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EXECUTIVE SUMMARY

Harmer Creek is a m@influenced watershed that is a tributary to Gravee®.Te c k Co a | Li mi
Elkview Operations mine property includeportion of the Harmer Creek subwatershed. These operations
influence Harmer Creek (through its tributary Dry Creek) and Grave Creek below the confluence with
Harmer Creek.The Grave Creek watershexbovethe confluence with Harmer Creek not mine
influenced.Both creels contain isolated populatios of genetically pure \WstslopeCutthroat Tout
(Oncorhynchus clarkii lewiyithat, prior to the construction of the Harmer Creek Sediment dami, 19
constituted a singlenaturally isolatecpopulation Electrofishing @tafrom Grave Creekand Harmer

Creek collected betweeri996 and 2020 were analyzed using a hierarchical Bayesianewank to

estimate fish poputeon abundance and recruitment.

The earliessurveyof both creeksystems in 1996ound very fewagel fish. The number of agé fish
had increased by the next sampling event ir82B0r Grave Creekgcent (20172020)age 1 abundances
(range: 180-590) have beesomewhatess tharthe 2008 estimate of &0 fish (95% CI330-53,000),
with 600 agel fish (95% CI 18-2,900) in 202Q For Harmer Creekthe estimatedabundance ohgel
fish declired every year following 2008peakof 710 fish (95% CI1120-4,800) anddropped dramatically
to 1 fish (95% CI 162) in 2019 and 2 fish (95% C}Fb) in 2020.

Age 2+ fish have followed a similar patteAbundances in Grave Creek recovered from a low in 1996 to

a high of 1600 fish (95% CI 3®-7,400) in 2008.Recent (201-2020) abundances have varied between
1,300 and &0 fish, with 800 fish (95% CI 20-2,700) calculated for 202dn Harmer Creek, ag2+ fish
recovered from a low in 1996 #20fish (95% CI230-2,500) in 2008,andh ave decl i ned si
total of D0 (95% CI 30-2,200), droppingsharply to 2 fish (95% CI 1150) in 2019%efore increasing to

160 fish (95% CI 41-570) in 2020.

Adult fish have seen much less dramatic fluctuati@@rave Creek varied betwed®0 and 280 adults
historically (19962013)while recent(20172020)estimatediave beersubstantiallyhigher, ranging from
460 to 1,100 fish, with %0 fish (95%CI 220-1,700) in 2020.Harmer Creek varied betwe&80 and540
adults historically, with similar recent abundances (rang§@:530) and 280 fish (95% CI1100-900 in
2020.

While condition and fecundity estimates have improfggdsrave Creekn 2020, egg to agé suruval
rates have remained steady 3% (95% CI 0.89.0) just below the estimatedbopulationspecific
replacement level of 10%gg to agel survival In Harmer Creekihowever, egg to age survival rates
have dechedin every year monitoredince 2007 and weljast 0.01%(95% CI G0.5) for the2018 and
2019 spawn yeard he productivity inGrave Creekvas0.3 spawners per spawner (95% CIl 623 for

the 2019 spawn year compared to €01 (95% CI @.05)for the 2018 and 2019 spawn years in the
Harmer Creek population

While historical inventory data indicate the capacityhafsefish populations to recover fno periods of
poor recruitnent,recentsurvival rates and productivitizat remain consistently below replacement levels,
especially at low egg densitiesye cause for concern for the Harmer Creek populaiae-1
electrofishing data for thpast two yearsuggest negligible levels of recruitmettthisis the case and
conditions continue then th@pulationfaces the possibility dinctional extirpéion within the lifespan

of an adult VéstslopeCutthroatTrout, approximately 8 years
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INTRODUCTION

Harmer Creek is a tributary of Grave Creek, which flows into the Elk River in SE British Columbia. Teck
Coal Ltd. (Teck)ownsElkview OperationgEVO), a coal mine within the Harmer Creek watershed, and
waste rock deposits from these operations occur in the headwaters. In contrastnther@ing influence

in Grave Creek upstream of the confluence with Harmer Chigeke has been small amountsastry

in the watersheds of both creekdarmer Creek and Grave Creek support isolated populations of
genetically puréCope and Cope 2018YestslopeCutthroat trou{WCT; Oncorhynchuglarkii lewisi).

