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Introduction

Thelower Kootenay bubpot (Lota lotg) population is of special concern, witrange throughout the
KootenayRiver (spelled Kootenai ithe US) in Montana, downstream into Idaho and British Columbia
(BC) and into Kootenay Lake in BC. This population supported a popular figlrengh the 1960s and
1970s afterwhich asevere decline of burbot in both the US and Canesldedin theclosure of the

Idaho fishery in 1992 and the BfShery in 1997 Partridge 1980; Paragamiahal 2000;Paragamiarmet

al. 2008 Ahrens and Korma 2002). Likely factors that led this population near extirpation include
decreasefbod availability, overfishinghabitat changegarticularly due to significantly increased winter
discharge and temperatuwieangesluring the spawning period, and oth@partridge 1983) Presently,
Kootenay burbot are Red listed (S1) in BC (BC CDC 2013) and the entire population has been recognized
at near extirpation. Subsequently, a multilateral agreement was signed in 2005 to guide work towards
Kootenayburbot resbrationacross their range in Montana, Idaho and(RZRI Burbot Committee

2005; Ireland and Perry 2008).

By the early 2000she Kootenay burbot population size was deeledomanagers to be too small to
recover on its owywhich prompted investigatiato develop conservation aquaculture techniques
(Baxteret al. 2002 a,b; Neufeld and Spence 2004; Neufeld 2005; Jensr2008). Several lakes with
healthy burbot populations were evaluated for potential use as broodstock soaleesntuallyMoyie

Lake was identified as a suitable broodstock choice due to genetic similarities and location within the
Kootenay River drainage (Powell al. 2008; Neufelcet al. 2011b). With the cooperative efforts of

Idaho Fish and Game (IDFG), the Kootenai Tribédaho (KTOI), the University of Idaho Aquaculture
Research Institute (ARI) and the Ministry of Forests, LaNdsural Resource Operatioand Rural
DevelopmentFLNR), annualgamete collection anagh-sitefertilization haze been successfully

completed orMoyie Lake since 2009.

Releases of hatchery reared buribtd the Kootenay Rivefincluding tributaries) and Lakeave been
completed annually since 2008¢ludinglarval, juvenile and adult burbot. Monitoring of hatchery
released burbot has been aperative effort betwediDFG and FLNRand includes hoop net sampling
within the Kootenay River (in US and Canada), passive sonic telemetry evalpatiore®d trapping
within Kootenay Lake.Since 1994, IDFG has led annualp net samplinguntil the hachery program,
hoop net catch rates wedeclining,butin 2011 catch ratestarted tancreag andby 2012 exceeded
levelsobservedorior to 2000(Rustet al. 2017. Catch rates angrowth ratesuggestd hatchery released
burbot are adapting and surivig well in the river Rustet al 2017, Rosset al.2018. Passive acoustic
telemetrystudieswereinitiated with the first hatchery releases in 2@0@lhave identified extensive
movements and good survival rates (Neuétldl 2011a; Stephensoant al. 2013; Hardyet al. 2015.

Data from the telemetered fish suggest that 25% ofsgults and adulteleased into the rivérave used
the available habitat within Kootenay Lake (Hasdyal 2015, triggeringre-initialization of cod trapping
within Kootenay Lakein 2013to recapture hatchery released burbot and any remnant wild burbot
(Stephenson and Evans 2014)2018the first case of successfukiiver spawningvasconfirmed,and
thevirtual population analysis indicat¢he Kootenay River populatiovould reach recovery targetb
17,500 adult (4+) burbdty January 2019 therefore Idaho Fish and Game has moved forward-with re
opening the burbot fisheiy theriver (Rosset al andSquier 2019 Details ofthe fishery will be found

i n | RumGdeport.BC biologists are closely monitoring and evaluating the establishment and
growth of the population and will consider a fishery in the future assuming the population remains stable.

