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Introduction

Sturgeon specieshowwide geographical distributiorendcan undertakenovementof
many hundreds of ilometers (kn) to feed or reprodue successfullyLong distance
movementanake sturgeonparticularly vulnerableto dams,dykes, flow diversions and
other largescale chargj® habitatghatsever habitat connectiviffFisheries and Oceans
Canada 2014)In Canada White Sturgeon(Acipensertransmontanus populationsare
found only in British Columbiaand representhe northern most extent ofishspecies
distribution (Scottand Crossman 1973; McPhail 2008Yhite Sturgeorare long-lived,
with a generation time @pproximatel\380-40yearsand a potential lifespan of greater than
100 yeargMcPhail 2008) Three of sixdistinct White Sturgen populationsn BC are at
imminent risk of extirpationincludingtwo in the Upper Fraser Watersh@€OSEWIC
2012)

Sampling programs fowhite Surgeon(henceforth: sturgeorijave been ongoingithin
the Upper Fraser watershathce19%. On first captureit is standard forll sturgeorto
betagged wittpassive integrate transpondags (PIT). Sturgeon in Upper Fraser programs
are also radio taggeudth uniquely coded transmitter&pplication ofuniquePIT and radio
tagsallow for anopportunity torecordthe movementsof individuals over darge and
complexgeographigangeandlong periods of timéhrough recaptures and radio tracking
(Figures 1 and2). The speciesongevity allows usto monitor individualsturgeonover
decades and therefore reca@md asses movement patternsSince1995, a considerable
amount of capturéocation life-history and movement data has beemassedn various
populationstudiesand radio telemetrgurveysof White Sturgeon in the Fraser River
watershednd elsewher@-igure 2) Three eviews of datacollected orUpper Frasewhite
Sturgeorhaveoccurredover the lastwenty-five year§RL&L Environmental Services Ltd
2000; Sykes 2008; Courtier 2016fmwever, he most spatially comprehensive
investigationwas completedby RL&L EnvironmentalServices morethan 25 years ago
At the conclusion of this-year studyRL&L proposed the confluence of the Nechako at
Prince George as putative boundaryfor three populations(Figure 2). The authors
developedhis model basedn geographymovements and genetic evidenthe analysis
indicatedthat there was uncertainty species/populatiohoundarieslue toalow number

of capturesand limited power of the genetic analysis floe area downstream of Prince
George to the Cottonwood River.

Recentdata review focused on the Nechako population ori§ykes 2008; Courtier
2010b) Within theUpper Fraser watershesturgeon appear to have high fidelity to the
population area associated with their capture wrigowever it has beemotedthatsome
Upper FraseWhite Sturgeondo move distancesf hundreds of kilometerbetween
various haitats potentially for spawning and rearif§myth et al. 2016)Smyth et al.
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acknowledged that thereene unpublishedProvincial Governmentlata thatshoweda
numberof sturgeormoved between adjacent population areadifg to the idea that there
wassome levetohabitatiorfor the Middle Fraser and Upper Frapepulationsn the area
downstream of the Prince Geor@ever kilometer(rkm) 798) to theconfluenceof the
Cottonwoodand FraseRivers near QuesnéBC (rkm 674). However the present studg
the first effort since RL&L 2000 toeview the entire dataset fanovements of White
Sturgeorbetween populations areas sinteenty years omonitoringof White Sturgeon
within the Upper Frasdnas taken place sincendthesedata lave not yet been used to
validate the recommended population boundaries

The primary objective ofhis work is to explorethe movements of radio and PIT tagged
White Sturgeon that have cros®d population boundaries identifiedn RL&L
Environmental Services(2000 and Smyth et al(2016) at least oncesince 1995 A
secondary objectivef this studyis to highlight current data gapand opportunitiesor
further studiesaimed toimprove understanding of lifaistory patternspetter define
critical habitatsand inter-population mixing of Upper FraserWhite Sturgeon This
information would be usetie to develop projects that lead to more precision in the
definition of locations anthe functionof importanthabitatsfor various life stage®r use
in populationmanagemerandalso therecoveryof listed populations
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the Nechako River and river kilometer 798 on the Fraser River occur at approximately the
same location.

Purpose and Objectives

This reportintended tasummarize existing informationp to June 201@ndto provide
recommendations fduture analysesrdurtherstudy.

Theobjectivesof this reportare to:

1. Collate theavailable capture, lifistory and radio telemetry dataononedataset
namelytheNechakdWhite SturgeoRecovery Initiative {\WSRI) sturgeordata base.

2. Tabulate and summarizapparehfi o u tareabdr interNSP movements fokVhite
Sturgeorcaught in each of thrggopulations

3. Review the associated biological dateluding basic lifehistory data for eacfish.

4. Presentgualitative patterns of movement observed and make recommenddto
future studies to better understand the context of these movements.

Materials and Methods

Study Area

The present studgncompasseshé¢ Upper Fraser watershedorth of Boston Bar,BC
upstream offFraser Riverkm 220 and includes the NechaRiver and Stuart River
watersheds (Figure 1). Whiturgeonwithin the studyareaoccupy mainsterhabitatof
largerivers and lakesin the Nechako Watershet@ihreegenetically distincpopulatiors of
White Sturgeorare presernthe Upper Frasevatershedincluding Middle Fraser, Nechako
and Upper Frasgropulatiors. No migration barriers limit movememf White Surgeon
and most othefish species within the study area; indesik species ofinadromous
salmonids ©ncorhynchussp) and Bull Trout (Salvelinus cofluentug (McPhail 2008)
migrate annuallyupstream and downstream tife known range of White Sturgeon
(McPhail 2008) The range of th#liddle-Fraser poplation includs the mainstenfraser
Riverupstreanof rkm 220nearBoston Bay BCto Prince GeorgeBC at rkm 798 RL&L
Environmental Services Ltd 2000)he range of the Upper Fras#@hite Sturgeomncludes
the Fraser River from the confluence of NechakoRiver, upsteam to the community of
McBride as well as thdower reaches of the Bowron amdcGregor Rivers (Lheidli

T 6 e n n e hTheupsreantimit is not clearly defined,andknowledgemay largely be
constrainedy sampling efforin this remote section of the Fragtiver. The range othe
Nechako sturgeompopulationincludes mainstem and large lake habitat Nechako
watershedincludingthe Nechakdriver toat leas20 km upstream of Fort Frasérrkm
220), Fraser Lake, the StudRiver past rkm 110nearthe outlet of Stuart Lake as well as
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Stuart Lake toTakla Lakeincluding Trembleur Lake Tachie Rivey Middle River and
Takla Lake (Smyth et al.2016).

