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Estimation of Chinook SalmonEscapementDistribution and Run
Timing in the Togiak River Watershed Using Radio Telemetry,
Togiak National Wildlife Refuge, Alaska, 2011

Theresa L. Tannerand Suresh A. Sethi

Abstract

Radio telemetry was used to determine distribution and run timing of Chinook
salmonOncorhynchus tshawytscirathe Togiak River watershed. Additionally,
markrecapture techniques were employed to estimate Chinook salmon
abundance. In 2Q1radio transmittersvere implanted into 171 Chinook salmon
and another 119 fish were marked with spaghettiitatiee lower 5km of the
Togiak Riverfor the marking event. A total ofLB fish (68%6) were successfully
tracked to spawning locatisnForty-three (25%) had amdeterminate fate, 9
(5%) wereknown harvestsand six(4%) were assigned a fate of
dead/regurgitated. Eighsightpercent § = 99) of the tracked fish selected
spawning locations in thmainstenof the Togiak River, and 22 (n = 14)

selected spawning ¢atiors in the tributaries, primarily i©@ngivinuk River (5%,
n=6) and Gechiak Creek¥é n=4). A resistancdoard weir was installed in
Gechiak Creek to serve as the recapture event for themeaafture effort. A
total of232unmarked an® marked Chinook salnmowere counted through the
weir from 23 June through 3 SeptembEightage classes were identified from
scales collected in 2Q@1with the majority of the samples consisting of age 1.
fish (71% of markedfish and 496 of fish sampledhrough the weir). Females
compris@ 70% of the marked fish an®% of the fish sampled through the weir.
Chinook salmon lengths ranged from 155 mm to 1050 mm for marked fish and
from 340 mm to 102inm for fish sampled through the weiFhe spawning
population estimatéor Chinook salmon that entered thegiak Riveris 7,041

fish (95% CI ={4,160 ; 14,143). Tests to determine differencesrun timing
between tributary anchainstenspawning poplationsindicate that tributary fish
entered théowerriver earlier than mainstem spawning fish.

Introduction

Chinook salmor©Oncorhynchus tshawytscleturning to spawn in the Togiak River watershed
are harvested isubsistence, sport, and commeréistieries Forthe Togiak River watershed

the Alaska Depament of Fish and Game (ADFG) establishesliatainableEscapemenGoal
thresholdof 9,300 Chinook salmon based on aerial surveys (Baker et &). 280erage

estimated Chinook salmon spawning escapement from 1996 to 2005 was 11,862 fish, and
average haest was 11,273 fish, representing a 49% exploitation rate. The harvest includes
9,213 fish harvested in the commercial fishery, 902 harvested in the sport fishery, and 1,158
harvested in the subsistence fishery (Sands et al. 2008).

Currert monitoring of Chinook salmon escapement into the Togiak River watershed is limited to
aerial surveys. Total escapement is estimated by expanding visual courassuitied
correction factors. The accuracy of aerial survey counts is greatly affecstredm life,

Authors. The authors are with the U.S. Fish and Wildlife Service. The primary author can be contacted at
Anchorage Fish and Wildlife Field Office, 605 W Avenue, Room @51, Anchorage, AK 99501 or
theresa_tanner@fws.gov.
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variable run timing, observer efficiency, weather, water conditions, aircraft characteristics (type,
speed, altitude, and pilot experience), and other factors (Bue et al. 1998). Aerial survey
estimates within the Togiak River watershed hawebeen verified or compared with other
methods, and the accuracy with which the observations index actual abundance is u#known.
complete aerial survey focused on Chinook salmon escapement for the Togiak drainage has not
been flown and calculated sin2@05(Salomone et al. 2009)[he Office of Subsistence
Management, through its strategic planning process, has identified a need to obtain reliable
escapement estimates for Chinook salmon in the Togiak River (OSM ZD@& Bristol Bay
Regional AdvisoryCouncil has voiced support for this need since 2003, and development of a
reliable estimate of Chinook salmon escapement into the Togiak Rageexplicitly requested

in the 2008 2010and 202 Request for Proposals for the Fisheries Resource Monitoring
Program.Improving longterm escapement monitoring of all species of adult Pacific salmon

the Togiak Rivehas been a top priority issue with the Togiak National Wildlife Refuge, Togiak
Traditional Council, and ADFGAccurate monitoring of Chinook sabn abundancis needed

to ensure thaddequate escapemeante achieved so thhealthy Chinook salmon populations

are sustained and subsistence harvests and other needs are maintained.