This reportincludes allof FLNRORDGS burbot samplingffortsin 2017-2018(June2017throughMay
2018 completed as part ¢dwer Kootenay burbot recovery efforés well as recommendations for
changedo future sampling The Moyie Lake portion of this report includesummary ofhe gamete
collectiors, a summary othe passive acoustitelemetrystudy initiated in 20138nd a summary of the
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Moyie Lakespawning population estimate based eoapture recordsThe monitoring and evaluation

efforts within the Kootenay River and Lake in BC incldde this report areodtrappingandpassive

sonic telemetryas well as an update on hatchery releases2@ii# Other monitoring programs incled

the large hoop neihg programcompletecannuallyby IDFG (fora | | annual reports see
their main website All monitoring programarecarried out withcooperative effortfrom all

international cemanagersn order to assist ithe evaluaton of hatchery success well ago informthe

trajectory of the remaining wild population
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Section 1:Moyie Lake gamete collections
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1.1 Executive summary

The2018 Moyie Lake burbot gamete collection efforts were a success due to the cooperative efforts of
IDFG, KTOI, ARl andFLNRORD (Appendix G:Photograph 1 of the 2018 Moyie Lake Burbot gamete
collection field crew) This year was théenthconsecutive year of gamete collection from Moyie Lake
burbot for the restoration efforts of the Kootenay burbot population. This year sampling occurred
between Fetuary12-16 at a location in theouth east corner of tidorth basin In total there werd15
burbot captures and gametes were collected 8dfamales and9 males. We collected and fertilized
7.85million eggson icefrom 49 different families meeting the prestablished egg collection target
agreed upon at tH2017Annual ProgramReview. In total 7.6 million eggs from49 families were sent to
the Twin Rivers hatchery whil234,260eggs were sent to ARIThe egg viability 48hrs post fertilization
at Twin Rivers was on averagé.®%6 which equates to an egg survivaliesite of 6.96 million eggshe
meanegg viability offour of thefive families sent to ARI wa80.246 at hatch (approximately6 days

post fertilization) the survival of the remaining family was not measured as it was sacrificed during a
temperature study

1.2 Introduction

Moyie Lake burbogamete collection and esite fertilization has been successfully completed annually
since 2009. In the lasineyears of burbot gamete collection on Moyie Lake there has been continued
annual improvement of collectiand fertilizationmethods These projects have contributed to key data
relating toour understanding dfasic life history traits of burbot (Neufeld and Spence 2009; Neufeld
2010; Neufelcet al. 2011b; Stephenson and Neufeld 20 Rephenson and Evans12)2015 2016and
2018. In2018 we continued tamprove our abilities to médargets established by-toanagers at the
international lower Kootenay burbannual PrgramReview

Specifically, this year our objectives were to:
9 Collect7 million eggs fom upas manyfamiliesas possibland create family sizegeater than
75mL of eggs(135,150 unfertilized eggs)
0 All eggs will be usedor hatchery production at Twin Riveexcept for an approximate
subsample of five families representirgb0000eggswhich will be sent téARI for
research
1 Collect genetic samples from all hatchery broodstock for tracking hatchery burbot with parental
based tagging (PBT) once released into the Kootenay syaein,
Record key data from all captured burbot (tags prekamgthandweight) and ensure a tag is
present on all fish before releasehelpimprove population estimates.

1.3 Methods

1.3.1Sampling location
Moyie Lake islocatedin south eastern BC, approximately 20 km south of CranbrDole to poor ice
conditions,samping occurredn the same location 913 through 201@hich is approximatel2.5km
furthersouth oftheinitial sampling location at th€otton CreeKFigure 1) All gamete collections were
completed in awo-weeksampling period between Februdr3-16.
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Figure 1. Study area overviev2017. Samplingtook place at the south end of the Ndy#sin
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1.3.Xollection methods
Burbot wereprimarily collected by anglinghroughaugured holes ithe iceprimarily with IHN free
Kokaneeg(Oncorhynchus nerRas well adaitfishcaught on Moyie Laksuch as sucker€étastomus
sp.). Congregations of spawning burbot were targeted by directly looking through holes in the ice or by
using underwater video camel@sg.,AquaV u 6 s Mi c TrammBl neBsvee Peployednh addition
to angling Trammel netswereonstructed of t wo stieteheneaswepeningget wi t h
andmeasurindl.6 mdeep and11.6 mlong. These nets werdeployedunder the iceising approximately
1-hoursets As advised in 2018 (Stephenson and Ex2018 a focused efforivas made¢o deploy
trammel nets in proximity to angling locationsetealuate capture biases in the laagn angling
collection methodAngling could produce skewed results in a number osyayamples include
capturing a differenproportion of sexedue to their spawning behaviours or due to their learned
behaviours over tim&@rammel effort and catch data are presented in this section while Section 2 will
utilize this data to address thapture biases which could influence how recapture data is used to estimate
survival and abundance of the total population.

