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ABSTRACT

';,.'::f;,:;::\i::i;T,il.il;::.:"* used ro nnd ,he majori,.," of

n*=*=;;.;*#ri#fl*"lJF[:1:i",,1';ffirx^.dij,:-5i1""T"r,-ut*
i,il:,".:.#"?"ili:X :J"*fijn:t.:,":eiving stations 

',0 ".i'ii1,""1'["]!.ff:f"":"'.!fi'J::'*::Ti'il:

ili"11ll-,":"i;"lrt nilliltn:ii#J:*,,*?,H l1*xJ Hild{i'*':n*;"u,*,*,1 ll
i:;r5ffi *:::,1J;:;iil,:;::?[T:;i,ij",Hi;;;;,.,il"j;i,,l"n:HJiL_;i::l:,,]i:il:ffijJf;i

Key words: Coho salmon, Chil
patterns, spawning dt::;rL"'"l.f:::ilj 

River' Klutina Riveq radiotelemctry. ruo-timing

INTRODUCTION
The ('opper 

_River is a glacially r1ominated
slstem tocaled in Southccntral Aiaska and is thesecond largest rivcr in Alaska in terms ofaverage discharge. lt flows south from the

11f.1.1, l**: and \r'rangeil ano crugacr,
Inounlarns and emptic\ inro rhe Culf of Alika,slightly east of prince William Soun<j feigur" il.
I1"^^9:try: River drainage {or,i+o' [rnjjsuppons spawning populations of coho sallnon
unct,rnyn( hu\ 4/.falcft. Ch'nook salmon /r.tslla.wytscha, and sockeye salmon 0. nerka asuell as various residenl fish speclcs.

9:1" :",r- rcrurning ro the Copper Rivcr passthrough comlnercial, subsistencc. personal use.

:::.:l* fisheries on the way to tt"t,,pu*ning
grounds. 

^ Thc avcragc annrral coho'salmol
narvesl troDl 2001_2005 uas approximrtel)

ll|J9O f:n in rhe commerciat fishery and 2,80brsn 
- 
In lhe combined Clcnnallen \ubdislricl

sunslstence (GSS l. (.opper Rir.cr subdistrict

:::r:.1.r.*. and Chirina subdistrict Jip ner
{L)r_rN.) personrl use fisheries tAshe er al.2005:
Taube 20061- pon lisherics o".u, i" ,,r"un-o oilhe ( opper Rir er Delta and- to a lesscr 

"",.n,, 
inthe Upper Copper River.

The, comlncrcial fishing sr:hedule rs established
by the Alaska Depanment of Fish and (;ame but
r nseason^ consultations uith lhe prince Williaml\ouno 5alnton Ilarvesl Iask l_orcc and lhcpublic.are condLtctcd to refine and modify theschedule.

Thc CSS 
-fishery is opcn from June I to

September 30 fiom the north side of the Chitina_
Mc.Canhy Bridgc to rhe village of Slana. Themaiority of fishcrs use fish rvheels to hafvest
salmon. but dip nets and rod and reel are alsoaliowed._Federaliy qualified subsistenoe fishers
can use fish wheels wirhin rhe CSDN fishet ;;;
l.f:.::rt"" runs from May ls to seprembcr J0;
jlll,"^l.i- rhe srarc_rnanagcd CSDN fisheryruntch accounts lor nearll all ol the total harrest
rn-tire,subdr5lric0 is srrictll a dip ner l.ishery anclrlprca ) nlns fronr earll Junc lo lhe end ofJ€Iremtrcr.^ In the tjpper Copper River, themaJo t) ol 

^the 
spon harvesl takes place intnbrltanes of rhe Tonsina and Chitina rivers,

where anglcrs are limited to rod and reel gear.
Escapement of coho salmon in the Coppcr Riveris indexed annually by aerial survey counts of
lYt.tTt spfl*ning lributaries in rhe CopperRrvcr Dclta. A sustainable escapement goal ot.32.000 67,000 in l-5 delta tributaries wasestablished. Jn l99t (Bue et al. 2002). Thecommercial fishery, which accounts tbr thc

l:j:lll. litl" rorat annuat harvc5r. is manased

l:i,11,t.S.ot, howev6r. 1frc1€, is virruallS nornlormalton ort coho salmon c5capemcnls or
llrlllb:]'-r" Jn^rhc Upper Copper River drainage.
nor rs there informalion available regarding rheir

::lj]l]-. conrriblrlion to rhe commercial,
suDStslcnce and sporl llshcrjes thrr occur In andaround he Copper River Delta-

A goal of the study was to document maior

:l.i:.".ilc 
locarions rnd characlcrizc run riming

or slocks spa\rning rvirhin rhe Inajor lribularies

I

-
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to idenrii, potential coho sport fishing
opportunities in the Upper Copper River. In
addition, this intbnnation was collected to aid in
designing luture stock assessment studies. This
report docuinents the second anii linal year of
this study.