While naturally isolated from the EIk River system by a natural bedrock fall barrier in Grave Creek Reach
1, theWCT populationsn Grave Creek and Harmer Crewekrefurtherisolated from each other by the
construction of the Harmer Sediment Pond Dam inl19he current monitoring program for the WCT
populations in these twwatershed was established by Teck in 2QCbpe and Cope 2020)

WestslopeCutthroat troutire a species of Special Conceothigprovincially and federally ardistribution

in SE BC islargely restricted to smallisolated headwater streanidentified threats includgenetic
introgression from Rainbow Trout, restrictesh passagassociated with roads, forest harvest, angling
mortalities, climate change ananing (Fisheries and Oceans Canada 2017)

Coal mining impacts on WCTtan include habitat losand fragmentationand changes in physical and
chemical attributes of fish habitat such as riparian clearing, the bioaccumulation of selenium (Se), and
leached minerals such as calcite from wastk (Fisheries and Oceans Canada 200iher potential
anthromgenic impacts to WCih these watershedsclude stress from handling and electrofishing during
monitoring andsalvage effortsclimate changend broad scaldandscape factors primarily related to
forestry, ecreation, mining exploration and roaltsGrave Creek and Harmer Creeécreational angling

is prohibited MFLNRORD 2019)

Fish populations are alsoibject to variation through stochastic effectsextdeme eventsuch as floods
Although Kennedy and Mey€P015)found that bioclimatic indices such as mean annual air temperature
and mean winter stream flow generally explained little of the variation in WCT abundance, recruitment
failure can occur at low water temperatu(€sleman and Fausch 2007alrvival declines sharplgt
temperatues above 19°(Bear et al. 2007and ice conditions can limit available habitat in wir{firown

and Mackay 1995)Small populations are also prote low genetic variability, genetidrift and
inbreeding depressiomcreasing extinction riskSoulé and Mills 1998; Taylor et.2003; Carim et al.

2016) A detailed account agnvironmental condibns (natural and anthropogenic) that may be stressors
on WCT and influence population dynamiedl be found in theHarmer Creek Evaluation of Cause
Report(Report pendingHarmer Creek Evaluation of Cause Team 2021)

Cope and Cop€2020) estimated thatdiween 2017 and 2019 ttabundance ojuvenile WCT (< 150
mm)in Harmer Creek declined by 98%hiletheabundance cidultWCT (> 150 mm) in the same creek
declined by 25%ln comparisonthe estimated abundance of juvenile (<150 mm) and adult (>150 mm)
WCT in the adjacent Grav@reek watershed declined 120% and 38%respectively(Cope and Cope
2020) To reduce theuncertaintyaround these estimatege repeated sampling efforts in 2020 and re
analysedll of theexisting data using laierarchicalBayesian framework.

Bayesian methods provide a method to update uncertainty based amcdgtarates all the information

in the data while also readily dealing with missing valilttisrarchical modelsre requiredo separate

the contributions of stochastic, site, population, mining and regional effects on the data and explicitly
account foproblematicsources of variatigrsuch as observer efficienfgéry and Royle 2015Bayesian
methods are well suited to this approach. Additionally, Bayesian methods readily handle missing values
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do not require minimum sampd&zes, allow the incoporation of prior information and facilitate intuitive
probabilistic statements about derived parameféfgat 2002) To increase understanding about the
magnitude and consequences ofdpparent decline, two questions were addressed in this report:

1. What are the juvenile and adult abundances foGitareCreekand HarmeCreekWCT
populatiors?
2. What is the recruitment to the populas8n

METHODS

2020POPULATION MONITORING STuDY OVERVIEW

In 2020, the Grav€reekand HarmelCreekfield program consisted @ spawning survey andeCT
density monitoring program performed through backpack electrofisfotigwing similar protocols to
previousyears The spawning survey completed20820 marks the third consecutive year of spawning
data (2018, 201%nd2020). There are four yearsretentelectrofishing data for this project (2017, 2018,
2019,and2020)as well as historicadlectrofishingdata from 1996, 2008 and 2013.

