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Executive Summary

An acoustic telemetry studyf white sturgeon was conducted in 2009 and 28ithe
Washington Department of Fish and Wildlife (WDFWithin the Marcus region of the upper
Columbia RiverThe Marcus aredocatednear Kettle Falls, Washingtpis a known
depositiorl area for sandized and finer industrial slag released from the smelter facility in
Trail, British ColumbiaThe purpose of the study was to evaluate-ficale movements and
habitatutilization of upper Columbia River white sturgeorskd on locational information
provided fromtaggedfish. Both lateral and vertical positions of tagdesth wereanalyzed as
part of this study

The study was conducted in two phases. Phas#udedimplanting 21 adult sturgeon
with pressure sensing@gstic transmitterg;onductingnstrumentatiomange testsising various
acoustical tagsperformingan evaluation of anptimum receiver arrayuging avemco VR2W
PositioningSystem Y/PS]), anddeployingthe final VPS arrayA total of 301 adult white
sturgeorwithin the Transboundary Reaohthe upper Columbia River have been tagged with
various types of VemcdHalifax, NS acoustic transmitter tagéhe current studyrackedthe
presence and positienf individual tagged sturgedhatentered the VPS receiver array
deployedn the Marcus area during the course of this approximate one year period of data
collection and monitoring

Phase Il of the studynvolved an approximate one year period of field data collection
(June 10, 20@to June 01, 20)0ollowed byreduction, manipulation, ardktailed statistical
analysis of the extensive data.Sdte statistical hypothesesdevelopment of appropriate
statistical and probabilistic approachasd associated analysasddressedix primary study
guestions:

1. How many individual tagged sturgeon we@sitionedn the VPS array?



N

Did the number of individusf positionedsturgeon vary by season, fish age, or gender?
3. Wasthere a difference in the amount of time spent and the numbpesitionsin the
original river channel versus outside of the original river channel by season?
4. Wasthere a difference in the amount of time spent and the numpesiifonsin

different ar@s within the array by season?

5. Were there specific movement, magion or congregation corridors for white sturgeon
within the existing telemetry array?

6. Were there discernable patterns or spatial indications pertaining to the vertical position of
the fish within the Marcus area?

Within the VPS array66 tagged adulsturgeon were positioneat some point during the
period of data collectiarThere were no apparent differences in the number of white sturgeon
positioned by season, fish length (surrogate for age), or gdtmgtionprobabilities varied
significantly acoss the study area, by season and tag family.

Positionprobability modelsvere developed and used to proviseupancy estimates
across thetudy arearray Themodelswereused to assesgasonaVariability in occupancy
within 125 m x 125 m grid cellwithin and outside of the original river chan@utcomes from
the probabilistic models showsdynificant effectselated to theéag famly and grid cell
location.Positionprobabilities were greatest during the spring and summer and lowest during
winter and fall.Occupancy of grid cells in and out of the original river channel varied
significantly by season. Sturgeon occupapmbabilitieswithin the original river channelere
greatest during spring (0.864) and winter (0.714) and lowest during summer (0.332) and fall
(0.426). Sturgeon occupatiavithin the study area asmore concentrated in winter and spring
and more disperse during summer and fall

White sturgeon wereecorded occupying a wide range of depths, but the vast majority
(94.7%; n=153,9749f measurements were of depths between 10 and 3bemottomdepth

within original river channel withithe Marcus study arganges from approximateB0 to 50 m

at thefull pool elevation of 393 mbove mean sea lev@lhe bottom depth outside of the



original river channel ( arda evas ddproxamatelp 0 matithe h i n t
full pool elevation of 393 m MSL. Depth measurements generally correspoiitietievbottom

depth at the position of the measurement, suggesting a benthic orieftagomwere no

apparent diel patterns in seasonal depth usadgedsturgeonOverall, the VP&nd the

methods of statistical analysis used for this study prowadexdsonable level of detail and

discernment (i.e., based on use of 125 x 125 m grid cells) regéalitgt(channel versus off

channel) and deptinse of white sturgeon within the Marcus ari@pecifically, we were able to

describe seasonal differencaghecongregation positions of sturgeon within andside of the

original river channel, patterns in positioning by tag family and season, and depth use
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Introduction

White sturgeorcipenser transmontanase native to the Columbia River and prior to
dam constructiogenerallyhad unrestcted access throughout the mainstem Columbia River as
far upstream as Columbia Lake in Brit€blumbia, CanadéScott and Crossman 1973)

Following dam construction, the white sturgeon population was fragmented into several small
isolated populations @uto a lack of fish passage for these large(fi&drth et al. 1993)One of

these isolated populations occurs in the Columbia River upstream of Grand Coulee Dam
(hereafter referred to as the Transboundary ReRautent stock assessment data indsciduta

the population in the Transboundary Reach consists of a moderate number of adult sturgeon,
relative to other Columbia River reservoirs, withited annual recruitment over the last 30

years Recruitment is defined as the numbefisi reaching one year of ag&/ithout natural
recruitment, the population is gradually decliningabundancen response to increasing

concerns over the threat of extinction, the Upper Columbia White Sturgeon Recovery Initiative
(UCWSRI) was formed in@0 The UCWSRI is an international organization with members

from state, provincial, and federal fisheries agencies and First Nations tribes in British Columbia
and Washington Stat&he Initiative produced an Upper Columbia White Sturgeon Recovery

Plan UCWSRP) that is compatible with the Canadian Species at Risk Act (SARA) and U.S.
Endangered Species Act legislation (UCWSRI 20022006, the upper Columbia River

popul ation was | isted as fAEndangeredo under

There are numerousdirs suspected to limiaturalrecruitment of upper Columbia
River white sturgeon; however, they can be narrowed into five general categories related to
changes in flow patterns and turbidity, diminished habitat (primarily substrate) downstream of
spawnng areas, changes in the fish community resuitingcreased predation, contaminants,

and food availability (Gregory and Long 2008here are several proposed mechanisms for