Subsistence harvest and Chinook salmon spawning and rearing imati&a ogiak River occur
within the Federal Conservation System boundaries of the Togiak National Wildlife Refuge.
Providing a harvest priority to subsistence users in these waters is mandated under Title VIII of
ANILCA.

This is thesecondyear of alireeyear radio telemetry study to estimate Chinook salmon
abundance in the Togiak River watershed.

Objectives for the project wete:

1. estimate the proportion ddggedChinook salmon migrating past a weir on Gechiak Creek;

2. estimate the abundance of Chinook salmon escaping into the Togiak River watershed such
that the estimate will have a 90% probability of being within 25% of the true abundance,;

3. estimate the weekly age and sex composition of spawning Chinook salmon inkGechia

Creek, such that simultaneous 90% confidence intervals have a maximum width of 0.20;

estimate the mean length of Chinook salmon by sex anchade;

document Chinook salmon spawning locations in the Togiak Rmggrshed; and

evaluate the effectivenestaerial spawning ground surveys for monitoring Chinook salmon

abundance in the Togiak River watershed

o gk

Objectve 6was notmet in 201L. ADFG staffobtained only a partiaerial countandan
abundance estimatem aerial survey dataas not possible.

Study Area

The Togiak River is located in southwest Alaska and lies within the Togiak National Wildlife
Refuge (Figure 1). The watershed encompasses 5,178 km?2, comprises nine major lakes and five
major tributaries, and is bounded on the east by the VRoga Mountains and on the west by

the Ahklun Mountains. The Togiak River originates at the outlet of Togiak Lake and flows

93 km to Togiak Bay. The watershed upstrearmefconfluence witiPungokepuk Creek is part

of a congressionally designated Witdess Area. Detailed descriptions of the lakes and

tributaries can be found in the Togiak Refuge Fisheries Management Plan (USFWS 1990).

Five species of Pacific saim@ncorhynchuspp. are found in the Togiak River watershed
along with rainbow smelDsnerus mordaxrainbow troutO. mykiss Dolly VardenSalvelinus
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malma Arctic charS.alpinus northern pikeEsoxlucius Arctic grayling Thymallus arcticusand
northern pikeEsox luciugUSFWS 1990).
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Figure 1. Map of the Togiak River watershed in Southwest Alaska
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Methods

A radio telemetry experiment was conducted to estimatalithadancedistribution and run
timing of Chinook salmon ithe Togiak River watershedrishwere captured and marked with
radio transmitterand spaghetti taga the lower 5 km of thenainstem A resistanceboard weir
wasinstalled in Gechiak Credk enumeratdish pasageand to obtaira proportion of marked to
unmarked Chinook salmorMovements and final spawning destinationsasfio taggedish

were documented using a combination of fixl loggingeceiver stations and aeriaind
groundbased mobile tracking.

Mark-Recapture Rocedures

Marking event--A threeperson crew fiskda drift gillnet (18.3 mlong, 4.6 mdeep 20.3 cm

stretctked mesh siewith one crew member piloting the boat and the other two positioned in the
bow tending theaet. The gillnet wadeployed from thedw of the boatand the boat motor vga
idled in reverse to keep the net perpendicular to the shore while drifting downstream in the center
or deepest sections of the river. Each samglnegisless than km in length and fishng

continuel until the endbf the areavas reached or a fish bawe entagled in the net. Drift time

was monitored and recorded with a stopwatélti.fish except Chinook salmon caught in the net
were identified to species, countethd immediately releasedStatistcal weeks defining

temporal strata were used for sampling (TableSgmplingeffort wasstandardized across
temporalstratain order to markChinook salmon in proportion to abundanaesampling feature

that was crucial to obtain unbiased maskaptureestimates of spawning abundance when using
a systematic subsample during recapture events (Tanner and Sethi @dlLagt fishing effors
weretargeted t@® hours of soak time per day, for an average of 14 hours soak time in each
temporalstratum.