OBJECTIVES
'I he objcctive ofthis study in 2006 was to:

l. identify spawning area-s accounting 1br
90% of the spawning population of coho
salmon in the Upper Ctopper River
drainage with 90oi confidcnce.

METHODS
CAPTURE AND TAGGING

l) Coho salmon vvere captured using two
aluminum fish wheels located on the east
and west banks of the Copper River
be lorv Wood Canyon (Figure 2).
Capture locations were selected based on
their effectiveness at capturing Chinook
salmon at the same locations in previous
studies (Evenson and Wuttig 2000;
Smith et al. 2003). Thc fish wheels
(provided by the Native Village ofEyak)
were activated on August 15 and fished
until September 27. The west-side fish
wheel had one large live tank (4.3 m
long x 1.5 m deep x 0.6 m wide) with
baskets that fished a minimum water
depth of 2.44 m (g feet). whcreas the
east-side fish wheel had two live tanks
(4.3 rn long x 1.5 m deep x 0.6 m wide)
with baskets that fished a minimum
warer depth of J.05 m (10 feer), as
described in smith et al. (2003). .t.he

flsh wheels were opcrated 24 hours a day
and seven da1, s per week; nowever! tncre
\rere Inslances where changes in *atcr
level or floating debris caused the wheel
to stop fishing. The fish whecls were
checked at least three tirnes a day unless
large catchcs of sockeye or coho salmon
required more l.requent checks to
alleviate overcrowding.

For every coho salmon captured and radio_
tagged, data collected included:

l) measuremenl offish lcngth to the nearest
5 mm (FL);

2) radio tag ftequency and code:

3) Floyr" tag number and coJor;

4) date and timc ofreleasc; ano,

5) capture location (e.g., east or west bank).

A systematic approach was laken in an alternpt
to radio{ag ooho salmon in proportion to run
strcngth by distrjbuting radio tags based on daily
catches. To ensure that radio tags werc deployed
over the entire run, the tagging rate was adjusted
periodically to meet tcmporal tagging goals.

Radio tags rvere inscrted through the csophagus
and into the upper stomach of coho salmon with
an rmplant device. The device wis a j5_cm
piece of polyvinyl chloride (pVC) tubing with a
slit on one end to seat the ra<iio transmitter into
thc end of the tubc. Another smallcr diameter
section of PVC fit through rhe first tube acted as
a plunger to unseat the radio tag. To ensure
proper radio 1ag placcment, thc distaDce between
0.I cm posterior ftorn the base ofthe pectoral fin
to the tip ofthe snout was used to determine how
far to insert the implant device into the fish.

A11 radio-tagged coho salmon also received a
uniquely numbered FloyrNl FD_94 internal
anchor tag placed near the rear insenion of the
dorsal fin. The entire handling process rcquired
approximately two to three minutes per fish.

RADIO-TRACKING EQUIPMENT AND
Tnlcrtxc PnocEDURES

Radio tags were Modcl Five pulse_encorled
transmittcrs manufactured by ATSr. Each radio
tag was distinguishable by its frequency and
encoded pulse pattem. l rvelve frequencies
spaced approxintately 20 kHz apan in the 149_
150 MHz range with up to I0 encodccl pulse
patterns per frcquency were used.

A total of nine stationary radio-tracking stations
rvere used to rccord migrating radio-tagged coho
sal|non (t igure I ). Each station included two

I 
Advinced Telemetry Systems, Isanti, Mrnncsota. Use of this

company name does not corstitute cndorscment, hut is rncluded
for scientiUc completeness

-



l-igure 2.-Map of the copper River demarcating tho fish wheel capture locations, lower CSDN fishery
boundary, and field camp, 2006.



deep-cycle batteries, a solar array, an anrenna
swilcli box, a steel housing box, two yagi
antennas, and either an AIS Model 5041 Data
Collection Computer (DCC II) couplecl with an
ATS Model 4000 receiver or an ATS Model
R4500 (DCC and receiver combined). The units
were programmed to scan through the frequcncies
at 2-s interyals. and receivc from both antennas
simultaneously, When a signal of sufficient
strength was encountcred, the receiver paused for
12 s on each antenna, and then tag frequenc),. tag
code. signal strength, date, time, and antenna
nunber were recorded on the data logger. The
relatively short cycle period minimized ihe chance
that a radio{agged fish would swim past thc
receiver site .uilhout hcing delected. (.rcling
rnrougn a trequcncies required up to I ntit)
oepcndtng on the nutnber of aclive tags in the
rcceptton range and level of background noise.
Recorded data were downloaded to a laptop
computer evcry 7- l0 days.

