signatures are associated with increased contribution of
terrestrial-derived carbon.
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4. CONCLUSIONS

4.1.Reservoitevels an@enefits tdFish Populations

The initial hypothesis that top fish consumers have a reduced littoral contribution to diet in Upper
Campbell Reservoir compared to Lower Campbell Reservoir was confirmed by this analysis.
Estimates of littoraderived production were 74% at Upper CampBlesiervoir and 92% at Lower
Campbell Reservoldpper Campbell Reservoir has greater fluctuations in water levels than Lower
Campbell Reservoir, which may reduce littoral production for fish. However, there are other factors
that may explain the patterns wbserved. First, Lower Campbell Resenvayr have &igher

proportion of littoral habitat than Upper Campbell Resewfoichwould producdish dietsthat

aremore littoralln Year 3, estimates of the proportion of littoral to pelagic habitaghead.area

in each lake) will be compiled for all reservoirs and diversion lakes based on bathymetric data and
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incorporated into the analys®econd, the seasonal water residence time at Lower Campbell
Reservoir was found to be one of the shortest anlostydy lakes, and possibly shorter than
Snakehead Lake, which is less than 1/19@rea. This is due to the large inflows and outflows of
water, which create conditions during stratification that may limit pelagic pratligctiomlirect
flushing efkects Therefore, despite that we observed reduced littoral contribution to diet in Upper
Campbell Reservoir compared to Lower Campbell Reseriginotyet certain if water level
fluctuations cause reduced littoral dependence in Upper CampbelirReservo

There isstrongevidence that the pelagic contribution to Rainbow Trout diet is highéhehan
pelagic contribution t&utthroat Trout diet inboth Upper Campbeland Lower Campbell
reservos. Rainbow Trout appear to be eating a higher proportianoplankton and a lower
proportion of juvenile trout and Sculpin compareithéohighly piscivorouSutthroat TroutThe

fish that Cutthroat Trout are eating (e.g., Sculpin, juvenile trout) are themselves highly dependent on
littoral resourceCutthroat Tout also eat aignificant proportiorof littoral invertebrates from

various sources.@.benthic, terrestrial and stream invertebrates).

In Year3, it will be important to obtain estimates of fish dmtslohn Hart Reservoir to allow
contrass in thesources of productioacrossUpper Campbell, Lower Campbell and John Hart
reservoirghat differ in operationg he largedependence on littoral resouraesoss all sampled
lakes and reservoinmts that Cutthroat Trout may have a relatively fixed depea on littoral
production with limited ability to switch to a peldgiminated dietFurther analyses will be
conducted in Year t® integrate data on the proportion of littoral habitatesmtichates ofvater
residence timand how they may affect psites of littoral versus pelagic produdto@utthroat
and Rainbow Trout

4.2 . WaterResidenc&ime and_akeProductivity

Shorter water residence time is hypothesized to decrease the pelagic contfishtidietin

diversion lakes and ultimatdicreaefish production There was some evidence to support this
hypothesis, although a more compgtehesianalysis will be conducted after Year 3 of sampling.
Stable isotope data indicate thatgeéneerafood webstructureis fairly similaramonglake systems

despite large differences in waterbody size and operational influences. The total littoral contribution
to Cutthroat Trout diet is higher than the contribution from pelagic sources across all lakes.
Estimates for @lagic sources of productitsnCutthroat Trouin the lakesnd reservoireange

from 14% at Middle Quinsam Lake to 24% at Snakeheadaha@l®o in Lower Canill

Reservoir to 26% in Upper Campbell Reservoir. These estimates for pelagic contributions to diet
were compared testimags of annual and seasonal water residence time for ea€lylakéq].

An asymptotic relationshipas foundwith reducedbut variable pelagic contribution to diet
observed when seasonal water residence is les25hdays.Interestingly, this time period is
consistent with average generation times of crustacean zooplankton at mean water temperatures of
~15°C (Gillooly 2000).
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Goosenecland Snakeheaakks receivavater from the Quinsam River diversishereadMiddle

Quinsam Lake has watdivertedupstreamof the lakeand thus is a donor lak&he original
prediction was that water residence time will be shorter in GoosedeS8nakeheadkks
(receiving lalgg than Middle Quinsam Lake (donor lake), which could result in decreased
zooplankton productioreasonalvater residence timgas indeed found to be lower in both
Gooseneck (6.Hays) and Snakeheadl (days) lakes compared to Middle Quinsam Lake
(26.7 dgs) Howeverthe annual residence time at Gooseneck Lake (75.6 days) was estimated to be
over three times longer than the annual residence time at Middle Quinsam Lake (Zhé& days).
estimates of % pelagic production at these lakes ddwagytsfollow the preditions of water
residence time;greater pelagic source of production (ultimately from plankbmihi@ooseneck
(21%)and Snakehea@4%)lakeswas observed in Cutthroat Trout diets compared to Middle
QuinsanlLake(14%) Absent from this currémnalysishoweveris an estimate for the total littoral

habitat in each lake relative to total lake area. For example, Middle Quinsam Lake has a very similar
surface area to Gooseneck Lakieis much shallower and has a greater percentage of itsdake a
dominaed by shoal habitavith weHestablished macrophyte communifié®refore, it would be
expected that % pelagic production would be lower in Middle Quinsam Lake than Gooseneck Lake
independent of water residence time