Table 1. Allocation schedule for Chinook salmon radio transmitters in the Togiak River, 201L

Strata Dates Radio Transmitter Allocation Spaghetti Tag Color
1 19Junei 2 July 45 FluorescenPink
2 371 9July 45 White
3 107 16 July 45 FluorescenGreen
4 177 23 July 45 Fluorescentellow
5 24 July’ 6 August 20 InternationalOrange
Total: 200

Chinook salmortongerthan 450 mn{mid-eye to tail fork were taggedvith radio transmitters
manufacturedby Advanced Telemetr@ystems, Incorporat€8dATS; Model No. F1840B)
Transmittersvere encapsulated in a biologically inert polypropylene copolymeeguogpped
with astainless steel nylon coated whip antenna. Transmittgighed 22 g, which never
excee@d2%o f t h bodyfweighh(Wimter 1983)Radio transmittera/ere implanted
through the esophagus using a plunger as described by Burger et al. (®83)undredadio
tagsconsisting of 2aunique pulsealigital codesdispersed ovegightradio frequencies between
1633 and 16.0 MHz were used The combination of codes on each frequency &@tthar the
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identification ofindividual fish. A mortality codewas transmittecfter 8 hours of inactivity.
Additionally, 30.5 cmserially numberedpaghetti tag¢Floy Tag and Manufacturing, Inc.;

Model No. FF4) were applied near the rear base of the dorsal fin between the interneural bones
using a hollow needle. The tag was secured to the back of the fishMiith press sleeveThe
spaghetti tags, or Floy tagserved as a highlyisible mark and each marking strata was
represented by a separate color (TableMarking criteria dctated that only healthy, lightly
stressedhinook salmon would receive both a radio tag aktbg tag. If multiple Chinook

salmon were captured in a single net set, only the first fish was implanted with a radio tag. All
others were marked solely with a spaghettiaad released

Efforts were made taninimize stresso Chinook salmomwluring @apture and handlingCaptured
fish were removed from gillnets as quickly as possilled gillnet meshesere cutif the fish
could nd be easily removeffom thenet. Chinook salmon wethenplacedin a padded tagging
cradle alongside the boatallow the fish to be processedthoutremovalfrom the water.The
general healt and appearance of each fishswecordedcandmortally injuredfish were not
marked MarkedChinook salmomwere immediately released into the river after taggifigtal
handing time for eachmarked fish wa about two minutesr less

Recapturesvent--A resistancéoard wei (Tobin 1994; Stewart 20Q02vas installed irGechiak
Creek(59.2218N, 160.25049W), approximately2 rkm upstream frorifogiak River. Weir
panelswvereconstructed of 2.5 cm insiedtameter schedule 40 polyvinyl chloride electrical
conduit. Resistancéoards were attached to each panel to aid floatakamel dimensionaere
5.8 m long by0.9m wide with 7.62 cntenter to centgpicket spacing.The panels were
attached to thaver bottomby way of a steedubstrateail anda 10 mmcable running from
bankto bank(Figure 2). A 1.2 mapron of mesh chain link fence served to stabilize the substrate
and acted as a barrier to fish passage beneatfail. A fish passage panel designed as a chute
was positioned near the deepest part of the channel, alléisiniyp pass into a live trep

facilitate biological sampling and passing adult salmon through the Weio panels positiork

in the thalwg of the creek allowetbr boat passage. The bgatssag@anelsweremarked with
orange buoys on either side, amérenat maintained with their resistanbeards deployed.