Thc first station was placed on the west bank at
the lower houndary of the CSDN fishery (below
Haley Creek; Figure i) to derermine the total
number of radio-tagged coho salmon that
successfully migrated upstream of the capture
area. The sccond slation was placed at Obrien
Creck r.rhich is a popular locaiion ro enter and
exit the CSDN fishery. A third station was
placed on the north bank of the Chitina River
approximately 6 km upstream from its
conlluerce with the Copper Rivcr to identify fish
bound for the Chitina Rivcr drainage. The founh
station was placed on a west-side bluff of the
Copper River immediately upstream of the
Chitina River and the McCarthy Road hrirlge to
identify fish bound for uprive; areas, Radio_
tagged llsh entering the Tazlina. Tonsina.
Klutina, and Gulkana rivers were recorded lrom
stations placed near the mouths of these rivers.
The last station was placed on the mainstem
Copper River approximately Z knt downstream
fronr the tnouth of the Gakona River. This
stalion was used to enumerate all radio_tagged
fish migrating to arcas upstream of the Grliina
River.

The distribution of radio{agged coho salmon
was.fufiher determined bv aerial tracking from
small aircraft. One aerial-tracking survey (4
days) of the entire drainage including' the

mainstem Copper River was conducted after
completion of the fall migration, Tracking
llights were conducted with one aircraft and one
qer:91 (in addirion to the pilor) urilizing one
R4500 receiver. AII frcquencies were loaded
into the receiver prior to cach flighr. DwelJ time
on each lrequency was 2 s. Flight altitude
ranged from 100 to 100 m above ground. I-wo
H-lntennas. onc on each u,ing suul, ucre
mounted such that the antennas reccived signals
perpendicular to thc direction of travel. Oncc a
tag was identified, its frequency. code, and GpS
tocatlou were recorded by the recciver, T.he
purpose of the aerial tracking w.as to locate tags
iD tributarics other than those monitored by
remote tracking stations, to locate fish that thc
tracking stations failed to record, locate specific
spawning areas within a drainage, and to validate
that fish recorded on one of the data loggers did
migrate into that particular stream.

DATA ANALYSIS

Fate Determination

Data fiom the tracking stations, aerial survey.
and tag return intbrmation wure useo to
deteminc the final fate assigned to each radio_
tagged fish (Table l). A coho salnron was
assigned to a pafticular tributary if it was located
there during the acrial tracking survey and/or
was identified by the tributary's tracking station.

Identification of Spawning Areas
Radio-tagged coho salmon assigned a,,sparvner.,
late_ were used to identily spawning areas
(Table l). Spawning areas of cono salnon were
detcrmined during one aerial survey conducted in
mid-C)ctober. Because only one survey was
conducted, Iocations of radio-tagged fish may not
trare conesponded ro exact spa$ning ,itcs (i.e..
lrsh ma) still have heen in transit to spau.ning
site). 'lhereforc, spawning areas were dcscribeJ
as being withjn a particular stream as opposed to a
particular stretch within a stream. It was
anticipated |hat some coho salnron would spawn
in portions of the mainstem Copper River and in
srctiors of glacial tributaries (e.g., Chitina River).
F-or thcse fish, it was diflicult to diffcrentiate
between fish that were in a spawning area and fish
that were still transiting to a spawnrng arca (r.e., to
a clear-water tributary).

-



Table l.-List ofpossible fates ofradio-tagged coho salnton in the Upper Copper River.
Fate

Description
Radio Failure A fish that *as ne

Subsistence (GSS) Fishery Morrality

Personal Usc (CSDN) Fisherv
Mortality

Sport Fishery Morrality

Spawnera

Upstrcam migrant

A fish harvested in the GSS fishery upstream ofthe N{ccanhy Road bridge-

A fish harvested in the CSDN f.islbridge. - -"^-" ""nery downstrean of the Mccarth) Road

A fish harvestcd in one ofthe spon fisherics.

A fish that entered a spawning tributary of the Upper Copper River.

1,f:l Il:.rn,,**,:O upsrream. !!as never reported as being harvestcd. and waserther located only in the mainster
uny,ur,".. un"..ij,";,il;;;il:fu.;::r:l"l:;:. "' was never rocatcd

Spawning areas of coho salmon were tabutated
by^ tributary and plotled on maps using GIS
software.