We observedh strong negt i ve rel ationship be*Cwignatare dfake v
zooplankton(Figure 47). This suggests th&trrestrial(and/or macrophytegarbon increasingly
contributes to zooplankton production as lake volume deeliniekmay explain some of the
variabilitywith short l&e water residence tirsleown inFigure46. It also suggests that declines in

pelagic production with decreased water residence times may be buffered in srjdthrigées b
contributions of terrestrial carbon to zooplanki@duction

In Year 3, a more completgnthesianalysis is planne significant goal for Year 3 is to add more

lakes into the analysis and to finalize a model between water residence &@lagi@and. ittoral
contribution to diet as shown kigure46. However, % pelagic production will be modeled as a
function of water residence time and %  littoraitdtain the same moderThis will enable
predictions of how different water diversion scenarios shdwble34 andTable35affect pelagic
contributions to fish diets in the diversion lakeite controlling for the amount of littoral habitat
available Further models are also possible using different respaabdesaFor example, the
biomass of zooplankton shown in secBdnlcould be regressed against water residencantime
estimates of terrestrial carbon contiilbutto zooplanktorto test if zooplankton production

declines with reduced water residence time. Another synthesis model that could be developed is the
CPUE data for different fish species shown in se&&@oboes Cutthroat Trout population density

differ across lakes with different water residence times? A more complete synthesis analysis will be
conducted in Year 3 once all of the lakes and reservoirs hasentyged
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5. RECOMMENDATIONS

1.

The following lakes will be sampled in Year 3: Gray Lake, Brewstand.akihymper

Lake In addition, we propose to sample John Hart Reservoir, although it is necessary to
confirm whether field crews can access the reservoirtiggvenirrent works that are
underway to replace the generating station.

Stable isotope analysis of nitrogen and carbon, combined with thé&agesn mixing

models, was used successfully in Year 2 to understand the diets of species or functional
groupsin lake food webs, and ultimately to provide estimates of total littoral and pelagic
contributions to diets of adult Cutthroat Trout, Rainbow Trout and Dolly Varden. These
methods will be continued in Year 3 to address the management questions p®sed in th
TOR.

The amount of littoral habitat in each lake will influence the proportion of fish diets derived
from littoral versus pelagic sources. In Year 3, we recommend that the relative area of littoral
habitat in each study lake is estimated. This canethesed as an independent variable in
models to predict the relatipelagic contributions to fish diets. This desktop exercise will
require analysis of bathymetry data that have been collected, or will be collected in Year 3
(Grey and Whymper lakes). Wheicipatehat this task can be completed within the scope

of theoutstanding water residency time analysis

The lake levels of the three reservoirs are monitored continuously by BC Hydro. We
recommend that metsicelating to the frequency and range atewlevel fluctuatiorize
identified anccompard across the three reservoilée propose to integrate this into the
scope of the final data analysis tasks.

We recommend undertaking invertebrate sampling as planned, which will include three
separate trgpto each lake in June, July and August. Minnow traps should be deployed during
each of these trips with the primary aim of catching Sculpin spp. and reducing effort
necessary in the main fish sampling trip in late August or early September. This trip will
include gill netting, and we also recommend that trap netting is undertaken with the aim of
samplingThreespineXickleback, Sculpin spp., and juvenile .t"dg do not recommend

that a separate trip is undertaken in June to sdinpespineSickleback this was
undertaken in Year 2 and was unsuccessful.

There is high overlap in tG€C andli*N isotope signatures of the three littoral invertebrate
prey sources (benthic/littoral, stream and terrestrial invertebrate groups). In Year 3, we
recommend thathe Bayesian isotope mixing model be simplified to fewer sources by
aggregating the three littoral invertebrate prey sources into one prey group.

As undertaken in Year 2, we recommendathaboplankton samplesllected in Year 3
areenumeratedo an estimate of zooplanktmomassan be made for each lakkis will
involve collecting body length measurements for-sasytle of individuals to estimate
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mean body masghis is important because zooplankimmass provides a direct measure

of food availability to fish and we aim to examine relationships between this variable and
lake water residence tinvge plan to integrate this work into the existing scope of the
zooplankton sample analysis. In addition, we recommend that zooplanktonnsdysfde a

is undertaken after each sampling trip, rather than at the end of the field season. This will
break up the work, which will aid scheduling and allow for preliminary analysis of results
before the sampling is completed.

8. We recommend that lake watnperature profiles are collected during each zooplankton
sampling trip. This will provide data regarding how the thermocline depth changes
throughout the growing season, which will support the water residency time analysis.
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Map 5. Invertebrate and fish sampling locations at Upper Quinsam Lake.
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