S



recruitment failure under each of the potential limiting factors, which drerassociated with
direct mortality of embryos, larvae, and early juveniles or reduced growth, condition, and
reproductive potential of older juveniles, sathults, and adults

The Marcus area (rkm 1,135) of the upper Columbia River is heavily utilizedhite
sturgeon, as determined by previdustelemetry and stock assessment (setline and gill net)
investigationgBrannon and Setter 22; Howell and McLellan 2007a, 200/B00§. In addition
to the high concentrations of white sturgeon, the origindf@bia River channel in the Marcus
area is a deposition area &andsized wateigranulated fumed slagleased from the Teck
Cominco(now Teck Metals Corporatiotgad and zinemelter in Trail, British Columbia
(CH2M Hill 2006). Slag contains elevatdevels of several trace elements, such as arsenic,
cadmium, copper, lead, and zinc (Majewski et al. 2088)elter operations also historically
discharged metadnriched effluent wasteBreliminary toxicity studies with larval and juvenile
white sturgeonndicatelL D506s at much | ower concentrations
rainbow trout (USFW008. The effects of elevated trace elements on older life stages are
unknownat this time however, white sturgeon are long lived, thus increasing theirfrisk o
negative effects due to contaminants as a resbibatcumulation (Beamesderietral. 199%.
Previous studies indicatehat copper can bioaccumulate in the eggs of upper Columbia River
white sturgeon (Kruse and Webb 200Bgnthic feeding white stuegn in the upper Columbia
River also ingested slag particl@arsley et al. (2I0) examined the gut contents of 37 hatchery
origin white sturgeon captured in upper Lake Roosevelt (rkm 1,120 to 1,170) that had been at
large for 14 growing season and 78%rtained slag particles, which was indicative of benthic
feeding behavior. I n addition, fAall guts cont

Abent hi c bimited iMdormatpnwasavailable regarding thiine-scalemovement,



congregation, and habitat preferences of white sturtfednoutinely use the Marcus area on a
seasonal or yeaound basisOverall, pecific sturgeon movements and interaction Witbwn
slag depositional areas has not been well characterized

Biotelenetry is the remote detection and measurement ahamalfunction, activity, or
condition(MerriamWebster Onlinpwww.MerriamWebster.com Biotelemetry often involves
attaching a piece of equipment tikatnmunicates information regarding the organisnmgevy
1996). Transmitters are devices that send a signal to be detected by receiving equipment
(receiver). Two common types of transmitters used for underwater telemetry are ultrasonic,
which send a low frequency acoustic (sound) signal through wates tleaeived by a
submerged hydrophone, and radio, which send a low radio signal through water and air that is
received by an antenna (Winter 1996). Signals can be detected either actively or passively.
Active signal detection usually requires an individwatel to the study area on a regular basis
(weekly for example) and manualtyperateshe receiver equipment. Passive signal detecsion
achieved when an autonomous receiver is deployed in the study area and transmitted signal are
received whenever trrganism is within range of the receiver.

An emerging technology within the field of biotelemetry is the acoustic positioning
system. The basic idea of the positioning system is that a precise position (X, y, z coordinates) of
an organism possessing amastic transmitter can be determined if the signal from the
transmitter is detected by three or more receivers (Espinoza et al. 2011). Acoustic positioning
systems have the potential to provide fsoale (<5 m) position information for organisms that
canused to examine habitat use and movements.

Theoriginal generalobjectiveof this projectwasto describdine-scale(<5 m position

accuracy)movements of white sturgeon juveniles 18km FL), subadults (116165 cm FL),



and adultg>165 cm FL) within the Marcus area (rkm 1,135) of the upper Columbia;River
however, as the project developed the specific objectives were réfimegrojectvas
conducted in tweeparatephasegPhase | and Phase.IThe objective oPhase las outlind by
McLellan and Howell (2009)yas to determine the feasibility of using a Vemco (Halifax, NS)
VR2W Positioning System (VPS) to determine fseale movements of white sturgeon. Phase |
consisted ofour specific activities, including:
1 A series of rangeeststo determine optimum receiver spacing within the defined
Marcusstudy area
1 A smallVemco VR2W Positioningystem YPS) experiment (study 1tp
determinghefeasiblity of usinga VPS to position white sturgeon within the
Marcus area andptimize te configuration o VPSarray.
1 Deployment of the final VPS array
1 Implanting 21 adult sturgeon with pressure sensing acotestienitters (also
referred to as tags)

Phase Ibf theproject which is detailed in this report, included periodic downlcauts
positioning of the array over an approximately one year periddiata analysisl he specific
objective ofPhase Iwas to addresthe following sixstudyquestions.

1. How many individual tagged sturgeon wesitionedn the VPS array?

2. Did the numbeof individual sturgeomositioredvary by season, fish age, or
gender?

3. Wasthere a difference in the amount of time spent and the numpesiionsin
the original river channel versus outside of the original river channel by season?

4. Wasthere a differace in the amount of time spent and the numbeositionsin



different ar@s within the array by season?

5. Were there specific movement, migration or congregation corridors for white
sturgeon within the existing telemetry array?

6. Were there discernabfeatterns or spatial indications pertaining to the vertical
position of the fish within the Marcus area?

These study questions required the development of appropriate methods of data
reduction, manipulatigrand statistical evaluation to derive useful otifpem a large, complex
dataset developed as part of this study effdhte discussion below summarizee methods
used to establish the VPS ar@ydthe statistical approaches usedtalyze the data set

generated by this project.