STuDY AREA

The study area included Grave Creek, Harmer Cresskibutary(EVO) Dry Creekand its tributary South
Tributary (Table 1), which areall locatedupstream of a natural fish migration barrier (waterfall located

on lower Grave Creel€igurel). Grave Creek is a tributary of the Elk River located approximately 9 km
north of Sparwood, British Columbi&he natural falls in the firgseach isolate the upstream fish from the

Elk River, resulting in WCT being the only species preseutside of stockedokanee andriploid
RainbowTroutthat arerestricted toGrave LakeReaches 1 through 5 of Harmer Creek are influenced by
mining acivities in Dry Creek. Harmer Creek Reach 2 is located upstream of a 12 m high dam with a
concrete spillway and a constructed sediment pond upstream (the Harmer Sediment Pond). This dam
structure has isolated @1 in Reach 2 through Reach 6 of Harmer Creekifthose in Reach 1 of Harmer

Creek and Grave CreelReach 6 of Harmer Creek is located upstream of the Dry Creek confluence,
representing the headwater portions of the str@&mh are not influencetly mining activities. Grave

Creek reaches 1 and 2 drgluenced by mining activities since they are located downstream of the
Harmer/Grave confluence. Reaches 3 and 4 in Grave Creek are located upstream of the Harmer/Grave
confluence and arnefluencal by exploratory mining and forestrizurther descriptiomf the study area

and the study design apeovidedby Cope and Cop€020) Tributaries in these drainages, except for

Dry Creekandits tributary South Tributary, were assumed to make a negligible contribution to the overall
population abndance and were ignored when estimating the population abundaiéel]).

Table 1. Lineal habitat (km) by population and habitat type. The values in brackets were used to calculate the
population abundance. Tributaries except Dry Creek and South Tributary were assumed to make a negligible
contribution to the population abundance.

Population Mainstem Tributary
Grave 9.0(9.0) 3.4(0)
Harmer 8.1(8.1) 6.5(2.9)
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Stuby PERIOD

The spawning (redd) survepok place betweedunel5to July I7- 2020. Backpack electrofishing
sampling was conducted from September 18 to October 1, Ba2Bpack electrofishingrhing was
similar to the previous sampling programs in 2017, 2018 and Z048le2).

Table 2. The backpack electrofishing start and end dates by population and year.

Population Year Start Date End Date
Grave 1996 04-Sep 26-Sep
Grave 2008 14-Aug 14-Aug
Grave 2013 15-Aug 21-Aug
Grave 2017 18-Sep 29-Sep
Grave 2018 18-Sep 24-Sep
Grave 2019 25-Sep 02-Oct
Grave 2020 18-Sep 01-Oct

Harmer 1996 04-Sep 15-Sep
Harmer 2008 15-Aug 19-Aug
Harmer 2013 04-Jul 30-Aug
Harmer 2017 08-Aug 30-Sep
Harmer 2018 07-Sep 14-Sep
Harmer 2019 16-Sep 03-Oct
Harmer 2020 22-Sep 01-Oct

POPULATION MONITORING

SPAWNING (REDD) SURVEY

Five spawning (redd) surveys were completed approximately every 10 days dudogeh® to July B,

2020 spawning season. Most of fied bearingstream channel lengtibove the natural barrier in Reach

1 was traversed on foot over a feday period tadentify and map the location of redds distributed within
each strean(Figure 1). Where possible, redds were confirmed withsevations of paired WCT
displaying active courtship and redd construction behaviours (@up€ope 2020). Redds identified in
the survey were gereferenced, flagged and the modifiediHabitatAssessmerrocedures (FHAP)

form used in mesdabitat characterization completeibhnston and Slaney 1998he method of redd
confirmation wa recordedi(e., spawning pair observed on redd) and all redds were further documented
with photographs (Cope and Cope 2020).
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Figure 1. Grave Creek and Harmer Creekstudy areawith barriers , reaches, electrofishindocations and WCT
bearing habitat.
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REMOVAL DEPLETION ELECTROFISHING SURVEY

Age-1, age2+ juvenie (referring to fish from the age ofyZarsuntil maturity),and adulWCT of Grave

and Harmer populations were examined through tpess removadiepletionbackpack electrofishing
surveysFollowing Cope and Cop@020)fish were assumed to be adult at a length of 150 mm. Based on
visual examination of lengtirequency plotgsee Resultsihe following population specific agdass
cutoffs were use(lTable3).

Table 3. The population specific age class cutoffs.

Minimum Maximum Length
Population  Age-Class  Length(mm) (mm)
Grave Age-1 50 99
Grave Age-2+ 100 149
Harmer Age-1 45 94
Harmer Age-2+ 95 149

Sampling followed methodand locations from previous monitoring programs (Cope and Cope 2020).
Sixteen locations sampled during the 2012019 studyperiod were revisited in 2020 (Figure 1).
Depletionremoval estimates were conducted at three distresdabitatunits perlocation(e.g., pool,
riffle, run, glide or cascade)seeCope et al(2016)for a description of mesohabitats

Crews of 23 people used a backpack electrofishing unit (SiRiblot LR24).Upstream and downstream

stop nets wee deployed perpendicular to shore at all sites. The lead line was anchored to the stream bottom
with large cobble and boulders placed as weights along the lead line. Stop nets consisted of 4 mm stretch
mesh.