In August 2006fwo Nationally SignificantPopulations (NSP)f White Sturgeorin the

Fraser River watershed, Nechakodé and O&6Upper Fraserd were
C a n a 8pedes at Risk ACBARA) (Fisheries and Oceans i@ala 2014)The Nechako

population was recommended for listing due to ongoing recruitment failure lasting more

than four decades and the Upper Fraser due to a limited stocklisi2812, the Upper

Fraser, Nechako and mktaser populations were reassedsg COSEWIC and combined

i nto one fAdesi.gheBUhabbeen theisubjett of a (hddrgReabvery

Potential AssessmeriSmyth et al. 2016)and a listing decision for the DU is under
regulatoryconsideration

A precise location for putative stobkundaries has not previously been defined. To better
delineate the previous stobkundariesywe used a critical habitat unit at the confluence of
the Nechako and Fraser Rivers to define population .areds2 km portion of the lower
Nechako Riveis seasonallypart of a singlecritical habitatfor areaWhite Sturgeorthat
includesrearing, feding and possibly reproductiofr-isheries and Oceans Canada 2014)
Therefore, taavoid arbitrarily bisecting a habitahil based on river namencountersn

the Nechako Rivebetween rkm 0 in the Nechakip to the radio telemetry bastation at
rkm 2.5 kmwere includedin the Upper Frasepopulation area for thdata analysis.
Encounters upstream of that location were considered Ne¢hdk&) encountersAny
encounters upstream of rkm 798 on the Frasgealsodesignated Uppdfraser(UFPA),
andfinally, encounters downstreanf rkm 798 on the Frasewere considered/iddle
FraseMFPA).
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Figure2. Overview map oftudy areavith relevaniandmarksandapproximateiver kilometers
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Data Collection and Review

Captures

Annual tagging and radio telemetry projects betw&885 and une 2019 focused on White
Sturgeonwere completedn the Fraser River Watershe@apture workin the study area has
included indextype population surveys (e.¢RL&L Environmental Services Ltd 200®rood
capturefor conservation fish cultur@ourtier 2010h)andfocusedndex samplingo monitor wild
recruitment and survivadf sturgeon releasdrom a conservation fish cultunerogram(Beardsall
2017). Brood capture effortbegan in fall 200%Golder 2006)and were more inteng starting in
2014 with the construan of a conservation hatchan/Vanderhoof

Setlines and angling have beéme primary methodssel for captures inJpper Fraser studies
Juvenile index efforts fronR006-2009 of the Nechako White Sturgeon Recovdnjtiative
(NWSRI) alsoincluded gillnetting, however, gillnets were found to have limited capture success,
were potentially lethal to a protected species and their use was later abaf@iauntiér 2010a)
Standardized capture and handling procedures are used and indluaggihg of all new captures
e.g.(Couttier 2010b) PIT tags, once implandein juvenile and adult sturgepare a very reliable
mark and appear to have a negligible lossoate applied

Captureeffort amongprojectsis difficult to compae due todifferent projectobjectives andhe
diversephysiography otapturelocationsand wasthereforenot analyzedin this study Among
projects hook sizesrangednumber 2 to 16/0Within projects, hook sizéargetedspecific life-
stagestypically eitherjuveniles or adults For the presentstudy, juvenile White Sturgeon have
been defied as those underOin fork-length, sukaduls 1.01.4m fork-length Specific length
based benchmarks for staging of White Sturgadhis studywere estimated from data collected
from the Upper Fraser DOable8).

Radio Taggingand Telemetry

Radio tags have been applied to monitor habitatamske movements of White Sturgeon at a
population and individual level. Radio tags were applied externally to dorsal scutes by RL&L
between 1995 and 1999, however tag losstle result of scute breakage was observed,;
consequently, all radio tags since 20t#re been surgically implanted ventrally using methods
adapted from GoldgiGolder 2006)Radio telemetrngsurveyshave beemonductedisingvarious
mobile approachess well as fixedstation receiversHigure 2). Mobile surveysvere completed
usingfixed-wing aircraft, helicopters, boats and walkswyveys for transpor§ince RL&L 2000
virtually all radio tags used have begrious models dfighfrequency coded tags made by Lotek
Inc along with a small number obigma8 Inc. tags. Nominal tag life has ranged from
approximatelyoneyear to up teeightyearswith a pulseinterval typically betweefive andfive

and onehalf secondsSince 2011, the majority radio tags applied to adhdiee had a nominal life

6
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of 7-8 years.Mobile tracking was completed withotek Inc SRX40Q SRX600 andSRX800
receivers of various configurationsuallywith a 24 elementyagi antennaFixed stationsites

have used.otek Inc and Sigm#& Inc.receivers \th either two or threenulti-element directional
antennaeespectivelyto monitor movemerstbothup and downstream in mainstéocationsand
tributaryconfluencesThree stations are operated continuously (Lower Nechako, Upper Stuart and
Vanderhoof. Theemaining stations are operated seasonally during open water when sturgeon are
typically (Tablel).