The weir served to recapture fish marked in the lower river and to enumerate all fish moving up
the creek.Fish were counted intermittently throughout the daylight hours from roughly 0600
through to 2400 hoursThe duration of each counting session whdepending on the number

of fish arriving at the weir. A contrasting substrate was placed on the stream bottom in front of
the counting panel to enhance visibility of fish and to facilitate species identification as they
were passed through the countiranel. For the hours the weir went unmanned, the live trap

was closed to passag€&he weir was cleaned of debris and inspected daily for integrity. Repairs
were made as needed.
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Figure 2. The resistanceboard weir installed in Gechiak Creek 2011. A remote telemetry station was ce
locatedwith the camp on top of theriver left bluff.
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Biological sampling-- For allChinook salmoriagged in the marking event, lengths

measured to the nearest mm (raigk to fork of tail) and sex was determined from external
characteristicéMecklenburg et al. 2002)Three scales from the preferred area on the left side of
each fish (Jearld 1983) were removed, cleaned, and mountednomeguscale cards. After the

field season, scale impressions from the gum cards were made on acetate blanks using a heated
hydraulic press. Scale impressions were viewed with a microfiche reader and agekleusing
standards and guidelines of Mosher (1968yes were reported according to the Paan

method described by Jeafltd83) and Mosher (1968), where the number of winters the fish

spent in fresh water and in the ocean are separated by a de€ismalith scales that could not

be aged were notatuded in the age analyses.

Chinook salmon passing through the weir at the recapture event were samplpel f@x, and
length (ASL) data using a temporally stratified sampling design (Cochran 1977), with statistical
weeks defining strata. Wweeklysampe goalof 155fish wasdrawn for ASLinformation.
Samplesveredispersed throughout the week and taken periodically during the day. All fish
within the trapwereincluded in the sample to avoid potential bias caused by the selection or
capture of indiwilual fish, eva if the target number of fish waxceededNon-target fishes
captured in the live trapereidentified to species, enumerated, and released above the weir.

Additionally, genetidissue samples were collected from the axillary prasesfsChinook
salmon handled for ASL data collection in both the marking and recapture eVhpte
samples were archived in individual vials for later genetic analysis.

Data Analysis

Radio elemetrytracking methods-Radio taggedhinooksalmon were aicked throughout the
Togiak River watershed using a combinatiors@ferfixed monitoringstations(Table 2;Figure

3) andmobile trackingrom boats and fixedving aircraft Six of thefixed monitoringstations
were located on themainstemandonewaslocated ora tributary Onestation waso-located at
the fieldcamp siteand weir onGechiak Creek The firstfixed stationon themainstemwas
placedupstream othe capture and tag deployment sit@étp delineateall of the radio tagged
fish that noved into the study area, which is defined as the bottom of Mainstem A (Figure 4).

Fixed monitoring stations were used to record up and downstream movement of individual
tagged fish. Each fixed station included a single recela&alogger (ATS model R48C or

R4520Q, a single 4element Yagi antenna, antenna mastyal? deep cycle battery, solar panel,
voltage regulator, and strongbox. Data from fixed receiver stations were downloaded weekly to
a notebook computer.

Aerial surveys were used to identd#gecific spawning locations in the Togiak River and its
tributaries. Aerial surveys were conducted from a finéag aircraft equipped with an

H-antenna mounted on each wing strut. Aerial surveys were flown at altitudes of approximately
1001400 m above@round along the Togiak River and its tributaries. A global positioning system
(GPS) built in to the receivatatalogger (ATS modé€4500Cor R452@C) wasused during

aerial surveys to record latitude and longitude coordiratdssignal strengtbf each tansmitter
located. Two receivers monitoring four separate frequencies each were used to reduce the scan
time for aerial surveys.