On captureall burbot weragnspectedor an existing Floy tad-loy tags were the primary unique
identifier for Moyie burbatlf no Floy tag was present on capture, a Floy tag was inserted through the
dorsal fin raysangled to the reaAll captured burbot were weighed to the nearest,36tgl length was
measured to the nearest millimeairedeach fish wagassessed for spawn cotiall. Recaptue history of
burbot in ripe spawnonditionwas obtained frorthe capturedatabase tavoid usingourbotthat were
spawredin pastyears

1.3.3Spawning
Burbot spawning condition was classified on captiéth slight pressurgipe males ealsi expressed
milt while ripe females easily expressed eggs. Green raalk$éemales had firm abdomens aindl not
easily express milind eggs respectivelySpenimales andemaleshad flaccid abdomens aodly
expressdasmall amount of milt and few eygs. Any burbotfor which gametes were not obserweére
classified as unknownRipe individualsneeded for spawning were transported to the onsite spawning
tentto collect gametes needed fhe fertilization process as outlined in Neufetdal (2011b). A tissue
sample from the dorsal fiof each spawned burbeas collected for genetic analysis purpasesrder to
utilize PBTon hatchery releaskburbot captured in the Kooten®wer (Rosset al 2015)

Milt samplesverestored at temperatures veten 02°C andtheir motility wastested regularly and

immediately prior to useThe time of each motility evaluation was recordedssesshanges in sperm

motility over time therefore ensurirsgveral viable batches of milt were on harten needed

Similarly, egg quality observations were recorded for each family to evaluétettees on family

survival. To improve uporour ability toidentify egg viabilityin the field all egg batches collected in
2018hadthe following criteria recorded: eggkbdy from start oonly at theend eggs contained

fungus. Any additional observations, including egg consistency or floating eggs were also recorded in the
comments.

To generate an unfertilized volumetric egg estimateellected egg batches directhytd graduated
cylinders The volumetric unfertilize@ggs per mlestimate wag802 unfertilized eggs/ mL (Stephenson
and Neufeld 2013). This estimate was applied in the iiietolder tocreatefamily sizes. Egg viability

was assessed&tT O IT&is Rivers hatchery at 48 hours post fertilization andX éays post hatch at
ARI.

Ripe femalesarethelowest proportion ofhe catch (Stephenson and Evans 2@015, 2016 2018, and
therefore optimizing ripe females available for egg take is a priorityas$ist with thisgreen females
were placed in PVC holding tubander the icé¢o allow time for egg maturationkish placed in these
holding tubes werasually released within 48 hours if they did not become rifgee use of these PVC

2017-18 lower Kootenay burbot summary: Moyie and Kootenay Lake/River 7



tubes was initiad in 2011 and has greatly improved efficiency on the ice (methods further described in
Neufeldet al. 2011b). We continued to use a maximum of $ubes with each tube able to hold four to

six burbot.Similar to efforts in2013-2017, we usedx fewof the tubes to hold ripe males overnight to

have the ability to collect milt and test sperm motility first thing the next morBieg.Appendix G:
Photographs-28 for a depiction of all steps taken to collect data from all burbot as well as the process
takento create families.

1.3.4Data comparisons across all years (2062017
Catch data was compared betw@6id8 and the previourineyears of gamete collection efforts on
Moyie Lake. Sampling has always taken place in February and has occuredlOwtayts edtyear.
The number of captures, recapture rate, size of burbot captured and gamete collection results were
compared across all yeaddP vers 10.0.0 was used for statistical analy¥és.used a one way analysis
of variance (ANOVA) to compare the meandgh and weight of burbot across all years and Tukey HSD
test to identifypairs ofyearsthh. had si gni c a nof0.08wak fisedrtcedafioeesgnificantAn U
difference.

1.4 Results

1.4.1Effort and catch data
Samplingby approximately 145 anglerspccurred over the course fofe daystotaling approximately
32 hourspetween February2 and16, 2018. Individual rod hours were not trackdde cover was
approximatelylO cmthick for the duration of the studynd meamwatertemperaturesf 1.9°C SE 0.
(ranging between 2°C i 2.0°C) in water ~4.5 m deepl'he total catch ir2018 was415burbot Of the
415 captureeventsl1 were intrayear recapture events0 fish were capturetlvice,and 1 fish was
captured thriceresulting in the capture @04 individual burbotin 2018 Of the404individuals caught;
67 were female334were male and4 were uknown. There were alsR0 inter-year recapture8(404
19.8%). Interyear recaptures were either tagged during previous gamete collection efforts which occurred
between 2009 an2017or were taggeduring the short cod trapping effofts the telemetryproject in
2013 and 2014 (Stephenson and Evans 2082015. No mortalities were noted 2018.