Methods

Study Areal Lake Roosevelt is the Columbia Rivesservoir thatvas created with the
completion of Grand Coulee Dafrkm 959) in 1941 .At its full pool elevation (393 m above
mean sea level [MSL]}he reservoir extends approximat2§skm upstream nedhe United
States/Canadaoundary(rkm 1,204)and has a surface area of approximately 33,0q€igare
1). There is &6 km freeflowing stretch of the Columbia River between the upper extent of
Lake Roosevelt and Hugh Keeneleyside Dam in British Columbia. Grand Coulee Dam is
operated for floodontrol, power production, andigation, with secondary considerations for
recreationfish, and wildlife.In generalthe reservoir is drawn dowdi 24 m in the spring and 2
4 min the late summer/early fall

This study was conducted in the Marcus arelaake Roosevelt (rkm, 1381 1,144
(Figurel). Study site characteristics consist of the originatipreoundment Columbia River

channel and t hhendfsduth afthe @éhanhef whiclnveere mpdands prior to



impoundmentkigure2). Bottom depths within the original river channel and within our study
area were generglbetween @ and50 m at the full pool elevaton Bot t om dept hs on
at full pool elevation were generally 10 he study area encompassed the confluence of Kettle
and Columbia rivers. During the study the daily mean reservoir eleyatessure at the Grand
Coulee Dam forebayanged fron384 to 393m above MSL, which was relativeharrow
compared taheaverage rangbetween 2001 and 201881 to 393 m above MSI(olumbia
River Data Access in Real Time [DARWww.cbr.washington.edu/dart/dart.hiniFigure3).
The neandaily discharge, measured at the international border, range®#éta 4,059m?/s,
which waslower thanthe averageangebetween 2001 and 2010,637 to4,548m%/s)
(Columbia River DART)Figure4). The meandaily water temperature, measured at the
international border, ranged fraBnl to 20.2°C, which was relatively similar to the average
rangebetween 2001 and 2018.1 to 19.5°C) (Columbia River DART)Figure5).

VPS Arrayi Using the information gathered dugithe range testing and test RS
final VPS array was designed in consultation with Veri¢ final array was deployed in the
Marcus area on 10 and 11 Jun@Q2(Figure2) (McLellan and Howell 2000 The VPS array
consisedof 24 VR2W0s spaced approximately 700 m a
triangles, with 14 synchronizatidags placeaear the centerf@ach squarer triangle

The VR2W0s and synchronization tags were m
reservoir bottomThe receiver and synchronization tag moorings consisted of a 33.&&b.6
cmW x 20.3 cmH, 61.2 kg concrete anchor, a 2 m mooting attached to the anchanda
buoy line from the mooring line @surface buoyThe 2 m mooring line was attached to the
anchor, passed through the center of a 20.3 cm diameter trawl float, and had a 5.1 cm diameter

stainless steel ring attachedla¢ top The trawl float acted to keep the mooring line suspended



in the water column and the ring acted as a stop for the trawl float and a conpeutidor the
buoylineThe VR2W0s and synchronization tags were
trawl float

A survey grade Trimbl@athfinder ProXHSlobal Positioning System (GP&)th a
Zephyr antennavas used to determine the locations of VR2W and synchronizatian tags
Locations were recorded at the surface after the mooring was lowered tatdme by pulling
the buoy lingaut and vertical, eithehrough the center of a 66.0 cm diameter fddied
mooring buoyor through &.62 cmopenface blockclippedto the davit arm on the research
boat When the buoy was usethgetline was secured ingae using cleats mounted on the huoy
The GPS antenna was then mounted on top of the buoy and the boat was then slowly backed
away so as not to disturb When the block was used, the boat operator maneuvered the boat so
that the buoy line remained tautdchavertical and the GPS antenna was fastened to the davit arm
directly above the blocklhe GPS location was loggéal 20 svia Bluetooth connection to a
Trimble Recon field computer.

All of the receiversaand synchronization tags the VPS arrayvere defoyed on 10 and
11 June 200QAll of the receivers, with exception ohereceiver that was lostvere retrieved,
downloaded, and redeployed on 30 June, 13 and 14 Augu€i3&avember 2009, ar@d
February 2010. The receivers were retrieved for dowimgaoh06 May 2010 and redeployed
on 11 May 2010. The final retrieval and download of the receivers occuri@dlme 2010.
Synchronization tag locations were confirmed on 30 2069 13 and 14 August4 November
2009 and10Februaryand 11 May 201CEach period between receiver deployment and
download consisted ofi@tudyo. We considered the start of a study to be when we deployed the

final receiver within the VPS on each occasibal{lel). Thus, the end of a study was when the



final receiver within the array was retrieved on each occaSiowly 1 consisted of the test VPS
describedn McLellan and Howell (2009)hus only studies 2 throughwere included in this
report. Thedetection data from each receiver recorded during each study was gentcq in
the form of .vrl and RLD files, for calculation of tag locati@msl estimates of position error
Espinoza et al. (2011) describtb@ method by which the tag positions ddwtizontal Position
Error (HPE) werecalculated.

Acoustic Tagged Sturgeon The sturgeon targetddr positioningincluded any of the
301 sturgeon within the Transboundary Reach that possessed an activea¢eust
transmitter and that utilized the area within the VPS array at any time durifigah&x studies
A large scale acoustic telemetry study designed to determine the season movements and
distribution of white sturgeon in the upper Columbia Rivgtiated in 2003 wasongoing
throughouthis study(Golder 2004, 200&1owell and McLellan 2007a, 2007B008; BC
Hydro, unpublished dataTheseasonal movement and distribution study e@slucted using
autonomous acoustic receivérs/ R 2 Wépdoyed between Grand Coulee Dagkm 959) in
Washington anéHugh Keenleysid®am (rkm1,260 in British Columbia.

Among the 301 tagged sturgeiorthe Transboundary Reaatere the 2Xhffixed with
acoustic transmitters during the first phas¢his stug (McLellan and Howell 2009)The
transmitters implanted into these fish mdssure sensofgr examining patterns in depth use.
The other 280 sturgeon were implanted with transmittersig other studieto address other
research questionBour diffelent tag families were represented among the 301 sturgeon affixed
with an acoustic transmitter. The transmitters include2/9146 db;60-180s ping delay, 537
d minimumlife), V13-1L (147 db;60-180s ping delay 1,123 d minimumlife), V16P-4L (152

db; 170-310 spingdelay, 1,460 dminimumlife), and V166H (160 db;30-90 sping delay,



3,650 dminimumlife). A ping was a digitally coded acoustic signal emitted from a transmitter.
A detection was a successful rpiten and recording of an individual pirny an individual
receiver. A positiomepresentshe calculated location of a tag irddnensional space (X, y)
resulting from the detection of a single ping by three or more autonomous receivers.