Boat surveys were usémbm the river mouth up to Togiak Lake more precisely locate

spawning in thenainstemTogiak River. Boat surveys were conducted using a portable receiver
datalogger (ATSnodel R4500r R4520Q and a4-element Yagi antenna. A hand held GPS
was used during boat surveys to record latitude and longitude coordinates for each transmitter
located.
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Table 2. Names anddcations @ecimal degrees) of fixed telemetry stations in the Togiak River watershed,

2011.
Station Name Latitude Longitude
Entry 59.11®6 -160.353®7
Second 59.18%2 -160.2789
Gechiak 590.2218 -160.25049
Ranger 59.2@02 -160.2089
Nayorurun 59.3012 -160.09.84
Kemuk 59.3@882 -159.9830
Ongivink 59.40030 -159.79631
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Radio telemetry data interpretatierEach radio tagged Chinook salmon was assigned one of six
possible fates based on information collected from mobile and fixed receivers (Table 3). Fish
whose spawning locations could be identified based ckitrg results were assigned a fate of
eithermainstenor tributary spawnerMainstemspawners were assigned to one of six river
sections (Figure 4). The boundaries of thes&)A&orresponded with aerial survey segments
used by ADFG (Brookover et al. 189 Tributary spawners were assigned to one of six
tributaries. In addition to the tributary survey areas designated by ADFG, in 2010 we added the
Twin Hills Channel as a possible spawning tribui@gnner and Sethi 2011)hinook salmon
whose spawnintpcation could not be determined with reasonable certainty were placed into an
unknown category. The unknown category was further diviimedwo groupsfish that were
unsuccessfully located pestgging and fish that wersuccessfully tracked withithe system,

but disappeared after at least ttwahree weeks of movemenhdicating possible harvest and
removal of that fish from the systerfish whose radio tags were detected within the local
villages or canneries from aerial surveys were alsoifiedas Suspected Harvedtish

assigned a fate of harvested or dead/regurgitated were censored from the sample.

For fish assigned a spawning fate, the amount of time spent holding in the lower river (defined as
locations below or within Mainstem A) wastimated from the date the fish was tagged through

the date the fish was first detected beyond the mouth of Gechiak Creek confluence, which
defined the upper most portion of Mainstem A (Figure 4). Basic statistics (mean, minimum, and
maximum) were calcated and a twsample ttest assuming unequal variances was conducted

to compare the number of days spent holding in the lower river for tributary and mainstem
spawners.

Table 3. Fate of Chinook salmon radieagged in the Togiak River, 201.

Fate Description

Spawning Location:

Mainstem(1 of 6 river sections) A fish that spawned in Togiak River.
Tributary (1 of 6 tributaries) A fish that spawned in a tributary of the Togiak Rive
Unknown Fate:

Insufficient location information A fish that could not be located by either fixed or
mobile telemetry tracking.

Suspected harvest A fish that was tracked to multiple locations overé
week period before disappearing from the systana
radio tag that was detected within a local village or
cannery during an aerial survey

Removed From Study:

Harvested A fish that wageportedharvested in either the
commercial, sport, or subsistence fisheries.

Dead/Regurgitated A fish that did not complete its spawning migration
because it either dieat regurgitated its radio tag.

10
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Spawning abundancestimation--Chinook slmon abundance estimation follows and extends
methods outlined in Tanner and Sethi (2011). Adult Chinook salmon were tagged in the lower
part of themainstem Togiak Rivehowever recapture occurred systematically on a single

spawning subpopulation at a weir on an upstream tributary (GeChes). While tagging and
recovery occurred over several weeks, release and recovery data were pooled and analyzed with
a single releassingle recapture closegopulation LincolrPetersen estimator. The assumptions

of Lincoln-Petersen closepopulation mark recapture estimators are as foll@igs Pollock et

al. 1990):

1. the population is closed (no additions or deletions);
2. marksare not lost or misidentified,;
3. dl animals are equally likely to be captured at each sampling occasion.