Tablel. List of fixed telemetrypasestatiorsemployed in the Nechako and Upper Fraser watershed
to montor White Sturgeon movemerftem 19952019

D © N~ ® O O d N M T WO N~DHDO A N®MFT OO N DO O
on Desarit . fggggeEgozsEesaddaa8a5228
Station Description River km 333 3 3880 W W NCUQAJJdJdUNNQC QS A

Nechako Fraser ConfluenceNechako 0.1

Nechako Fraser Confluenc Nechako/

(Cottonwood) Fraser 0.2 /79¢

Spruce City Wildlife

Association Hatchery Nechako 2.5
Stuart

Stuart Nechako ConfluencéNechako 91.7/0

110 Overwintering Nechako 111
116 Overwintering Nechako 116
125 Overwintering Nechako 125
134.5 Staging Nechako 134.5

Vanderhoof Spawning AreaNechako 136.1
Nautley River Confluence Nechako 191.7

Upper Stuart Stuart 104.9
Stone Creek Confluence Fraser 761
Bowron conflunce Fraser 921

Station: Continuous annual operation
Station: Continuous seasonal operation
Station: Historical - no longer in operation

Mobile survey data are collected by crew of two to three people, a driver and at least one data
recorderTwo personamonitortherelative volume othe taglD and the vehicle (hormal a boat or
aircraft) is re-positioned until a maximum signal is obtainedd the tag frequency, code,
geographic positiofUTM) and other physiographic data are then recorded. The process to obtain
and verify a manuallyrackedtag is iterative and the potential for erroneousdatections is low

and discrimination of tag ced is considered precise. Fixed station recdoeated at specific

sites Figure2) and are typically downloaded monthiging a test tag tioperd andficlosed adata

log file. The receiver acts as a data logger that digitatgrdgag signals as #dyare discriminated
inrealtmeby t he receiver 6s pr oc menstypically have egh levels e a r
of radio noise whiclsubstantiallyncreasethe number of false positive codes that are recorded by

a station. In some casebere can be hundreds of thousandfatse positive codesecordedper
monthwith error rate depndenton local radio activity andhe gain setting of aeceiver False
positives codesre relatively simple to identify as thégvea discontinuous record versus actual
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fish which show a continuous and consistent record ogpgtime-interval. Theefore, asemi
automated quality assurance process was undertake@mtuve thisnoise. First, dta log files
crossed referenceadith known tagswere used to filtecodes that were never deployédext,
depending omeceivertype and location, a standard sefilbééring rulesunique to the radio noise
for each stationvere then appdid to the data files for each sitefilter out singular false positive
codes events from serial code events that represented actual tag¢e®iMigeonkor each site
these uleswere manually crosgeferencedisingtest data sets arksthown test tagso ensurethat
specific queries did nofilter radio codesfrom taggedsturgeon.To reduce the number of
individuals detections recorded in th®MRSIDB, detections at each base station were aggregated
by a minimum of one hour where any breaks in continoitindividual code detections of less
than one hour were considered continudlsnsequentlybreaks in detection of up to one hour
were removd and the fish was considered present for the embue

Table2. Forklength raage (cm), maturitgodes for mature sturgedotal observations and number
of unique individuals observed for Whisturgeonin theNechako River since 1995.

Fork-length Range (cm) Maturity Codes Total Observations Unique Individuals

Females 146-268 14-17 n=162 n=83
Males 98-258 4-5 n=271 n=135

Nechako White Sturgeon DatabaseNWSRI-DB)

Capture and raditelemetry @ta for the Nechako and Upper Fraser NSP have leeendedand
stored in the Nechako White Sturgeon Recovery Initiative Datab@$®/SRIDB) since
approximately2009 (Nechako White Sturgeon Recovery Initiative DatapaSke NWSRIDB
wasconstructed in Microsoft Accedsllowing a hierarchicalcascading relationshipmongfour
datatables 1) Water body andollection agency 2) Cagure location andgamplingeffort; 3)
Biological and tagand tagging informatigrd) radio telemetry detectis and locationsV/ersion
oneof theNWSRIDB included fhistoric dataes from surveys completed by RL&L Environmental
Services(2000) along with White Sturgeorprojects thatwere completed betwee20062009.
Since 2009annualproject data for the Upper Fraser and Nechako populations havadeestho
the NWSRIDB. Since 2019 partial capture and radio telemetry data from the Middle Fraser
populdion monitoringwasincorporategdhowevey completesampling effort information foadult
sturgeon projectwas notyetprovidedby the time this report was writte@apture and biotelemetry
data for Upper Fraser DU White Sturgeon has been collected@ed $br more tha25 years
Throughout this periodmprovedstandardgor sampling data collectionand quality assurance
have beemmplemented.

To detect and address potential past inconsistencies in codifidatioattingor entry, adetailed
guality assurancstepwas undertakeprior to completing finabatabaseueriesfor analy®s in

8
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the present study. This includedoss chedkg key data fieldslocaing errors and missing values
Where possible, missing values and errors were corrdtegdields from the NWSRIDB for this
analysisincluded tagsFKIT, Floy and radi9, geographical informatiofrkm, UTM, waterbody
and biological information (forkength, sexual maturity)Sexual maturity was coded usirg
systemadaptedrom Conte et al(1988)by RL& L (2000) Data collected before and after 2009
useddifferentapproaches to derive rkidata collected prior to 2009 rkm were assigned rkm that
were derivedmanually using a mawheel and papelTS maps This rkm systen is relatively
inaccuratevith estimated errgplus/minusup toseveral hundred metef@ata collected afte2008
were assignedtandardizedkm using GlSinterpolatedkm positionand are considereatcurate
Forthe presenstudy, the relative precisiaf both coordinate sets was not considenglistantial
enough to affect the anaig, particularly at population boundarigsusboth rkmwere combined
into one data field

Data Analyses

Database weries weredeveloped within the NWSHRDB database tdabulate1l) the number of
White Surgeon captured 2) the numberWhite Surgeon tagged with PIT tags andr8)mber
unique sturgeon implanted witladio tags.Using the putative population modeévelopedby

RL&L (2000) and modified to incorporate the Nechako Fraser confluence critical habitat area
White Sturgeortapturesnd radio telemetry observations wassigned to one of three population
areas Upper Frasepopulaton aredUFPA), Middle Frasepopulation ara(MFPA) and Nechako
population are@NPA). First, individual White Sturgeon movements across populations zones were
determined usingraMS Excelpivot table query of theapture and radio telemetry da¥Vhite
sturgeon that were captured or observed watthio telemetry in two or more populations areas
were tabulated. Second, any sturgeon that were recorded progressing past the fixed station at rkm
2.5 on the Nechako were also included in in the summary.