Our analysisincluded404individual burbot with lengthandweights.The mean length of burbot

captured was36.3mm (SE=3); the range wa840mm to 755 mm (Figure 2). Mean length ahdividual
males and females were significantly differgmt0.000) at527 (SE=) and574 mm (SE=8)
respectively. The mean weight of all individuals was @59 (SE=24) with a range 08259 t03200g
(Figure 3). Emales were ghificantly heavier in weight (p<0.0001); the mean weight of all females was
1,3649 (SE-59) and mean weight of males wad44 g (SE=26). It should be noted thdi2 of the66
individual females were weighed after they were spawttegteforethe mean wight of females

presented here is an underestimate of the true mean weight.

Of the415captures388captures were anglgdelding an approximate CPUE 12 burbot/ sampling hour
(388 burbot/32 hrdnd 27 captures were from ttrammel netyielding a CPUEOf 5.9 burbotper
sampling hour (27 burbot / 4.6 hours)
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Figure 2. Length frequency histogram (26m bins) of404individual burbotcapturel by anglingand
trammelnetsduring gamete collection on Moyie Lake, Febru2@ys.
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Figure 3. Weight frequency histogram (250g bins)3&fl individual burbotcapturel by anglingand
trammelnets during burbot gamete collection on Moyie Lake, Febr2aris.

1.4.2Spawning data
Of the404individual captures324were male onemalewasgreen 319were ripeandfour werespent
Of the319ripe malesaptured gametes were collected froff; 25% (79319 of milt samples collected
were used to fertilize eggs. Of téindividual females collectedpur were spent20were ripe andi2
were greemponcapture 6% (2942) of the green females were placed in holding tubésspawned9
females that were ripe upon capture 48 femalesthatwereheld in the tubeslhetwo un-spawned
females that were ripe upon captureevdeemed unsuitable for spawning due toadgpdy condition.
Females spawned after being held in tubes account88%e(12/32) of all females spawned this season.
Furthermore, we also used the tubes to hadiotal of39ripe males overnight to haveates on hand first
thing the next morningd3% (21/49) of spawned males came from the tubes. Ové&diiurbot were held
in the tubes this season

A total of 49, single cross families were created in the field uSiemales and9 males(Table 1) A
tissue sample for DNA analysis was collected fron8@lburbot that were spawneMiilt was collected
from 79 different males to ensure a sample with good motility sweslablewhen a spawning female was
available. This year theaverage time ailt samplewas held prior to use wds16 hourgmin = 02 hrs,
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max=4.73hrs). Of the79 milt samplesollected:8%% (70/79) had greater than 80% motility and were
deemed viable to use for fertilizatiorhile four samples were nahotile, and five samplewere not
tested

The volume of unfertilized eggs was measured in the field forfeadly. The egg volume ranged
betweer20-30 mL (22 mL, SE=1.7 for ARl and 50mL to 135 mL (mean86 mL; SE=2.4) for KTOI.
Theestimatechumber of eggs per family sent to ARhged from 36,040 to 54,060 eggs (me2®,043:

SE 3,003) and the estimated number of eggs per family sent to KTOI ranged from 90,100 to 243,270 eggs
(meanl55,450eggs SE=4,40]) per family. The totainumber ofeggs collected irR018 wasestimatel in

the field at7,851,314(Table 1).A sample 0f234,260 eggsfrom five different families vassent to ARI

for temperature studigg&\ppendix A)

All of the 49 familiessent to Twin Riverfiad goodsurvival. Survivalwithin the first 48 hoursanged
between 38.26 to 100%(mean survival 91.0 %; SE = 1.8) and thevival after thdirst 10 daysanged
from 12.8% to 99.6%mean survival 92.2 %; SE=2 &ppendix A. Survival of four of the five egg
batches sent to ARl was measured and ranged between 40 % to 8ZA8@O2%; SE = 0.1). The

survival of the remaining ARI egg batch was not measured as these eggs were used for temperature
studiesThe egg batches with potentialv-quality indicatorsin the field did notonsistentlycorrespond

to low viability in the atchery(Table 2).Total eggcountfrom Twin Riversat48 hoursand10-daypost
fertilization was6,961,094eggsand 6,583,323 eggs respectively

Table 1. Summary oMoyie Lakeburbot families created and egg counthia field n 2018.