Recruitment, i.e. addition) the population was nonexistent as fish entering the river system
had to pass the tagging sit€he LincolnrPeterserestimator still provides valid estimates of run
size at the marking site if pestgging mortality occurs but is randomly distributed throughout
the populatior{Krebs 1999) Becausé-loy spaghettiags are relatively nemvasive to large

fish such as $aon, and radio tags were only released into large and healthy fish, we assume
taggingrelated mortality was low or nonexistent, and any taggehated mortality events were
randomly distributed throughout the population. Similarly, we assumed anynuthtdity

events that occurred between the tagging and recovery site, for example due to sport harvest or
natural mortality, were expected to be randomly distributed throughout the population.
Therefore we believe that Assumption 1 of population closuogleld insofar that any

mortality events that occurred would not bias the Linddtersen estimator.

Assumption 2 is defensible because we found no evidence in the field of tag shedding, and tags
were easily identified at the weir.

Assumption 3 is ofreatest concern for this study because the second sampling occas&éin was
systematic subsample of the broader population. This concern was discussed in length in Tanner
and Sethi (2011). Previous simulation efforts (Tanner and Sethi 2011) demonkaated t

achieve an unbiased estimate of tetstapementagging effort needed to be in proportion to
abundance at the tagging site such that all substocks received equivalent tagging rates (tags in
substock/substock abundance). In this manner, the stite@capture subsample at the

Gechiak weir behaves as random sample from the broader population. To accomplish this, we
modified the tagging protocol in 2011 to administer equal tagging effort in each tagging strata.
We assumed the standard relatiopghat catch@, i.e. Chinook marked and released) is directly
proportional to effortif) and abundancéNj through a catchability coefficieng), with C =

NEq. Through rearrangement of this simple catch equation, it can be seen that if effort and
catdability remain constant throughout tagging strata (denote this énydq , respectively),

then a constant tagging rakewould be applied to all populations passing the tagging site:

¢ N = k = Eq . Finally, to improve sample sizes, we increased the number of tags released by
deploying both radio tags andblf tags

Following recommendations in Seber (1982) when analyzing sparse data for small population
sizes, we used the Chapman variant of tinedln-Peterson estimator to assess Chinook

spawning stock abundance. The Chapman estimate of total abundanse,
(n1+1)(np+1)
N =———————-1 1
(my+1)
wheren,is the number of Chinook salmon tagged and released at the tagging site awer all t
stratan, is the number of Chinook salmon counted passing the Gechiak Creek weir (the

recapture event), and, is the number omarkedChinook salmon captured at tiveir. The
11
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Chapman estimator is derived under a classical maximum likelihood fiaikeaere the

random variable for the number of marks captured in second sampling sessim|
hypergeometridistribution Confidence intervals fav, were constructed using a parametric
bootstrap routine in R (RevelopmenCore Team 2010y generatingl 00,000 bootstrap
samplesof m, from a hypergeometridistribution with parameters equal to those under the point
estimate of the Champan estimator. Simulatgd/alues were used to create a distribution of
Ne6s and s ubs e q ebootstrappead astinhates peosided donfidehce intervals.

In addition to the Chapman estimator, we implemented a Bayesian version of the classic
Lincoln-Petersen estimata¥g. In this formulation, we modeled both tags and unmarked
salmon captured in ¢hsecond sample session as binomial processes:

m,|n, ,p ~ Binomial(n, ,p) 2
u|U ,p ~ Binomial(U ,p) 3

wherep is the probability of detection, or catchabilityis the number of unmarked Chinook
counted in the recapture event (at the weir),ldmslthe number of unmarked animals in the
overall population. Priors were as follows:

log U ~Uniform(0,14)
p~Beta(1,1)

Finally, total abundancé|z, was included as a derived parameter in the modabas U. We
chose to conduct the Bayesian implementation of the LiAeetersen estimator for two reasons.
First, the posterior distribution f&fgz contains all uncertainty from priors and gstion of both