Thousads ofindividual radio telemetry encounteaserecorded at fixed telemetry base stations
that have been in continuous operation near the margins of the population range or at key tributary
confluencesFixed based station arrays were notialplementedin the same years with new
stations having éen added through tinas the recovery progradevelopedTablel). Sampling
intensity at the fixed stations is continuous either on a sealsasialfor remote station al year
where reliable 110V power is alalble. Mobile telemetry is discontinuouseasonally and
interannuallyand was collected for project specific objectives. Thereforta, alathe margins of

the rangeor in key sturgeon habitats (e.g. spawning aisajumped relative to théispersediata
collectedin mobile surveysTo account fothis, maximum and minimum rkm encounters for each
fish were tabulated rather than mappe@ccount for the higher sampling intensity at these gates
For individualWhite Sturgeorthat were observed crossing ptgdtions zones, various statistics
including the btal number of captures, visits to spawning reach at Vanderhoof BC (rkm 136), sex,
maturity status for each captuend forklengthwere tabulated by zone and by {§&ge Records

for individual White Sturgeon that were cluded inthe NWSRIDB as June of 201%nd has

9
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recapture recordaere used for this analysis. Telemetry records from June- ZDd4®© 2020 for
individual sturgeon that were found to have moved across population boundaries before June 2019
were included in this repbiTo explore the potential effect of sampling intensity on the frequency

of observations the frequency of movements was compared with the number of radio tags present
in radio tagged White Sturgeon the mowedween populatioareas Last, to explore theeasonal

timing and potential reasons for movemetite,numberadio tag hits for both sturgeon that moved
between areas and those that were not observed were tabulatedviogetvvmtervals and plotted

on a common day and mibnaxis for the entire studyeriod.

We recognize thatrgling guide tag databtained in the.illooet area wereiot usedn this report
or analysesAt time of this study, the authors hame evidenceof movement of fishagged in
Lillooet northto within the area subject of thisport.

Results

White SturgeonPIT Tagging

A total of 2,203 PIT tags were applied wild origin White Sturgeon in thentire UFDU since
1995(Figure3). In the MFPAa total of1,200PIT tagswereapplied with 705tagsapplied between
19951999 and 495 appliesince200Q In the NPA, a total 0625 PIT tagswvere applied,with
approximately27 new PIT tags appliedo White Sturgeoreach year. The feweBiT tagswere
applied (n=378) inthe UFPA, whereapproximatelyl6 tagswvereapplied annually. Tagginig the
UFPA wasfocused in three time periad9982002, 20072008 and 208-2019 with 126 tags
appliedin 2018 and 203.

10
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White Sturgeon fothe Upper Fraser DBom 1995 to 2019Population areas were assigned based
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Captures

There were3308 total capturesand recapturesf PIT taggedWhite Sturgeon from19952019
(Figure4,

Table 3). NPA had the highestumber andoroportion of recaptures£590; 49%) followed by
MFPA (n=358, 23%) andJFPA (n, = 157,29%) respectively

Table3.)

Table3. Population of mature fish (N>160 cm), population of fish (N > 50 cmijptal number
of captures (§, number of individuals PIT taggedsjnnumber ofecaptures (r), and mean
number of captures per sturgeon showing 1 standard deviation and thémamgaim and
maximum)of observed captures psiurgeorthat were caughtom 19%-2019.

Nm N Ne Npir Nrc mean + 1 SD Range
Middle Fraser 749 3700 1558 1204 358 1.3+£0.71 1-8
Nechako 243630 243630 1215 638 590 1.9+1.67 1-12
Upper Fraser 185 685 385 157 1.4+£0.82 1-6
Total 11771564 46284973 3308 2227 1081 15+1.16 1-12

Radio Tagging and Telemetry

A total of 359 radidagswereapplied to UBPU White Sturgeorsince 1995Figure4). Of these,
342 radio tagsvereapplied to adults and subadult stungemdan additionall7 applied to juvenile
sturgeonTheNPA has had thmosttags appliedn=208)followed bythe MFPA (n=126) andthe

UFPA (n=24).The number ofadio tagappliedeach year has beenorevariable through time
compared with PIT tagginm all threeareas There were 59 radio tags applied in tM&PA

between 198-1999and 67from 200/-2019 Radio tags were applied more frequergharting in

2006 for the NPA andthe UFPA respectivelyEight radiotags were applgto juvenilesin the

NPA, eightin theMFPA andone in theUFPA.

Recently applied tags will remain active beyond the dataffutate (June 2019) for this report,

and tags are continuously being add and monitored by several pro@amilsurly, telemetry data

is being collected continuously and will add data for subsequent analyses. For the most recent status
and data, please contdabe NWSRI.

12
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Figure4. Total numbeof newradiotagsthat wereappliedeach arto wild origin White Sturgeon
in the Upper Fraser DU areecludingabreakdowrby Zonefor each of the three populatiofiem
1995 to 2019Populdion areas were assigned based on area of capture for each encounter.

White Sturgeon Movements19952019

Movements ofagged White Sturgeon across all thaeeasvere confirmedTable4,

13



Movements ofWhite Sturgeon in the Upper Fraser Watershed

Table 5) and hese movements differed by sex and by-difgge Table 6). The number of
movemens between areahat weredetected increased with the duration ost&igure6).

Thirty-nine individual White Sturgeon are found to have crossed the putative population area
boundaries near Prince Georgbetween 1995 and 2018ive years of monitoring by RL&L
detectedhreemovemens, six more movements were detected from 2@005,andthe remaining

140 movements were detted from 200&2019(Table6). Movements occurred almost exclusively
during the springall months and occurred with similar timing and relative magnitude as fish that
were present nexp the stations but had not been recordediing between population areas
(Figure5). The highest number of detectsoof fish that moved were observed at the Vanderhoof
station in association with spawning and tbpper StuartStation hadthe lowest numberof
detection of ish that moved.

White Sturgeon tagged in tidPA and UFPA showed the highest number of movenemsrisss
zones(n=27) followed by NPA-MFPA (n=9) and MPPA- UFPA (n=1). The category with the
highestnumbemovementsavas NPAUFPA where5.0 % of adults and Z % of all fish that were
tagged fish mosd betweenareas The lowest proportion of movements was betwdéRA and
MFPA where 0.3% of the adults and 0626 of the totahumberof tagged fish moved.