At each site, electrofishing was initiatedfa¢ downstre@ end and consists ofsgstematic bank to bank
search in an upstream direction, followed by a sweep back towards the downstream net. Electrofishing
effort (seconds) were recorded at the end of each pass. Each successive pass consistied of simi
electrofishing effort. Both the upstream and downstream stop nets were checked for fish that may have
drifted into the nets at the end of each pass (Cope and Cope 2020)

DATA PREPARATION

The historical (pre2020) data were provided by Teck Coal ladan assortment of Excel spreadsheets
and shape files. The 2020 field data were provided by Lotic Environmentdligdestimates of the egg
to-agel survival required for population replacement were provided by ESSA Technologies latal.
excel workbook(Lodmell et al. 2017; Ma and Thompson 202The watershed, stream, lake and
manmade waterbody spatial objects were downloadedHiitlonest GeographicBostGIS API to a copy

of the BC Freshwater Atla¥he data were extracted and cleaned atheld(Wickham 2014pefore being
stored in a purpose built SQLite database using R version 4.0.3 (R Cone2024).

STATISTICAL ANALYSIS

Model parameters were estimated using Bayesian methods. The estimates were produced using JAGS
(Plummer 2015)For additional information on Bayesian estimation the reader is referred to McElreath
(2016)
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Unless stated otherwise, tBayesian analyses used weakly informative normal andnioathal prior
distributions(Gelman et al. 2017)The posterior distributions were estimated from 1,500 Markov Chain
Monte Carlo(MCMC) samples thinned from the second halves of three cfigerg and Schaub 2011)
Model convergence was firmed by ensuring that the potential scale reduction fa¢torp8t uKery

and Schaub 201H8nd the effectiveample siz¢Brooks et al. 2011%3 3 p v far each of the monitored
parametergKery and Schaub 2011)

The parameters are summarised in terms of the psimhatelower andupper95% credible limits (CLs)

and the surprisa-value (Greenland 2019)The estimate is the median (50th percentile) of the MCMC
samples while the 95% CLs are the 2.5th and 97.5th percentiles:vBhgescan be considered a test of
directionality. More specifically it indicates how surprising @imits d binary databits) it would be to
discover that the true value of the parameter is in the opposite direction to the estimataluenos 4.3

bits, which is equivalent to a-ymlue (Kery and Schaub 2011; Greenland and Poole 20138).05,
indicates that the surprise would be equivalent to throwing 4.3 heads in a row. The condition-that non
essential explanatory variables haveatues 4.3 bits provides a useful model selection heur{§tery

and Schaub 2011)

The results are displayed grapdllg by plotting the modeled relationships between particular variables
and the response(s) with the remaining variables held constant. In general, continuous and discrete fixed
variables are held constant at their mean and first level values, respeativddyrandom variables are

held constant at their typical values (expected values of the underlying distribeng)and Schaub

2011) When informative the influence of particular variables is expressed in termseffetiesiz€i.e.,

percent change ithe response variable) with 95% credible inter¢@ls, Bradford et al. 2005 redible

intervals are the Bayesian equivalent of the ictamfce intervals used in frequentist statistics.

The analyses were implemented using R version 3@.Core Team 2019and the mbr family of
packagesSome analyses include parameters from a third watershed, the upper Fording River, to provide
further context to the results.

M ODEL DESCRIPTIONS

LENGTH-AT-AGE

The individual lengths of the agefish as identified by the fork length eoffs were analyzed using a
mixed effects model with a log transform.

Key assumptions of the model include:

A Fork length varies amomgppulations.

A Fork length varies randomly among years with populations.

A Fork length varies by day of the year of capture.

A The residual variation in the fork lengths is normally distributed.