Number of Total egg ¥ .Of _# .Of
Date I . e individual  individual
families estimate in field
females males

12-Feb18 2 297,330 1 2
13-Feb18 7 1,275,816 6 7
14-Feb18 12 1,960,576 7 12
15-Feb18 24 2,816,526 12 24
16-Feb18 10 1,501,066 6 10
Total 55 7,851,314 32 55

Table 2. 2018Moyie LakeEgg quality descriptorsbserved in the fieldndtheir corresponding egg
viability observations at thiamilies sent to the Twin Rivetsaichery.

Range in egg viabilit¢8h

Egg batch descriptors N post fertilization

Fungus 14 61.1%- 100%
Bloody only atbeginningof 0 NA
egg take
Bloody only at end of egg take 2 61.1%- 92.6%

1.4.Data comparisons across all years (20€2018)
Catch data wasompared betwee2018 and the previousineyears of gamete deltion efforts on
Moyie Lake. The number of burbatapture has ranged from 181 (2009) to 554 (2010), for a total of
3,570burbot captures in the pashyears (Table). Every new captureeceives a tag and over the
course of theenyears of this study a totaf 2,969individual burbot have been tagged with a Floy tag.
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The burbot recapture rateasapproximately 7%luring the first five years of this studgnd although still
low it hasincreased substantially in the last few ydaible3).

Table 3. Summary oMoyie Lakeburbot captures during gamete collection efforts between-200R
Number of Inter

Number of  Number of

Year Number of individuals Intraryea year recaptures
Captures %
capturel recaptures N
recaptures

2009 181 180 1 11 6.1%
2010 554 539 15 46 8.5%
2011 378 366 11 23 6.3%
2012 238 236 2 19 8.1%
2013 302 298 4 19 6.4%
2014 314 308 6 44 14.3%
2015 354 343 11 37 10.8%
2016 444 412 32 90 21.8%
2017 390 372 19 82 22.0%
2018 415 404 11 80 19.8%
Total 3,570 3,459 110 451 13.0%

The mean length of burbot captures has differed significantly between years of sampling (p<0.0001
4); the largest was in 2009 (586 mm; SE= 7) and thdleshanean length was 2018 (536 mm; SE= 4).
The mean length of all burbot caughidi8 differed fromall yearsprior to 2015;2009 (p<0.0001), 2010
(p=0.0026, 2011 (p= 0.0058), 2012 (p=0.0222)13 (p<0.0001xnd2014 0<.000% Figure 4. The
meanlength of males caught 2018 (527 mm, SE = 4 only differedfrom the mean lengths in 2009
(p<0.0001)2013(p<0.003 and 2014 (p=0.0019)The mean length of femal€s74 mm; SE = 10gaught
in 2018 only differed from females caught in 2014 (p3015).

Themean weight of all burbot captures collecte@®8 (1195 g; SE = 2Njliffered between the mean
weight ofthe followingyears 2009 (p<0.092), 2010(p<0.000), 2011 (p<0.0001), 2013 (p<0.0001) an:
2014 (p<0.0001Figure 5. Mean weight ofthe 2018 male burbotcapturedifferedfrom male mean
weights in: 2009 (p=0464, 2011 (p=<00003, 2013 (p<0.0001) and 2014 (p<0.000¢ean weights of
females caught i8018 (1364 g; SE = 102Zjiffered only from females in 2014 (p=0.0086)
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Evely year since 2009, gamete collection efforts hae¢ the egg collection target&gg survivarates
have steadily risesince the start of egg take (Appendix Bjom 20092014 all eggs were delivered to
the ARI hatchery facility starting in 2015nosteggs were delivered to Twin Rivers for hatchery
productionwith up toone millionunfertilizedeggsbeingsent to ARI for temperature researcurvival
and poduction from the egg take has var@mar the yeaof Twin Rivers production (Table 4)

Table 4. Approximate gg and production resulfsom Moyie Lake gamete collections between 2015
2018(the years since KTOI's Twin Rivers Hatchery has been in prodjuctmtails of production can
be found in Appendix B.