The number of mvements across area boundaries différetveen population areas aahong
sex of individuals(Table 5, Table 6). Fifteen females, sixteen males and eight sturgeon of
undetermined sewere observed moving between population zoMese femalesvere observed
moving between the NechaKo=12) and Upper Frasen=3) than between the Nechako and
Middle FraserThere were a similar number of makbst moved between the Nechako and the
two other population areg3able5). Two males werealsoobserved moving betweall three
population areasightjuvenilefish of undetermined segshowedmovanentbetween twases of
areas with seven of the eighbaving moved between the Nechako and Upper Fraser the
remaining two betweend¢hako and Middle Fraser

Movements differed among |fstags where adults made multiple avements(mean 4.8
movementspetween population aredsimes more frequently compared with juveniles (mean 1.2
movements)despite similar average periods of alvsgion of about 5 year per fisiigble6). Time

from capture to the first observed movement for juveniles was 8.9 years versus 4.5 years for adults.
Adult movements wermod oftenmadein association with spawnin@able6, Table8). Mode of
detection differed among life stages whedellasturgeon movements were most often detected
through telemetrafter the first capture. Wheretd®morelimited number of juvenile wvements

that were observedere detected through captures after juveniles moved from the Upper Fraser
near Prince George to the Nechakbe two radio tags placed in previously PIT tagged juvenile
individuals were plaed as a result of the observationtttreey moved to the Nechako. Juveniles
were captured two times more frequently (mean 4.4 captures per fish) than adults (mean 2.2
captures per fish)The two radio tags placed in previously PIT taggacknile individuds were

placed as a result of the @pgation that they moved to the Nechakavehilesthat made a net
movement to the Nechako and appeared resident, whereas adulesl dheguentmovements

14
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between what may be feeding areas or areas of residency wittlipenovement to the spawning
reachin Vanderhoof, BCTable6). Considering the differing modes of detectioaution should

be made in the interpretation of potential motivation for movement betweamnlgsvandadults

and further study is needed where more juveniles should be radio tagged to increase sample size
and frequency of detections.

Table4. Movementzonesfor all White Sturgeonn the Upper Fraser DU that were obserired
two o more of the three putative population ardsach column presemthe sum of individuals
from 19952019. n designateshe number of fish @it movedfor each categoriesr showsthe
combined number of individusPIT tagged na shows the total number aflultsPIT taggedrom,
and%Totalshows the percentagé sturgeorthat movedetweercategoryrelative to the number
of fish PIT tagged in eaatategoryas well asfor those thawere larger than-in (% Adults).

Movement Categories n nr %T otal n, % Adults
Nechako z Upper Frase?27 * 1003 2.69 537 5.03

Nechako 2 Middle Fras®@r 1825 0.49 1161 0.78

Mid Fraser Z Upper Frdser 1578 0.06 772 0.13

Nechako zMiddle Fraser2 z Upp@R208 Fr as008 1235 0.16

Total 39

* Four of these individuals also entered the Stuart River
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Table5. Caegorized nmbers of individual females, males and sturgeon of undeterminelatex
moved between populati@neas

Movement Categories by Sex n

Total Females 15
Nechako Upper Fraslgr *
Nechako Middl e Fral3er

Ny Nh

Total Males 16
Nechako Upper Fras&r *
Nechako z Middle Fra6Ger
Nechako zZzMiddle Fras2r 2z U

Total Unknown 8
Nechako zZ Upper Fras®er *
Mid Fraser Z2 Upper FXaser

Total All Sturgeon 39

N-

* One male, two females and a fish of unknown sex also entered the Stuart
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Table6. Summary of individual White Sturgedniological history ananovements across populations areas fronb288 9.Bold text with an underline indicatescapture evenstandardextindicates a telemetmybservation.
Light grey cellsndicatethe period ofradio telemetryobservationgor an active tagRed boxes indicatinat a fish was captured as a matspawner anar that spawning waassumedased on subsequent movement and
residency in the spawrgrireach at Vanderhoof. Bracke®hdte mature spawners were detected or observed. Brown boxes indicate inferred spawning based on timing and resisieaeyingeach when other observation
of spawning occurred. Last, blue boxes indieatapture ofa juvenile sturgeon <-in in length.

# Years # Years
#Years # tofirst Cap to
PIT TAG Sex 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 #Cap Obs Move Move last Obs
Adult Sturgeon
Females-N-UF
50201F5930  F UF N N-UF N-UF-N N-UF UF-N UF ur-N B ~-ur N-UF 4 11 15 9 19
7FIDT7302F  F N NSN N UF UF UF N N UF  UF-N-UF N-UF & 11 9 3 23
41250F5929  F N N-UF-N UF UF N-UF i ~ UF-N UF UF 4 10 11 8 18
424D3D5403  F UF N UF N-UF  N-UF 3 6 8 11 18
4529141153  F N N-UF N UF UF-N [N 3 6 6 1 12
422D6C5513 F N UF  UF-N-UF UF 2 4 3 8 12
6C00073005  F UF vr-N 2 3 1 1 2
AAOCASBASE  F N N-UF-N N 3 3 3 10 1
4BOA17720D F [ (N)-8-N | UF N-§ 1 3 5 1 5
6C00072612 F [ )-UF | 1 1 1 1 0
6000072616 F [ (N)-UF | 1 1 1 1 0
Females-N-MF
4124680C7TA  F el N MF [T | MF MF 2 6 3 18
1447137374 F MF | MF-(N)-MF | MF MF 2 4 2 1 7
4AOCIFSE35  F N MF 2 2 1 8 8
Males-N-UF
22236F2051 M N N N N UF - UF UF 6 8 3 12 20
422E4E027TA M N N-5-N N-S-N-UF 5 N 2 7 8 4 11
7FTB031824 M N N UF UF UF UF 3 7 3 10 22
6C00072615 M UF vr A ur 2 6 5 17 5
412479017D M MF [ (-UF | MF 2 5 6 13 6
4ADDIA4862 M [ N N UF UF 2 5 3 5 10
S01F7A3051 M UF N N L N 5 5 1 1 19
424D493156 M UE-N UF-N-UF UF 1 3 3 0 4
6000072532 M [ -UF | 1 1 1 0 0
Males-N-MF
401D52192D M _% N  (N)-MF ™ | UI-' UF [ N-MF | 2 8 9 0 9
4BO02E1006 M N-MF-N N-MF-N N-MF-N N-MF 2 6 9 1 7
41250F0A39 M N MF-N _____ N 2 6 8 2 17
4B18396613 M [ (-UF | UF-N 1 6 9 0 6
6C00072540 M N N-MF MF MF 2 4 1 1 5
4AOD3F302F M N UF 2 3 3 8 2
Unknown Sex
4230054334 Unk UF N UF N 1 4 3 2 4
5028364E1D Unk UF e s ur 2 4 6 0 1
422E6C0733  Unk UF N-UF UF 1 3 2 2 4
Mean Adlt 2.3 50 4.8 4.5 9.3
Juvenile Sturgeon
SO0IF6E292A  F 'UF UE UF N 3 4 1 17 17
50283B6C65 M 'UF UE UF RN N N N N N N N 10 11 1 8 20
501F701824  Unk UF UF ___ N N N 6 6 1 10 18
5020160D6E  Unk | UF UF-N  UE-N 5 6 3 9 10
424F201F7F  Unk - ' N N N 3 4 1 4 8
424D7F6CIE  Unk [ N | 2 2 1 9 9
6C00073031  Unk - - 2 2 1 5 5