ELECTROFISHING

The single and multipass electrofishing data forv@i@reekand Harmer Creek were analysed by the
lengthbased life stages using a hierarchical Bayesian removal ri\dgekt 2002) Youngof-year fish
(age0) were excluded due to the high temporal and spatial variability associated with their late emergence
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from clustered redds as well as their low capture efficiency and the fact that their numbers have yet to be
thinned by densitglependent mortalitfdohnston and Post 2009; Dauwalter et al. 2009)

The earliest dat41996 are from an inventory study (Morris, Cope, and Amos 199 determine fish
presenceThe study methodology wasomparablewith subsequendamplingfor populationassessment
that occurred from 2008 onwartihe1996methods state that

During electroshocking operations optimum output voltage was in the range ef5800volts at a
frequency of 60 Hz. The electroshocking procedure involved maneuyearpstream with the
anode while one or two netters captured stunned fish and transferred them to a holding bucket for
processing.

and that

Conductivity and temperature measurements were taken to at the time of sampling to provide a level
of confidence witlrespect to electroshocking effectiveness. Electroshocking was initiated at each
point and conducted until fish were captured and a minimum of 26@mpled or gradients exceeded

20%, significant barriers were encountered, or 500 m of all habitat undsdarther 500 m of prime
habitat had been sampled.

Between 2017 and 2020 three different mesohabitat sites were sampled at each location, all other program:
electrofished only one site at each location. Additionally, 1996 and 2008 were single passheftatid
not use stopnet3he2017 salvage program in Dry Creek did not use stopnets.either

Key assumptions of theemovalmodel include:

Lineal density varies by year within population.

Lineal density varies randomly by location.

The number ofish at each site in each year is described by andigpersed Poisson distribution.
The capture efficiency varies with the electrofishing effor¢éasured in seconds/m

To o Io Do Do

The catch on each pass is binomially distribpyteldere the number of fish preseattthe beginning
of the pass represents the number of trials and the number of fish caught is the number of successful
trials.

The abundance was calculated excluding tributary habitat except EVO Dryade&outh Tributary

Preliminary analysisuggests that mesohabitat type was not an informative predictor of density or
efficiency and that voltage was confounded with y&aese variables were dropped.

Boby CONDITION

The electrofishing length and weight data for fish from Graweekand HarmeiCreek were analysed

using a mastength model (He et al. 2008)Fish with a fork length 65 mm were excluded from the
analysis as the error in their weight measurements was a relatively high proportion of their absolute
weight.

The model was baseaxh the allometric relationship
®w |0

wherew is the weight (mass), is the coefficent, is the exponent andlis the length.
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To improve chain mixing the relation was ltgnsformed, i.e.,
l o | olg | tl oly
Key assumptions of theondition model include:
A | can vary randomly by population and year.
A The residual variation in weight is lewprmally distributed.

Preliminary analysis indicated little variationfinby population and year.

FECUNDITY

Following Ma and Thompso(2021) the fecundity was calculated assuming the following allometric
relationship from Corsi et a[2013)
0 pPH w

pP8T T T

The annual fecundity for the Grave and Harmer populations was estimatattblatingthe number of
eggs for each adult caught by electrofishing based denigghand then talkg the arithmetic mean.

O exp 18 ucd XY og

RECRUITMENT

The total annual egg deposition was calculated from the annual fecundity (eggs per female) and the
estimate of adults, assumiagl:1 sex ratio and repeat spawning every other dlames and Graham
1998) so that 50% of the adults are female and only 50% of ferdajessiteggs.

The egg to agé survival(Pulkkinen et al. 2013)vas calculated by dividing the estimate of the-aAge
individuals by theestimatedotal egg deposition the previousydao r t he same year i f
egg deposition was unavailahl@he egg deposition was plotted in terms of the number of eggs per 100
m of habitat to allow comparisons among systems.

The eggto-agel survival requred for population replacement was taken from the Excel workpraide

4) provided by Ma and Thomps¢2021)with one modification. The proportion maturg age 0, gavas
calculated using the following equation (as opposed to a lookup table to allow the uncertainty in the
maturation schedule to be quantified through a single pararsterbelow)o is the age at which 50%

of fish are mature and aljés age to the ¥2power, to produce a maturation curve equivalent to Ma and
Thompson(2021)

- age
0 —
29¢ % age
The uncertainty in the egp-agel survival required for population replacement was quantified by

independently sampling from the uncertainty for each parar(ieabie4) assuming a truncated normal
distribution of the form

O est iuppelrow_l_elrovﬁjer er
hrate—
Y 080 C prp
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Table 4. The life-history parameter estimates for the Grave Creek and Harmer Creekpopulations from Ma and

Thompson (2021).