Fish PositionAnalysisi Descriptive statistics were caletéd for individual sturgeon
positioned by study, month, season, tag family, fish size, and fish gender. We examined tag
family because tags representing four different tag families had been implanted in to sturgeon
within the Transboundary Reac®easonsvere defined as summer (11 Jun&l August 2009),
fall (01 Septembeir 30 November 2009), winter (01 December 208 February 2010), and
spring (01 March 01 June 2010). Fish size categories, which were a surrogate for fish age, were
small (<70 cm FL)medium (76130 cm FL), and large (>130 cm FL). Fish gender was
determined by gonad biopsy duringastic transmitteimplantation (McLellan and Howell
2009).

Position Probabilityand Occupancy Analysig Three of theobjectives were to estimate
sturgeon occupancy inside and outside the river channel, by season; and to identify areas of
Ahi gh occupancyo within the array (e.g.. movem
It was suspected, however, that thelyadaility of positioninga sturgeon within the acoustic array
wasnot 1.0throughout tharray, and that the probability varied spatially and seasoraéfore
usingpositiors to estimate occupancy, we examined the validity of the assumption of uniform
postion probabilities of 1.0 across the array and between seasensientifiedposition
probability modelsvithin a 125 m x 125 m spatial graahd incorporated them into occupancy
estimatescross the array.

We estimatd the proportion of use for each t@ccupancypndcalculateda confidence



interval about the estimatboth with the correction for detection probability (adjusted) and
without (naive) We estimated seasonal occupancy in and out of the original river channel by
assigning each grid cell to a river channel category, then estino&tngancyand configgnce
intervals for each of theategoriesCells with any portion inside (below) the 372bathymetric
contour were categorized a#hin the original river channeHigh occupancy areagere
identified by isolating grid cells with thgreatesb ¢ ¢ u p amdagr@vearlapping confidence
intervals.Details of the statistical methods for estimgtposition probabilities, occupancy, and
comparing occupancy within and outside of the river channel are providggbendix A

Depth Analysis We examined patterns in season depth (m) use by calculating
descriptive statistics and by mapping positiorth\@ssociated depths over the existing
bathymetric contours in the Marcus area using ArcGIS 9.3. Mean depth (m) of individual
sturgeon with pressure sensor acoustic transmitters positioned within the VPS in each hour of the
day and season were plottecet@amine diel patterns in depth use. We also examined diel
patterns in depth use for each season by plotting the mean depth (m) and associated standard
deviation for each hour of the day. Each depth measurement for an individual fish within a
season and howf the day was treated as a subsample and the subsamples were averaged to
provide thesample value to address concerns with pseudoreplication in the deiatisert
1984).Pseudoreplication is an error in inferentialtisttics that occurs when sampéestreated

as independent when they are not independent.

Resultsand Discussion
Sturgeon Position Results (Questions 1 andi 2) total of 66 individual sturgeon were
positioned within the VPS array, which comprised approximately 21.9% of all of tipedtag

sturgeon within the Transboundary Reawglerthe course of the seven studiéalfle2;
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AppendixB). The fish that were positioned ranged in length from 28.3 tcb2ev FL
(Appendix B. The number of sturgeon positioned varied by study, ranging from a low of 39
during studies 2 and 5 and a high of 58 during study 4. The number of positions per individual
sturgeonwas highly variable with some positioned #hes andthers >10,000 timeJ &ble2;
AppendixB). All four tag families implanted in white sturgeon within the Transboundary Reach
were positioned in the VPI dble3; AppendixB). Generally, there was little variation in the
number of individual sturgeon positioned seasonally, although there were fewer fish with V16
6H tags positioned overall. The number of positions (mean, median, maxpeumyividual
was associated with tag povsar thathigher power taghadthe greateshumber of positions.

The number of individual sturgeon positioned did not appear to vary seasonally by fish
size(length) with the possible exception of medidemgthsturgeon during the winteT &ble4).
The number of individuals positioned atodal numberof positions were lowstin the winterfor
the medium length groudhe rumber of individual sturgeon positioned did not appear to vary
seasonally by fish genderdbleb).

Position Probability and Occupancy (Questions 3, 4, and Bositionprobabilities
varied significantly across the study area, by season and tag faitile6). Our seasonal
models each contained significant effects forfeagily and grid cell locationPosition
probabilities ranged from 0.10 to 0.4€idure6i Figure9; Appendix Q. Tags in family V16P
4L were most likely to beositiored, followed by family V2L, V13-1L, and V166H. Position
probabilities were greatest during the spring and summer and lowest during winter and fall
(Table6).Sampl e sizes were | arge in each season/ta

ABel owo gr oups-2lf(Table6)t ag family V9
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The sampling error of our occupancy estimator was low, the coefficient of variation on

JE ranged from 0.4 to 1.0%, resulting in precise confidence interval estirnatge sample

sizes within most grid cells and th term in denominator of thé variance estimator

produced the precise estima@éable?).

Occupancy of grid cells in and out of the original river channel varied significantly by
seasonKigure61 Figure9). Sturgeon occupancy within the original river channel was greatest
during spring (0.864) and winter (0.714) and lowest during summer (0.332) and fall (0.426)
(Table8). Occupancy also varied by seasBturgeon occupation was more concentrated in
winter and spring and more disperse during summer andriglire6 7 Figure9; Appendix D.