Mean Juv 4.4 5.5 1.2 8.9 12.4

BOLD Capture event Confirmed mature or ripe sturgeon in spawning area Encounters in the Stuart River
Period of telemetry records Suspected spawning based on timing, location and duration of presence on Vanderhoof base station - Capture as juvenile sturgeon < 1-m
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Movements ofVhite Sturgeon in the Upper Fraser Watershed

Figure6. Summary of movementsetween population areasd active radio tags from 192919.
Active radio tags is a count of active radio tags each year in fish that moved between population
areas at some point during the course of this study.
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Table 7. Individual PIT tag number, sex and minimum and maximuer kilometer (rkm)
encountergor White Sturgeon that moved betwemoved between populati@ones Maximum
and minimum rkm are listed for the Fraser. Nechako and Stuart iexdpper Fraser population
boundary is located at rkm 7@8 the Fraser Rer and rkm 2.5 on the Nechako RiverPaince
George, BC.

Pit Tag Sex Fraser River Nechako River Stuart River
min max min max min  max
rkm rkm rkm rkm rkm  rkm

144713737A F 533.0 550.0 136.1 136.1
4A0C2F5E35 F 617.9 678.7 91.9 1364
4124680C7A F 655.6 774.3 474 134.1
50201F5930 F 795.0 797.9 04 136.1
4529141153 F 796.7 956.8 0.5 136.1
422D6C5513 F 796.7 812.9 0.6 136.1
6C00073005 F 796.7 957.2 0.6 136.1
7F7D7730F F 796.8 9525 0.1 1235 50.2 50.2
41250F5929 F 796.8 886.2 0.6 136.1
424D3D5403 F 801.6 896.8 0.5 136.1
501F6E292A F 834.0 835.0 1344 1344
412479017D M 550.0 7035 25 136.8
6C00072540 M 554.6 797.4 91.7 1223
4A0D3F302F M 677.1 949.7 125.1 125.1
4B18396613 M 678.0 689.0 0.6 136.9
4B002E1006 M 738.0 7714 25 136.1
41250F0A39 M 7649 767.5 0.4 138.3
401D52192D M 769.3 7974 04 191.7
424D493156 M 791.7 916.7 0.7 91.7
4A0D1A4862 M 796.6 933.3 0.6 1295
22236F2C51 M 796.8 955.1 0.6 126.0
6C00072615 M 803.4 827.4 0.6 137.1
50283B6C65 M 825.8 834.0 110.2 136.1
7F7B031824 M 835.3 956.7 91.7 177.4
422E4EQ027A M 848.1 933.2 25 138.9 58.9 104.9
501F7A3051 M - - 0.5 1375
6C00073031 Unk 550.0 808.1

5020160D6E  Unk 795.8 9355 0.4 136.1
422E6C0733 Unk 796.8 896.6 0.2 91.7
424F201F7F  Unk 813.3 813.3 91.7 1225
501F701824  Unk 826.8 835.3 111.9 136.1
423C054334 Unk 834.2 834.2 25 1283
5028364E1D Unk 835.3 835.3 25 1395 104.9 104.9
424D7F6C3E  Unk 954.7 954.7 132.6 1326
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All captures and radio telemetry observations, maturity status andefagih are plotted by rkm
andencountedate and are summarized for eauatiividual fish in Appendix A.

The mean number of captures for White Sturgeon that crossed zones wds83 éiige 110)

and the mean number of visper fishto the Vanderhoof spawning readbring the spawning

period in May and June was 1.988 (range 17 visits) (Table8). Twentysix of the 35 White
Sturgeon that moved between zones were present in the Vanderhoof spawning reach at spawning
time between 1 and 7 times. Out of 42 captures in the NPA wheresassnts of maturity were

made, 26 were of malesd females in an advanced state of maturity within one year of spawning.

Detailed movement analyses of all 35 individuals identified to have crossed a zone are presented
in Appendix | of this report. Belows one example to demonstrate the utility & #malyses.

Figure 7.An example of mvement historyf one of 35 individuad (PIT 6C0007254) Detailed
movement®f all 35 individualsare presented iAppendixI of this report.
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Table8. Summary of capture and movement history3@mdividual Upper Fraser White Sturgeon
that moved between population zongamber of captures, number of visits to the spawning reach
in the Nechako River (~rkm 136), sematurity, encouners by stage angeneralandmarks for the
extent of movements are listed. Maturdgde for eachndividual is listedby populationzone
Encounters are listefdr eachlife stage. Sex-maturity codes fosturgeon that were captured in a
late stageof maurationwithin one year of spawningre bolded for presentatio@ells in blue
indicate juvenile sturgeon <rh).