U andp in an exact fashion, versus asymptotic approximations under likelitasebmethods,
e.g.see Kery ad Schaub 202. Second, under a Bayesian estimate, we can make probability
statements for derived parameters such as total papukiie and for two other quantities of
interest: the probability that run size in 2011 was smaller than the point estimate of run size in
2010 (V¢ 2010; 10,096) and the probability thtite 2011 run size was smaller than the point
estimate of run sizeéi2010 which has been inflated by 208 {¢. 2010) @S an ad hoc method to
adjust for suspected downward bias due to unequal tagging rates acKesstirak

subpopulation and thestof-river run in 2010 Tanner and Sethi 2011Y.he Bayesian estimator
was implemented in WinBUGS (Spiegelhalter et al. 1999) from R using the R2WinBUGS
package (Sturtz et al. 2005). We ran fivmins of 1,000,000 iterations, with a bummperiod of
950,000 iterations, and a thin rate of 100, fastaltof 2,500 retained joint posterior parameter
draws for subsequent inference. The fitted model was monitored for chain convergence by
visually examining MCMC trace plots and ensuring that all tracked parameters had Gelman
BrooksRubin statistic < 1.1(Brooks andGelman 1998; Kery and Schaub 2D12ppendix1
provides R code to fit the model.

Tests for differences in run timirgRun timing information can be used to ascertain whether
subpopulations within the Togidkiver passed the tagging site asvellmixed group, or

whether subpopulations entered the river in separated groups. Synchronous run timing curves
for subpopulations provides evidence of the former, whereas staggered run timing curves is
suggestive of the latter. Escapement data weagailable for Togiak Chinook, other than data
from the Gechiak weir. In light of this, we used tag release timings at the marking site of
successfully fated fish, where fated spawning locatiorcatds subpopulation membersteqg.
Gechiak,Ongivinuk or MainstemA spawner assignments
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We examined the following questions associated with run timing of Chinook subpopulations in
the TogiakRiverduring the 2011 season:

1. Are there differences in the run timing between pooled tributary and poaledtem
populations (lg: There is no difference in run timing between tributary and mainstem
spawners)?

2. Are there differences in the run timing amongst the tributary subpopulatigns (H
There is no difference in run timing between tributary subpopugt?

3. Are there differences in the run timing amongst the mainstem subpopulatons (H
There is no difference in run timing between mainstem subpopulations)?

4. Are there differences in the run timing between the Gechiak subpopulation and the
pooledfi r ®fsrti ver 0 p @ pherde B hoidifferende i run timing between the
Gechiak tributary subpopulation and the +@fstiver population)?

Hypot heses were evaluated using fAtests- of i
square statists or through use of the Fisher exact text implemented in R

Results

Marking event--Gillnet samplingor Chinook salmonvas conducted ovex total 0f43 hours
between22 June and August andatotal of 339 Chinook salmomwerecapturecbetweer2?2

June and August(Figure5). The hghest total cataksoccurred orl0and27 July when 3 and

21, respectivelyChinooksalmon were caughtOf the 339 Chinook salmon captured, 171
received radio tagwsith a secondary spaghetti tag and Chinook werdgagged with only a
spaghettiag, for a total of 288sh marked in the gill net fishin{Table4). Of the additional 51

fish captured in gill nets, 28 were recaptured marked fish, 19 fish escaped the net or the cradle
before they could be marked, andtler Chinook salmon received mortal gill damageher
speciesaptured included chu. keta(n = 114) andsockeyeO. nerka(n = 169 salmon,

rainbow trout(n = 4), andcharSalvelinusspp. (n = 11).

Low, clear water conditionsarly in the season félne mainstem sampling effort caas

concerns about net avoidartmehavios. On 13 July, we incorporated hook and line sampling to
complement our gill net fishing efforts. All of the spinners had the barbs pinched down to
minimize injury. Hook and fiesampling efforts entaileliological technicians letting out line
until the weight and spinner o&étappeddé al ong
downstream troll. Fishing effort was timed and standardized to one bbtotal line soak ime.

A total of 24 hours soak time from 13 Jiilyy August only resulted in tw@hinook salmon

being captured, onaf which received spaghetti tags ahd other whiclescaped from the cradle
before being marked. Other species captured included cég. (n=11) and a rainbow smelt

(n=1).

All fishing efforts resulted in a total of 290 marked fish, THinook salmornwith botha radio
taganda Floy tag and another 119 fish with only a spaghett{Tagle 4)
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