Winter and spring occupancy was concentrated in 3 cells during winter and 3jadirhgS

Figure8; Appendix D, all within the original river channélVhenpositionfrequencies were

adjusted for imperfect detection, over 31% occurred in grid cells 829 and 830 in winter and over
27% occurred in grid cells 829 and 783 during sprirep(e9). The set of 3 cells are contiguous

In contrast, summer and fall locations were more disperse; less than 3% occurred in a single grid
cell during either seasoitgble9).

Significant seasonal variation in occupancy of grid cells was likely related to water
temperatures and reservoir elevation. More dispersed habitat use during the summer and fall,
when watetemperatures were warmest, were likely due to greater movement activity
presumably associated with foraging. Reasons explaining the high use of the original river
channel habitat during the winter were unknown; however, large aggregations of whitersturgeo
have been observed in other areas during winter months (Hildebrandretaliew. Greater
use of the original river channel during the spring corresponded with the Lake Roosevelt flood

control drawdown, and the neardatering of theoff-c han h alt sidof habi t at

12



Patterns in Depth Use (Question 8)White sturgeon were recorded occupying a wide
range of depthsT@able10; AppendixE), but the vast majority of meaements were of depths
between 10 and 30 nrigurel10). The mean depths used by sturgeon appeared to vary
seasonally, with depths increasing from summer to winttlzen decreasing again in the
spring Table11). The distribution of depth use was bimodal during the summer, with peaks at
10 and 23 mKigurell). Depth use during the winter was restricted to depths >10 m. The spatial
distribution of the depth measurements indicated greater use of the Marcus area (the northern
portion of the VIS array) during the summer and fall and more restricted use of the original
Columbia River channel during the winter and sprifigrel12i Figurel5). The depth
measurements of the tagged sturgeon generally corresponded with the current information about
the maximum depths (bottom depth) within the study area (i.e. the sturgecally had a
benthic orientation). For example, the deepest portion of the study area (>20 m) occurred within
the original river channel and the depth measurements for positions within the original river
channel were generally >20 m.

The depth usdata from large white sturgeon that possessed transmitters with pressure
sensors indicated that they were primarily oriented near the subgittatethe Marcus area. For
example, in the plots of individual positions with depth data there were few sl{abaw)
depth measurements at positions where the reservoir was relatively deep (i.e. the original river
channel). Most depth measurements were similar to our general knowledge of the bottom depth
at the location of the VPS generated positdat content®f upper Columbia River hatchery
white sturgeonthat had been at large fordlgrowing seasonsvhich included fish captured
within the Marcus areayere primarily composed of benthic organisms and a high proportion

(79%) contained slag (Parsley et2010). Their results suggested that upper Columbia River

13



white sturgeon between the age 1 and 5 were oriented near the bottom, at least during the time of
the study (October).

The distributions of the depth measurements corresponded with the habitaau3dea
bimodal distribution of depth data during summer corresponded with the diverse use of habitat.
The peak in depth use around 10 m was indicative of the use of the flats habitat and the peak
around 23 m was indicative of the use of the original @nnel. The distribution of depth
measurements >10 m during the winter was consistent with the observed high use of the original
river channel.

There were no apparent d{@l 24 hr period that included a day and adjoining night)
patterns in seasonal dapise by sturgeon with pressure sensing tags positioned within the VPS
(Figurel6 andFigurel7). This was in contrast to white sturgeon in the lower Columbia River,
which used significantly shallower depths at ni@Parsley et al. 2008T.he reasons for the
differences are unknown; however, they could be related to fish sizes (lengths) and study area
characteristicsThe fishwith pressure sensors (depii)our study were large (16348 cm FL)
adults (sexually mature), whereas the fisttheParsley et al. (200&tudy were relative small
(50-122 cm FL) juveniles (immature)he Marcus area is a reservoir environment, unlike the
lower Columbia River which wapotentiallymore productive, riverine, and experienced a tidal

influence (Pargy et al. 2008).

Conclusions

Overall, the VPS was an adequate tool for determining habitat use of individual white
sturgeon (differentiated based on gender, size, and tag type) within the Marcus area at the scale
of 125 x 125 m grid cells. During this sty; we were able to describe seasonal differencésein

occupancy osturgeon within and outside of the original river channel, patterns in positioning by

14



tag family and season, and depth.uBesults and findings from this latest sturgeon telemetry
study also will support study development to examine-nale movement rates and patterns in

other portions of the upper Columbia River system.
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Figure2. Configuration of VR2W receivers and synchronizati@mgmittersn the Vemco
Positioning System (VPS) array deployed in the Marcus area of Lake Roosevelt on 10 and 11
June 2009 andperated until 01 June 20Ihe receiver within the black circleas not retrieved
until spring 2010 anthus was not included in the data analy§iee original river channel was
defined for the study area as all depths below the 372 m above mean sea level elevation.
Columbia River flow was east to west.
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Figure3. The daily mean reservoir surface elevation (m above mean sea level [MSL]) of Lake
Roosevelt measured at the forebay of Grand Coulee Dam during the study period (June 2009
June 2010) and the 10 year average over the same time period {(iums.
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Figure4. The daily mean discharge {fs) of the Columbia River measured at the U.S./Canada
border during the study period (June 20QRine 2010) and the 10 year average over the same
time period Junei June).
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Figure5. The daily mean water temperatuf€) of the Columbia River measured at the
U.S./Canada border during the study period (June 2Q@@e 2010) and the 10 year average
over the same time period (Juhdune).

Tablel. Start and end dates and times for each VPS study. The start of a study was when the
final receiver within the VPS was deployed on each occasion and the end was when the final
recaver within the array was retrieved. Study 1 was a test aMai.€llan and Howell 2000

and was not included.

Study Start Date/Time (himm:ss) End Date/Time (himm:ss)
2 11 Jun 2009 14:10:0¢ 30 Jun 2009 10:00:0(
3 30 Jun 2009 11:00:0(¢ 14 Aug 200916:00:00

4 14 Aug 2009 16:00:01 03 Nov 2009 19:18:43
5 03 Nov 2009 19:18:44 09 Feb 2010 16:43:1¢
6 09 Feb 2010 16:43:1¢ 6 May 2010 12:41:33
7 11 May 2010 10:15:57 01 Jun 2010 13:47:24
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Table2. Descriptive statistics of white sturgeon positioirethe VPS array between 11 June 2009 and 01 June 2010.