22



Movements ofWhite Sturgeon in the Upper Fraser Watershed

Maturity Code Populations Areas by Stage
PIT Tag #of  #Visitstoe  Sex | Nechake Upper Mid | Juvenile Sub-  Sub-Adult  Adult All Stage Locations of Resi Resi
Captures  Nechako Fraser Fraser| <l1-m Adult Female F >L4-m rkm
Spawn Reach Unknown (1-1.4m) M =L0-m
1447137374 % 2 1 F 14 - - - N MF N MF WL Williams Lake 552
4124680CTA 2 1 F |14 15 - - - N MF N MF CW  Cottonwood 650
Canyon
41250F 5929 4 3 F 15 15 - - - N UF N UF UF  MeGregor BE6
422D6C5513 2 2 F 17 13 - - - N UF N UF UF  Bowron 921
424D3D 5403 3 1 F 13 15 - - - N UF N UF UF  McGregor 900
4520141153 3 4 F 12 12 11 - - - NUF N UF UF  MeGregor- B0-952
Longworth
4ADCIFSE3S 2 o F 15 - - - N MF N MF CW  Cottonwood 679
Canyon
SO1F6EZ92A 3 1 F 12 - N - N UF SW  Vanderhoof, 832-834
- Willow River
S0201F5930 4 2 F 11 13 15 - - - NUF N UF PG Prince George T98
GCODOTI005 2 2 F 15 - - - N UF N UF UF  Longworth 957
TFTDTT302F 6 o F 13 3 - SN UF UF N UF SNUF SWUF Willow and B35 & 952
Longworth
AADCAB6ASB 3 2 Foo[12,13,14 N UF NUF PG Prince George 798
4BOA17720D 1 3 F |15 SN UF SN UF PG Prince George 798
22236F2C51 6 3 M |2 3 3 - - - N UF N UF UF  Longworth 952
401D352192D 2 6 M (5 5 - - - N MF N MF SC  Stone Creek 761
412479017D 2 3 M |5 2 - - - N MF N MF CW WL Cottonwood & 680, 550
‘Williams Lake
Creek
41250F0DA3S 2 4 M |4 5 - - - N MF N MF SC  Stone Creek 680
427EAE027A 2 5 M [2 5 N N - SN UF SN UF N, 8, UF Nechako: Stuart; 110: 104; 933
Bowron
424D493156 1 o M 2 - - - N UF MF N UF MF UF  Bowron 921
4A0D1A4862 2 1 M |4 5 - - - N UF N UF UF  McGregor 900
4A0D3F302F 2 o M |2 - - - N UF MF N UF MF CWUF Cottonwood 673 952
Canvon &
Longworth
4B00ZE1 NG 2 3 M |4 - - - N MF N MF SC  Stone Creek 761
4B18396613 1 4 M |5 - - - N MF N MF BW  Blackwater River 684
SOIFTA3051 5 7 M (3 2 5 3 - - - NUF N UF PG Prince George 30
S0283B6CAS 10 o M (4 4 - - NUF N UF SW: N Salmon-Willow  5-834; 110-1
- then Nechako
GCO00T2540 2 o M |3 3 - - - N MF N MF WL RR Williams Lake: 552-T6l
Redrock
6CO0072615 2 3 M [5 5 N N - N UF N UF SW  Salmon River 832-836
TFTB031824 3 2 M |2 4 2 - - - N UF N UF UF  Melregor- 8B7-956
Longworth
422E6CO733 1 1 Unk - - - N UF N UF UF  Mcgregor 900
4230054334 1 1 Unk - - - N UF N UF SW  Salmon River 832
424D7F6CIE 2 1 Unk N - N UF UF  Longworth 956
424F201FTF 3 o Unk N - N UF PG Shelly 826-835
S01F701824 6 5 Unk N UF - N UF Salmon Willow 813
5020160D6E 5 o Unk - N UF N UF SWUF Willow and 835-887
Longworth
5028364E1D 2 1 Unk - N - SN UF SN UF SW Willow 835
6CO0073031 2 0 Unk . - PG WL Prince George, ~ 798; 538
‘Williams Lake
Creek
GC0T2Z532 1 1 M |3 N UF PG Prince George 798
GCO0072612 1 1 F 15 N MF BW  Blackwater River T03
GCO072616 1 1 F 15 N MF SC  Stone Creek 761
Count of obs: 103 75 47 3 P 4 3 31 39

* Fish 1447127373A was presumed at capture to be in a late state of maturity, possibly spawning the following vear; maturity code of 14 is presumed.
* Maturity stages 4,5 (mature males) and 14,15 and 17 {mature females) are considered to be within 1 year of spawning.
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Discussion:

Key objectives of thigechnicalreport were to allate the available capturéfe-history, and radio
telemetry data into ongatasetcurrent to June 2019hiswascompleted and an updatsBiyVSRI
DB is now available to the Nechako White Sturgeon Recovery Initiative and others upon request.

This report furtherabulatsand summaresa p par ent {opintearNSE) movanerdgsdod
White Sturgeorencountereah each of thre®&NSP groupsWe reviewedthe associated biological
data including basic litdistory data for each fisind presentequalitative patterns of movement
observedSince 1995 and pdune 2019, 36f 359tagged individuals made intddSP movements
in all possibledirectiors (u/s ord/s) and inseveralcasedlid sorepeatedly particularly those fish
with longer historiesLastly, our report makesecommendations for futuguantitativestudies to
better undestand the context of thedecumenteanovements.

Data summarized in this pert synthesizes ~25 years of collective sturgeon monitoring in the
Upper Fraser watershed by several programs and util&ingriety ofmethods over timefor
context, thenitial RL&L study (RL&L Environmental Services Ltd 2000joundational to may
components of the curreptograms, summarizeeb years oflata(19952000) Thus, the present
reportis the currently best availabéend upto-datedata set on movements of individual sturgeon
among putative populatisror groups.In addition torepresenting &-fold longer data sethan

RL&L (2000) the number ofleployed tags and detections have increased dramatically, adding to
the scientific value of the current data ddbwever, movementdata should be viewed as a
minimum estimate as most fisRIT taggedwere only recapted once(among 3308 total
detection¥ and relatively few radio tags have been apphbedvere active at the same time
Moreover, the movements from and to, and residency in the UF and middle Fraser could be even
higher than weavere able ta@locument here.