Parameter Estimate Lower Upper Description
SJ 0.3835 0.20 0.574 Juvenile Survival (agé and-2)
S A 0.7330 0.68 0.790 Adult Survival (age3+)
A_max 14 12 16 Maximum age (yr)

L_inf 275 250 300 Mean maximum forkength (mm)
k 0.15 0.11 0.195 Growth rate (y1)
a0 -0.45 -0.10  0.212 Age at zero length (yr)

As 5 4 6 Age at 50% maturity

PRODUCTIVITY

To facilitate further comparisons the expected lifetime number of spawners per spawner (Myers 2001)
(rho) wascalculated by dividing the estimated egg to-ageurvival by the estimated egg to &lgsurvival

for replacement for each population in each year.

RESULTS

SPAWNING (REDD) SURVEY

Spawninghas been document#dtroughout the mainstem bbth Grave Creek artdarmer CreeKFigure

2).

2018

2019

2020

Figure 2. The spatial distribution of recorded WCT redds by year.Red dots are WCT redds, black dots ardarriers

to fish.
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ELECTROFISHING

In 2020, éectrofishing surveysn Grave Creelcovered0.6 km,approximately5% of the fish bearing
habitatandsurveys in Harmer Creek cover@d km approximatelyd% of thefish bearinghabitat(Table
5). These wersimilar efforisto previous years

Table 5.The total site length and number of fish caught on théirst pass by lifestage, yearpopulation and mean

voltage.
Year Population Site Length Age 0 Age 1 Age 2 Adult
1996 Grave 1632 0 0 1 4
2008 Grave 250 0 3 7 2
2013 Grave 300 0 0 2 3
2017 Grave 544 3 20 29 29
2018 Grave 574 4 20 29 17
2019 Grave 586 3 15 24 21
2020 Grave 568 0 4 10 9
1996 Harmer 300 0 0 0 2
2008 Harmer 550 0 6 12 4
2013 Harmer 800 0 0 2 5
2017 Harmer 2540 4 16 56 36
2018 Harmer 528 3 2 12 12
2019 Harmer 486 0 0 1 8
2020 Harmer 534 0 0 3 5

FORK LENGTH

Based orvisual examination of lengtfrequency plots forite Grave Creek WCT populatioageO fish
were < 55 m, anagel individualswere considered to deetweens5 and 99 mm (Figure 3). Harmer
CreekageO fish were <45 mm andgel fish wae between 45 and 94 mfRigure4). Adults of both
populationswere considered to be individuals 150 mm. In the current repoege2+ juveniles are
those individuals that are too big to be-dgleut too small to be adults

1C
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Figure 3. Numbers of fish from the Grave Creek population by fork length, year and lifestage .The dotted lines mark
the transition from one life stage to the next.
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Figure 4. Numbers of fish from the Harmer Creek population by forklength, year and lifestage.The dotted lines mark
the transition from one life stage to the next.
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The average size of a@efish is 37 mm (95% CI 289) for Grave Creek population and 31 mm (95% CI
21-44) for the Harmer Creek population. Annual average sizes e déigh in the upper Fording River
areincludedfor context(Figureb).

Historic Recent
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50 1

- t ot

anelg

m
a0 [«2} ~
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1 1 L
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NN
o

<
+
.

40: ® + !

® e

Buipio4 Jaddn

30 4

T T T T T T T T
2013 2014 2015 2016 2017 2018 2019 2020
Year

Figure 5. Annual fork length for age-0 fish in Grave Creek , Harmer Creek and theupper Fording River on
September 15th

Electrofishing results show higrariability both between locations and within locations by y&ayure
6). For 2020total absence of agefish caught during the first pagsHarmerCreekare notableas well
as the absence of agdish in the 1996 inventory, in both creeks
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Figure 6. The electrofishingcapture densityaveraged across the first three passéwy year, location, life-stage,
population, channd type and study type.Locations on the y axis are listed in an upstream direction (refer to Figure
1).

AGE-1 DENSITY AND ABUNDANCE

Capture efficiencies for age WCT areindicated inFigure 7. Estimated ge-1 densities at electrofishing
sites are generally higher for Grave Creek than Harmer Cvdedre densities are quite lgiwigure8,
Figure9). In Grave Creek densities of afidish show a general increasing trend moving up the watershed.
In contrastHarme Creek densities showgenerateclining trendrom HAR3 to H4 and then consistently
low densities unti5T1 and D%are reachedh South TributaryFigure9).

Figure 7. The estimated g@e-1 capture efficiencyby electrofishing effort (with 95% CIs).
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