Year Fertilized egg estimate  Approximate pvenile Approximate egg
burbot released juvenile survival(%o)
(6-montholds in fall)
2015 7.3 million 260,000 3.5%
2016 7.1 million 140,000 2.0%
2017 6 million 40,000 0.67%
2018 7.8 million 96,711 1.23%

1.5 Discussion

Overal 2018wasanother successful year for our burbot gamete collections. Angling continues to be an
effective method of targeting spawning burbot in Moyie Lake and our egg collection etfometour
unfertilized eggargetsfor hatchery productionin order tomeet theséargetsthe following

methodologies have continued to be developed and become more refined over the years: fertilization
procedures, volumetric egg estimates, sperm motility testing, egg transport protocol and genetic tagging
(e.g,Stefhenson and Evar)16; Neufeldet al 2011H

Learnings and take homes fr@018
- Mid-February timing continues to be effective for gamete collectior&)18the peak egg take
was Februarg5".
0 In 2019 fish sampling should only occur during days wispawnings occurringto
reduce the possibility of ripe females spawning out in tubes.
o0 In 2019 consider continuing gamete collection efforts through the weekend to prevent
the possibility of losing the chance to spawn green females caught on they lakthaa
first week.
- The south end sampling site was effective for acces$sifigdensity spawningurbot.
- Angling was the primary capture method and trammel nets, set at random, provided a secondary
source of sampling
In 2018a focused effortvasmade tadeploy trammels nets in proximity to angling locations to determine
if our primary sampling method (angling) produces a biased ;dhishdata will be further analysed and
summarized in section 2 of this report.
- Tubes continue to provide a valuable tfmyl holding burbot, both males and females, to
minimize the number of burbot handled in a season.
0 The minimum volume of unfertilized eggs to be collected per family moving forward is
75 ml. This minimum volume will decrease the chances of physical damaggs$ being
aerated within th@win River incubation cones
- Single family crosses, and taking genetic samples from all crosses, continue to be a valuable tool
for tracking hatchery burbetith parental based tagging (PBdnce releaseih the Kootenay
sygem,
- Asin past years,gg quality observations in the field did not correlate to egg viability in the
hatchery.
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Section 2:Moyie Lake temperature andtelemetry evaluationsand
population estimates
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2.1 Introduction

An accurate population estimateviesry important for the continued protection of the Mdyade burbot
population in relation to its ability to sustain tip@metecollectionefforts andalsoto supporta popular

First Nation and recreational fishegfiyeufeld and Spence 2009he Moyie Lale Burbot brood

collection program has enabled the estimation of population abundance through aroaptwesapture
program. Large sample sizes of fish (up to 500) are caught annually by angling during a short timing
window annually (mieFebruary), wheflish are hypeaggregated for spawningihe most recent
population abundance estimate of Moyie burbot was 10,000 and ediliat collected from 2007012
(Schwarz 2012)This estimate was five times the previous estimate of 2,000 (Neufeld and Spe®ice 200
Neufeld 2008) Further investigations were needed to clarify assumptions which would allow for
improved statistical modelling of the Moyie Lake burbot populatiod associated populatiestimates
This report summarizes the analysis of our rradajpure dataset collected between 2048 in the
hopes to identify trends in the spawning population size as well as trends in body size (length and
weight).

Therewerea number of assumptios previous estimatefat couldhaveled to biases in populati
estimates The assumptionwere as follows: (1) tagged burbot have equal chance of capture relative to
untagged fish€g., learned avoidance of sampling geselectivity bias of angling, e}¢(2) burbot spawn
every year and therefore tagged buitte equal opportunity of capture each sampling session, (3)
burbot tagged at our current sample locat@nCotton Creeland the south end tfie North basinmix
equally within the entire population (i.e., low levels of spawning site fidelity), andu@pbmove freely
throughout both basins in Moyie Lake.

Between 20122014we double taggda subsample d&19burbot caught within the gamete collection
effortsto partially address assumptidnthatFloy tag loss was not an issuessumptions that need to

be addressed to confirm that the current sampling efforts during the spawning season in one area of
Moyie Lake allows for an accurate population estimate of the entire Moyie Lake adult burbot population.
Unfortunately, no results regarding the raté&loy tag loss were able to be concluded from this study
possibly due to an error in a failure to follow protoopkequipment malfunctionEvidence leading to this
conclusion include a high number of recaptutedbletaggedfish thathada Floy tagrecordedwithout

having aPIT recorded. Furthermore, PITs were detected in a few fish after beiognmeed at the spawn
shack prior to spawninigading us to believe PIT tags were not accurately being deteetedore this

dataset is not summarized ingheport.