No. of Tags Proportion No. of Positions per Tag Total No. of
Study Positioned Available Positioned (%) Median Mean SD Min Max Positions
2 39 282 13.8 681 1,54: 2,722 4 15,79 60,17¢
3 47 291 16.2 63: 1,39( 2,28¢ 1 12,52¢ 65,35(
4 58 301 9.3 1,04¢ 3,31(C 5,831 1 29,09¢ 192,00
5 39 301 13.0 1,021 3,56¢ 7,70z 1 44,31¢ 139,01:
6 51 301 16.9 87¢ 6,68¢ 12,62¢ 1 67,41( 341,16:
7 43 301 14.3 32¢ 1,62¢ 3,02¢ 1 18,56¢ 69,89’
Total 66 301 21.9 77% 3,13: 7,13¢ 1 67,41( 867,60:
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Table3. Descriptive statistics of white sturgeon positioned in the VPS array between 11 June 2009wared 2010 by tag family,
month and season.

Tag Family ~ Jun09 Juk09  Aug-09 Summer Sep09 Oct09 Nov-09 Fall Dec09 Janl0 FeblO Winter Mar-10 Apr-10 May-10 JunlO  Spring Total

V13-1L

n 19 18 20 22 17 14 11 19 11 10 10 11 14 16 16 8 19 22

median 368 162 63 1,289 276 274 27 363 66 120 441 706 136 132 190 2 678 2,030
mean 12,06 874 687 2,381 1,299 1,194 564 2,369 491 436 1,605 2,347 1,352 486 718 49 2,031 7,353
sd 15,27 1,712 15,19 3,488 2,506 2,281 1,006 4,705 876 766 2,705 4,213 2,706 813 1,269 125 3,794 14,173
min 4 1 2 6 1 5 1 1 1 1 3 5 1 2 2 1 1 21

max 5,820 6,348 6375 12,486 8,753 7,211 2,676 18,420 2,367 2,238 7,125 11,730 8,347 2,741 4,701 359 12,850 53,252
V16-6H

n 4 4 5 5 6 3 3 6 3 3 3 3 3 4 4 1 6 6

median 3,759 2,622 1,629 7,932 5,766 13555 6,232 11,278 6,075 7,401 18,123 30,263 28,125 5,627 3,776 136 21,770 52,728
mean 6,072 4,417 2,744 11,134 5591 11,151 8,416 15374 7,834 9,241 14,079 31,154 26,132 7,234 6,515 136 22,254 62,484
sd 6,748 5,489 2,790 9,818 3,320 6,406 5,047 14,029 4,256 5,380 12,399 20,354 3,595 7,371 8,608 20,482 53,575
min 974 228 334 3,905 34 3,891 4,828 34 4,739 5,023 162 11,260 21,982 512 76 136 322 82,88
max 15,794 12,194 7,190 28,322 9,516 16,007 14,187 36,533 12,688 15,300 23,951 51,939 28,288 17,172 18,430 136 52,690 141,162
V16P-4L

n 13 18 15 20 16 15 15 18 16 16 16 16 16 16 19 16 19 21

median 681 855 596 2,028 952 1,298 1,130 2,925 924 889 3,351 5,573 4,503 2,293 1,895 73 8,171 17,261
mean 985 985 975 2,258 1,271 1,890 1,156 3,668 945 904 3,000 4,849 3,989 2,289 1,843 80 7,197 15,501
sd 827 656 959 1,807 965 1,623 733 2,682 602 524 1,205 1,998 1,590 1,185 1,260 62 3,417 9,561
min 103 177 218 218 29 38 37 29 38 117 122 1,087 83 440 4 4 37 37

max 2,558 2,753 3,876 6,629 3,245 5,085 2,529 9,702 2,170 2,085 4,028 7,655 5794 4,141 4,069 183 13,386 30,949
V9-2L

n 3 2 4 5 7 12 4 13 7 3 7 8 7 8 7 3 11 17

median 43 53 2 44 3 8 57 10 8 45 90 50 55 21 6 2 55 20

mean 60 53 18 71 89 113 136 194 40 46 135 170 119 31 12 2 106 319

sd 47 43 33 109 208 276 201 447 65 10 151 227 174 37 15 1 155 604
min 24 22 1 1 1 1 2 1 1 37 1 2 1 1 1 1 2 2

max 113 83 67 263 559 953 428 1,512 181 57 387 613 491 114 43 2 493 1,866
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Table4. Descriptive statistics for each size class (small <70 cm fork length [FL]; mediir8070

cm FL; large >130 cm FL) of white sturgepasitionedwithin the VPS array between Iiline

2009 and 01 June 2010 by season.

Size Group No. of Tags No. of Positions per Tag Total No. of
Season  Positioned Median Mean SD Min Max Positions
Small
Summer 5 44 71 10¢ 1 268 35¢€
Fall 13 1C 194 4475 1 1,517 2,52¢
Winter 8 5C 17C 227 2 61z 1,361
Spring 11 55 10¢€ 15¢ 2 49¢ 1,17(
Medium
Summer 19 40t 1,49¢ 2,044 6 8,15: 28,41
Fall 17 29¢ 95¢ 1,652 1 6,65¢ 16,25¢
Winter 9 24¢ 47¢% 487 5 1,43 4,25¢
Spring 17 30¢ 84¢ 1,401 1 5,852 14,38t
Large
Summer 28 2,94: 4,45} 5,69¢ 21¢ 28,32: 124,79
Fall 26 4,16( 7,19:% 8,64: 29 36,53 187,02(
Winter 21 5,99( 9,171 11,49¢ 1,08 51,93¢ 192,60(
Spring 27 8,39¢ 10,90¢ 11,34« 37 52,69( 294,46l

22



Table5. Descriptive statistics for eadenderof white sturgeoipositionedwithin the
VPS array between 11 June 2009 and 01 June 2010 by s€asolewasdetermined by
gonad biopsy.