The results of this studgvealedhat whatwereconsidered to be boundaries among these distinct
groups refle@much more of a continuum and shared hakiats, utilized by individualduring

several life stages durirtger lifespan.The movementsatumented in this reportfiner suggest

that the putative ranges and extenea€hgroups are poorly understaashile these may also be
impossible to define unless monitoridgta areanalyzedn conjunction withother methodologies

(for example,additional genetics, fin ray miochemistry or alikg. In turn, the results clearly
indicate that more habitat than previously documented is shared among various life stages
(juveniles/subadults to spawneosomesturgeon from all three populationshe exent to which
individualsdocumented to have moved among N$@Epend on thavailability of these habitats

to complete their life cycle remains unclear and warrants further study.

Implied through the movement of individualshysical hydrological or otheé undocumented
barriersdo not appear to exisvithin the study areaHowever,certain movements only seen by
adults suggestthat juveniles and subadultsay beless likely to utilize all habitats available to
adult individuals. However, there appear®xist a pattern of juvenile and saldult movements
from the Upper Fraser River to the Nechako River, suggesting good conneatiképitat use
between thesegpulations.
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The movements documented here will also infarrd allow contrasts ithe interpréation of past,

present, and future genetic assessments of White Sturgeon in the Upper Frag@@GBENC

2012) This, as samples for genetic assignments are often obtained from individuassignéd

to their locationof catct=i el d assi gnment o fbeproblehaticondidedng s t o
that some individuals move large distances and aguassivepopulationboundaries. Similarly,
interpreting markrecapture data should considee thovements discussed herein.

Results of this summarfrther confirm that radio taggingsing tags witdong-term batterylife
combined with an extensive and continuous monitoring program Yial@ed an increasing
understanding of movemendsid habitatssociation®ver time. It is critical to continue artd,

where possible, expand the monitoring program to identify funthevement patterns and
eventually resolve remaining questions related to range, habitat use overlap, competition
throughout the fe cycle of individuals from the three NSPs

Thisreport is in sections providing qualitative assessments and interpretdtida;we now have
summarizedinformation on movements across NSP boundaries, information such as habitat
occupancyremainsunknownn. The interval between capturasd between radio identificatiorns
irregular and spaced aparter years;increased samplinffequency and sampling at a higher
spatial density coupled with detaileddio tagging analysesould be performed to highlight
occupancy of individualand help identify habitat use by life stage (age or maturity), as well as
possible help identify addinal spawning sites, so these exist.

While this report summarized movements across putative boundaries, contrasting theste agai
other movement patterns is yet to be completed. This will require an analysis of all movement data
of all fish since inceptin of thevariousprograns. Data for such analyseseupdatedeach year

and available in the NWSRI D@ypically by January fédbwing a field seasonYherewill be some
limitationsto performing such analyseas a tagging bias (most adults are taggeslith brood
capture programs) may camouflage movement pattémanspawnersTo reduce this bias in the
future,additionalcgptures and tagging of adults should occur systematiaatiyn more habitats

not only in brood capture prograniet targepre-spawning individualén known staging habitats
However, the brood capture program should continue to maintain knowledgads tver time.

While the coverage of radio telemetry has recently been expanded, several areas have been
understudied or areoid of data. Th&tuartTaklawatershedipstream of the outflow of the Stuart

River is not being monitored. This subsegmentefilechako watershed is ~400km of lakes and
rivers, including Stuart Lake, Trembleur Lake, and Takla Lakewell as Tachie, Middle, and
Driftwood rivers.While confirmed to be sturgeon habitat, no formal monitoring is ongoing in this
extensivepotion ofthe watershedsiven the findings of this report, movements in and out of these
reaches should be quareid.
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Key Recommendations

While this technical report was not intended to provide a fully quantitative assessment of
movements, warrived atinsights that lead us to recommend the following future analyses,
methods, or additional field studies taedhmore light on the three NSPs:

Future aalysesof movements and occupancy

26

1. Using the NWSRI DB, performguantitatived g1 ob al mo v e nakinteré&nda n a |

intraaNSP movements of wild White Sturgeon in a format that can be annually updated and
with outputs that are intuitive (e.dR,script or mark down with static or animated maps).

a. ldentify movement patterns witheach NSP using a standaelil approach

b. ldentify habitat occupancy (location spent between detections)

. Further standardize sampling and reporting methodology

a. Standardize and harmonize all data collections to improve data quality
b. Utilize the NWSRI DB efry processes consistently@oable timely analyses

. Deploy additional radio telemetry bas&tions with remote access capability to increase

efficiency in data acquisition, maintenance, and updates;

a. add a minimum of three stations at the Tachie, Middfel Driftwoodrivers to
addess the monitoring datapgs in the Stuart Takla watershed.

b. adda minimum offour stations in the Upper Fraser River upstream of Prince George
(potential locations at the McGredRiver, Fraser Rivefnear HubbleHomesteay
and theMorkill River).

c. addaminimum ofonestationin the Mid-Fraser RivebetweenCottonwood River
confluence anthe Town ofQuesnel

. Maintain and increase the number of active radio tag§ sturgeon

a. Develop a systematic approach to expand the tagging of adult fish to inchider
geographic extentnore seasons (than brood captuag) life stages

. Where and when appropriateld acoustic telemetry arrays to address specific questions.

a. Develop a set of specific objectives or questions that can be addressed using
acoustidelemetry arrays.
i. An example would be exploring lake habitat use or occupancy (Fraser,
Stuart, Trembleur,ral Takla lakes)
b. Double tag those individuals that can aid in addressing the questions at hand.

. Increase number of radio tags deployed in wild files approaching-in that are captured

ineach of the NSP6s to bett almpattertsaesideccyad i z e
movements as fish approach before and as they approach maturity.
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Appendix A:

Capture and movement history 8% individual fish that crossed the putative NSP boundary at
Prince George.
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