In an attempt téurtheraddres®ur asumptionstwo studies were performadilizing telemetry and
trammel nets. The firgtudy involved using passive sonic telemeteyray, which wadnitiated in 2013.
This study entailed sonic tagging BOrbot from North and South Moyie Lake with V13 depth sensor
sonic tags between 2013 and 2014 (see Stephenson and Evais ZiBfordetails) with monitoring
contiruinginto 2017 Telemetry data was used to observe whether burbot: spawn every yaay, dis
spawningphilopatry andnove freely throughout both basifihis information could be used to at least
partially address assumptiongl2isted aboveThe second study entailedtting trammel nets to compare
the difference in catch with our main sding method angling While angling has proven to be a
relatively easy way to catch largeambers of fish during this season, it is possibledhgting could
impart biagsdue to selectivity of the gear. Three possible sources of bias include:-h)aSe) Size
bias, and 3) Capture history bias (eafter being captured ondedividual fish maybeless likely to be
captured again due to learned gear avoidance behavidhus),. trammel net data could be used to at
least partially test assumpt®h described above

To increase our understanding of the importance of temperature for burbot, particularly during spawn and
incubation period, temperature loggers were deployed with the telemetry receivers. These data will
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expand on the data collected ir02aL0 (Neufeld 2010) demonstrating cool and stable temperatures
(<6°C) during the incubation period.

2.2 Methods

2.2.1Analysis of capturemark-recapture data

A total of 4,404 capture records collected between 20, and 2002018 were analysed by Schwarz

(20 8a) , which aims to estimate the abundance of Mo
An RMark package was used to fit several 38lgber captureecapture models to estimate the

spawning population size by sex, catchability as well as\alrand recruitment by sex. These

model s were then ranked using Akai kiefiss I nfor ma
between fit and complexity to find the best one.

2.2.2Analysis of Telemetry Array data

An array of eighVemcoVR2W receivers werestalledthroughout both basins fdctober2013 a ninth
receiver was added in April 2015 (Figure 6). Receivers were downloadedinlly (once postpawn
in April and once in the fall) and batteries were changed once a year. All data from the reemieers
stored as raw vrl files and within a VUE (Vemco User Environment) database.

Detection data of all sonic tagged burbot within Moyie Lake were managed within a Vemco Vue
database. Survival estimates were made using detections and angler induaktiesarére evaluated

with a $100 reward Floy tag associated with every sonic tagged burbot. Movement between basins was
determined by detections from any of the receivers in either of the basins. Spawn site fidelity between the
two known spawning sitéa the North basin (Stephenson and Evans 2014, 2015; Neufeld 2010) was
evaluated by looking at detections shallower than 8m, within the period of February 1 to March 15, to
account for fish presence on the spawning grounds. The two known spawn locatiomadtwo

receivers that were used to denote detections within either location. Receivers #1 and 2 were within the
south end of the North basin and receivers #4 and 5 were within the Cotton Creek spawning area (Figure
6).

Telemetry data was analyzeddetail by Schwarz (2018b), with the goal of examining whether trends in
depth and site occupancy within and between years and spawning seasons affected assumptions of the
Mark-recapture analysis. Spawning behaviour was deemed to be occurring if deteatiomed < 4.5 m
between February 4 and 25. If the proportions of detections from an individual occurred during spawning
at < 4.5 m was more than 80% in a day, that individual was deemed to have spawned that day. Along with
summarizing detections accorditigthese study parameters, Schwarz (2018b) used paired t tests to

assess differences of means of occupancy to the two spawning sites within a spawning season. Fish were
not sexed during tagging, so seased differences in telemetry could not be analyzed.
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Figure 6. Receiver locations in Moyie Lake.
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2.2.3Testing for bias in capturemark-recapture data using Trammel nets

During the capture seasons from 2€1R.7, trammel nets were set in the general vicinity of angling
locations,concurrent with the angling brood capture program. Trammel nets were set to determine their
utility as an alternative capture method and independently assess any selectivity bias of the angling
method used. Trammel nets are ideal to use for the latigogiras they may be more indiscriminate for
selectivity due to the passive nature of sampling. The aggregated catch of all four years between trammel
nets (= 95) and anglingn= 1473) was compared statistically for g8&s (chi square), size bias in

males only (ttest; females caught in trammel nets had insufficient sample size for statistical analysis) and
inter-year recapture bias (chi square). Intesr capturesn(= 71) were eliminated from the dataset

because of the neindependent nature of tlgata, since trammel nets set in proximity to release locations
may have been more likely to intercept fish caught previously in the same sampling session by angling.
For statistical analysis of sex bias and size bias, fish of unknowm se47) were elirmated from the

dataset.