Gender No. of Tags No. of Positions per Tag Total No. of
Season Positioned Median Mean SD Min Max Positions
Female
Summer 15 3,08¢ 4,94¢ 6,76¢ 352 28,32. 74,18¢
Fall 16 3,00t 5,93( 8,73¢ 34 36,53 94,88
Winter 13 5,92( 10,24¢ 14,47 1,271 51,93¢ 133,20(
Spring 16 8,28: 11,09: 13,88: 37 52,69( 177,45t
Males
Summer 8 49t 1,67¢ 2,31( 21¢ 6,62¢ 13,43¢
Fall 6 4,57¢ 4,32t 3,931 2¢ 9,70z 25,94¢
Winter 5 5,771 5,31¢ 2,661 1,08 7,65¢ 26,58:
Spring 7 7,22( 7,03¢ 3,86¢ 2,66( 13,38¢ 49,26
Unknown
Summer 29 40t 2,27¢ 3,44¢ 1 12,48¢ 65,94
Fall 34 137 2,49¢ 5,94¢ 1 27,92¢ 84,97¢
Winter 20 262 1,922 3,91¢ 2 11,73( 38,43
Spring 32 241 2,60: 5,92¢ 1 24,97: 83,29t
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Table6. Seasongposition probabilities estimated for grid cell groups and tag families
using logistic regression. Grid groups formed by combining 125 x125 m cells based on
magnitude of grid cell effect on position probability.

. . Number of Obsemtions Estimated position
Grid Cell Group Tag Family (detections/positions) probability
Summer
Above V16-6H 919 0.23182
Average V16-6H 180,699 0.16512
Below V16-6H 715 0.13631
Above V16P-4L 205 0.38010
Average V16P-4L 54,865 0.28665
Below V16P-4L 219 0.24280
Above V13-1L 563 0.24126
Average V13-1L 154,449 0.17245
Below V13-1L 227 0.14258
Above V9-2L 16 0.26289
Average V9-2L 247 0.18945
Below* V9-2L 0 -
Fall
Above V16-6H 543 0.18026
Average V16-6H 275,433 0.12766
Below V16-6H 490 0.11076
Above V16P-4L 163 0.33368
Average V16P-4L 108,096 0.24996
Below V16P-4L 260 0.22098
Above V13-1L 186 0.20722
Average V13-1L 164,202 0.14817
Below V13-1L 196 0.12896
Above V9-2L 52 0.23438
Average V9-2L 4,259 0.16924
Below* V9-2L 0 -
Winter
Above V16-6H 1,280 0.17550
Average V16-6H 174,928 0.13438
Below V16-6H 440 0.09976
Above V16P-4L 9,081 0.32555
Average V16P-4L 163,013 0.26038
Below V16P-4L 2,214 0.20082
Above V13-1L 287 0.19336
Average V13-1L 98,369 0.14882
Below V13-1L 2,059 0.11095
Above V9-2L 268 0.25216
Average V9-2L 1157 0.19739
Below V9-2L 7 0.14933
Spring
Above V16-6H 2,968 0.22261
Average V16-6H 489,336 0.13113
Below V16-6H 16,524 0.11375
Above V16P-4L 477 0.40413
Average V16P-4L 268,665 0.26332
Below V16P-4L 6,694 0.23312
Above V13-1L 381 0.25329
Average V13-1L 128,945 0.15166
Below V13-1L 3,969 0.13197
Above V9-2L 13 0.30917
Average V9-2L 916 0.19084
Below V9-2L 1 0.16707
T Position probability was not estimated for28t ag i n fiBel ow Averageodo grid grou

encounter histories were observed in this group during summer.
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Table7. Sample sizes by season for number of tags, number of encounter histories, nypobgioos/detections, number of grid
cells occupied, and number of grid cells used to mpdsitionprobability. Overall detection rate is pooled over tag families.

. . Grid Cells
Encounter . . Overall Detection Grid Cells
Season Tags o Positions Detections : Modeled
Histories Rate (%) Occupied (% obs. dropped)
Summer 50 39,734 72,859 320,265 18.53 672 631 (0.06)
Fall 55 45,114 87,572 466,308 15.81 686 636 (0.05)
Winter 37 37,937 84,842 368,261 18.72 374 332 (0.05)
Spring 54 74,613 159,557 759,332 17.36 462 400 (0.03)
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Figure6. Adjusted and naive occupancy for summer season, all tag families combined.
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Figure7. Adjusted and naive occupancy for fall season, all tag families combined.
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Figure8. Adjusted and naive occupancy for winter season, all tag families combined.
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Figure9. Adjusted and naive occupan@y Epring season, all tag families combined.
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Table8. Occupancy estimates, 95% confidence intervals, and naive occupancy for
sturgeon inside and outside the original river channel, by season.

Channel Occupancy Naive Number of

Season Habitat Estimate 95% Cl Occupancy Grid Cells
Summer In 0.332 0.332i 0.332 0.351 269
Out 0.668 0.668i 0.669 0.649 403
Fall In 0.426 0.426i7 0.426 0.444 282
Out 0.574 0.574i 0.575 0.556 404
Winter In 0.714 0.711i 0.716 0.730 203
Out 0.286 0.285i 0.287 0.270 171
Spring In 0.864 0.862i 0.865 0.865 258
Out 0.136 0.1367 0.137 0.135 204

Table9. Grid cells with greatest sturgeon occupancy estimates, by s&mdheast
corner of grid cell locations aggven in UTM coordinates, Zone 11.