2.2 4Temperature evaluation
Four Onset Hobo Tidbit water temperature data loggers were deployed in Moyie Lake; three in the North
basin and one in the South basin (receivers #1,#5 and #7; Figure 6). The Tidbits were fastened to the
ropes that were used to tie off to shore for the deployment of the VR2W receivers. Spawn activity occurs
in shallow waters in Moyie Lake; to monitor temperatures in areas where eggs would be deposited three
of the four temperature loggers were placed at deptbm. The thermocline in Moyie Lake was
estimated to be at 15 m, so one Tidbit was placed below the thermocline in the North basin (Andrusak
1970). With observed peak spawn in Moyie Lake in-Féthruary, similar to what was observed in the
Kootenay Rier, spawn and incubation was defined as February 7 to April 16 (idaedy2016)

2.3 Results

2.3.1Analysis of mark-recapture data
The following is a summary of Schwarz6 (2018a) an
between 20022018. Ten percendf fish were recaptured more than once. As there are only a few
recaptures, estimates of survival, recapture, recruitment and abundance will have poor precision (large
standard errors). Furthermore, estimates of abundance are sensitive to heterogeneitybilitgatcha
therefore the small number of recaptures collected make it difficult to detect if heterogeneity exists and
difficult to know if estimates of abundance have serious bias. Heterogeneity would also be compromised
due to the study design as samplingyadcurredor two weeks each year meaning fish may not have
fully mixed throughout the lake within the sampling period.

The AIC showed strong support for one of the 32 J8tper captureecapture models that were run;

these models estimate the spawr(imgture) population sizeonsideringcatchability and recruitment for

each sex. All records of individuals of unknown sex were removed to remove bias as behaviour due to sex
may influence catchabilityThis topranked modeshowsyearly survival(0.83) aghe same for massand

females across all year@=igure7); catchability varies by sex and yd&igure8); and the pattern of

recruitment is the same for males and femdlbs. modelaveraged estimates of abundances for both

sexes (2400 for females andi0® for males) are seen in Fig@e
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Figure 7. Moyie Lake burbot model averaged estimates of survival. Estimates of survival are not
available for the last year of the study (Schwarz 2018a).
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Figure 8. Moyie Lake burbomodel averaged estimates of catchability. Note that estimates of catchability
are not available for the first year (2009) or last year (2018) of the years used in the remjsipingre
analysis (Schwarz 2018a).
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Figure 9. Moyie Lake burbot model averaged estimates of abundance. Note that estimates of abundance
are not available for the first year (2009) or last year (2018) of the years used in the remjsipingre

analysis (Schwarz 2018a).
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Carl Schwarz 2018also analysed the mean length, weightstaddardized weigt{tV) of the sexes

which were compared over time in Figdt@ There was evidence (p < .0001 for all variables) that the

mean weight/length/W differed among years but this was a secondaryaeffieotis not unexpected.

There was however a decline in mean body length, mean body mass, and mean Ws since 2014. The
estimated difference between females and males in the means is 46 (SE 3) mm for length; 340 (SE 22) g

for weight; and 323 (SE 23) for WE€male meai male mean).
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Figure 10. Moyie Lake burbot estimated mean weight, length, and standardized weight (Ws) by sex
and by year assuming that sampled fish are a random sample from the population (Schwarz 2018a).

2.3.2Analysis d Telemetry array data
In the 201617 season all nine receivers were downloaded and serviced at least once. All receivers were
in good working order and in the proper locations. The data was offloaded and stored in the Vemco Vue
database and all recens were removed in the fall of 2017 corresponding with the expiration of the tags.
To view the detection summary as well as detailed detection results see Stephenson and Evans 2018.

According to Schwarz (2018b), most fish appear to move throughout &sitislover the entire study

period (late 2013 to late 2017) however approximately 30% of the fish tagged in the North basin did not
move into the South basin over the course of three years. Furthermore, while there appears to be some
mixing occurring betwen both known spawning grounds in the North basin within the spawning season
(February 4 to 25.), the predominant trend was for fish to remain at one particular spawning ground. In
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