: UTM UTM

Season Occupancy 95% ClI Grid Number Easting Northing
Summer 0.024 0.0247 0.024 590 419150 5390250
0.020 0.020i 0.021 996 420275 5388125

Fall 0.028 0.028i 0.029 876 419900 5390750
0.028 0.028i 0.028 648 419275 5391625

Winter 0.263 0.2611 0.266 829 419775 5390750
0.049 0.048i 0.050 830 419775 5390875

Spring 0.223 0.2217 0.224 829 419775 5390750
0.050 0.049i 0.051 783 419650 5390875
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Tablel0. Fork length (FL; cm) andender (M=male; F=female) and descriptive statistics
of depth (m) for the 21 individual white sturgeon affixed with an acoustic transmitters
with depth sensors and positioned within the VPS between 11 June 2009 and 01 June
2010.

Fish ID Tag Code FL (cm) Sex n Median Mean  SD Min Max
46 16347 216.5 M 1,876 10.9 135 58 7.3 28.5
47 16348 223.0 F 1,607 12.1 13.2 4.1 1.2 29.7
48 16349 188.0 F 4,565 18.8 19.1 44 49 32.1
49 16350 196.0 M 238 24.9 24.1 3.4 109 33.4
50 16351 202.0 F 5,638 24.3 23.1 5.3 1.2 34.0
51 16352 198.5 F 14,268 21.8 21.0 35 97 32.8
52 16353 178.0 F 8,388 27.9 26.8 51 9.1 38.2
53 16354 202.5 F 6,834 29.1 24.9 79 4.2 40.6
54 16365 181.5 M 15,014 194 19.6 4.7 4.9 37.0
55 16356 233.0 F 21 19.4 19.3 15 17.0 21.8
56 16357 206.5 F 9,559 15.8 16.3 25 85 29.1
57 16358 244.0 F 10,214 15.8 15.4 34 1.8 28.5
58 16359 200.0 F 11,862 22.4 22.3 51 85 35.8
59 16360 187.0 M 7,003 27.9 26.5 49 3.0 37.6
60 16361 165.0 M 15,620 26.7 25.6 46 8.5 32.8
61 16362 163.0 F 9,409 26.1 22.7 6.5 3.0 35.2
62 16363 162.5 M 2,384 17.0 16.8 23 85 26.7
63 16364 178.0 M 10,282 23.0 22.3 3.0 24 32.1
64 16365 179.5 M 5,268 15.8 17.9 51 4.9 30.9
65 16366 237.4 F 11,586 17.6 17.7 41 4.2 315
66 16367 247.5 F 10,993 17.6 16.4 32 36 29.7
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Figurel0. Box blots of depth (m) for each white sturgeon that possessed an acoustic tag with a pressure sensor and was positioned
within the VPS array. Boxes indiathe 28 and 75" percentiles, whiskers indicate theé™dnd 98' percentiles, the solid linis the
median, the dotted lins the mean, the solid dots represent outliers, and the numbers indicate the sample size
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Tablel1l. Descriptive statistics of depth (m) for the 21 white sturgeon affixed with

acoustic transmitters wighressuresensors and positioned within the VPS between 11

June 2009 and 01 June 2010. In order to account for pseudoreplication, depth measures
within eat strata were considered subsamples and the mean of the subsamples for each
individual fish were considered the sample valiiglbert 1984).

Month/Season n Median Mean SD Min Max
Jun09 13 11.8 12.8 4.0 8.6 23.7
Juk09 18 16.7 17.2 3.9 12.3 26.5
Aug-09 15 16.5 17.7 4.3 12.5 25.1
Summer 20 16.3 17.0 4.2 12.5 25.7
Sep09 16 15.6 15.8 2.7 12.0 21.2
Oct09 15 18.7 19.9 4.2 14.5 26.1
Nov-09 15 20.9 21.7 5.3 13.8 30.2
Fall 18 17.4 18.1 3.7 12.1 24.1
Dec09 16 22.9 23.0 6.0 13.9 33.6
Janrl0 16 25.1 24.1 5.8 14.8 34.2
Feb10 16 255 24.6 5.1 15.7 32.0
Winter 16 245 24.1 5.3 15.5 31.8
Mar-10 16 23.2 23.9 4.9 15.1 31.0
Apr-10 16 23.0 22.6 4.2 14.9 29.0
May-10 19 18.3 17.2 3.4 10.6 21.9
Jun10 16 17.4 16.6 4.2 8.8 22.1
Spring 19 20.9 21.2 4.3 13.1 27.7
Total 21 19.6 20.2 4.2 13.2 26.8
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Figurell Frequency distributions of seasonal depth (m) measurements for the 21 white
sturgeon with acoustic transmitters with pressure sensors and positioned within the VPS
between 11 June 2009 and 01 June 2010.
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Figurel2 White sturgeon positions and associated depth (m) measurements within the
VPS arrayduringthe summer. The bathymetric contours (gray lines) are in 3.0 m (10 ft)
incrementgrom the full pool elevation of 392.m (1,290 ft)above mean sea level

(MSL) downto 3719 m (1,220 ft) aboveMSL. The inset graph indicates reservoir

surface elevation (m; red line) during the summer (gray teajive to tke full pool

elevatian (blue line)
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Figure13. White sturgeon positions and assodalepth (m) measurements within the
VPS array during the fall. The bathymetric contours (gray lines) are in 3.0 m (10 ft)
increments from the full pool elevation 3.2 m (1,290 ft) above mean sea level
(MSL) down to 371.9 m (1,220 ft) aboM&SL. The irset graph indicates reservoir
surface elevation (m; red line) during tiadl (gray box) relative to the full pool elevation
(blue line).
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Figurel4. White sturgeon positions and associated depth (m) measurements within the
VPS aray during the winter. The bathymetric contours (gray lines) ar®im310 ft)
increments from the full pool elevation 3.2 m (1,290 ft) above mean sea level

(MSL) down to 371.9 m (1,220 ft) aboM&SL. The inset graph indicates reservoir

surface elevation (m; red line) during thenter (gray box) relative to the full pool

elevation (blue line).
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