Distribution of Spawners

The propoftion of coho salmon returning to the

.rl_*nitlF 
tributaries of the Upper Coppi", River

were estrmated as the ratio of numbers of radio-
jl,*,t,,:1",1:n -lgr"rins. inro a spccific spawning

[]:rl1l"i 10 rhe 
.lorat number of raOio_raggei

lj:;.:11tv'"c and migraring inro ail ,pawiing
rn Dutanes.

]l]:_o"i'i-111,":'"ssins rare and hours of fishing
erron. taned b) day. To account for thii
::11l,9".each radio-ragged fish was assigned anumcnc 

.$eighl u,, corrcsponding lo lhe e flon
e),pendcd (h,). nunrbcr of fish caprured 1X,;, and

:T li,r b:l of 
.fish 

radio_tagged (r,) on a Bivcnoay.(/). the adjusted counl ()t fish radio_ra,-gged
on day t with fate/ was:
R',r= w,R,, (t)

where:

*.=l'll ",/Ll
\h )\ x,lx )

Among fish that suruived and migrated into
spa*ning areas. rhe proponion of fiih rhat had
rateJr was estimated as:

I
!p'

^ /-.-'tl

', - i',c; f- r?\IYp'Lt I)" tl
J l=j

Iil"_R: was rhe.number ot fish trgged on dav I

l1:::.1 ]r," 7. Variancc was esrimared using

l9:,:1rrp. resampling rcchniques lffron ani
I rDst||rant lgg3 t. Lach beiotstrap sanrple

comprised a simple random sample taken with
replacement I'rom the total number of a<ljusted
colrnts (Ra). l.rom each bootstrap sample the
proponion 0t sDa'vl ners r,"ilh .,.. Ja*ning tate i
( r , ) was calculated lbr a total of 1,000
bootstrap estimates.

I

Certain assumptions must
obtain unbiased estimates
distribution:

have been met to
of the spawning

1 Radio-ragging coho salmon did not ajfecl
their.finttl spar+,ni ng des tinqtiun.

-



'l'here was no expJicit test for this assu:nption
because rve cannot observe thc behavior of
unhandled. fish: however, there were no plausible
reasons lvhy radio-tagging would affect a tjnal
spawnlng destination.

2. Captured coho ,salmen were rudio_tagged in
proportion to the magnitude of the im or
tnere v)ere n0 diference in run liming
among sloclit.

The tagging protocol described was ilesigned to

!ltll,b"," rags Llver time proporlional to passage
ot coho salmon past lhe tagging sile.

Previous radiotelemetry studies on Chjnooksatmon hayc shorvn that stock_specific
differences in run riming can lead lo hiased
csrrmales ol spawning distribulion becaLrsc the
probabiliry of capturing fish ofren varies over
rrme {Savereide 2004). This bias can beco ected witlt adjustments to the distribution
estimales based on estimated btal passage.
tJsing passage, rather than CeUn, ls preferlJ
bccause CPUE may not vary rn proportron to
passage due to fluctuations in gear efficiency
rcsulting from changes in rivcr water levels andfish wheel placement. In this study no
inftrrmarion on rotal passage uas availahlc
therefore the abiliry to dctect and describe any
bias in the cstimates of spawning distribution
was not possible- It was assumed that the
magnitude of this bias was small rclativc to the
estrmate.

Stock-Specific Run Timing
Run-timing pattcrns were described as time_
density functions, where thc relatrve abundance
of stock/ (where stock was defincd as all coho
salmon returning to eithcr the Gulkana, l.azlina,
Klutina, lonsina, Chitina, or Upper Copper
drainages, which includes all rivers upstream of
lhe Gulkana Ri\er) locatcd upstrearn ol Halel( reek during time intcrval I B.ere described by(Mundy 1979):

J,ltl=---:r
!p'
/=t

wlrere;

,. , ., f,,, = the.ernpirical rernporal probabilitv
orslnbrrtton over lhe total span of the run lor fisir
spawnrng ln a fibutary (or portion thercol) /;and,

R',, = the subset of radio_tagged coho
salmon bound lor.tributary I that were caught
and tagged during day /.

T?s: llsh assigned a fare of ,.spawner,.
(Table 1) were used to deterrnine the time_
density functions.

The mean date of passage (1, ) nast the capture
:ite for. fish spawning in trihutary 7 uas
esltmated as:

'' 
-1"'Q)' Q)

lhe variance of the run timing distribution was
estrntated as:

v", (t \=\(t-; \z r t,\. \. 1, /i\: |.| J,vt. (5)

C"-.tuin urrrlnptions must be met to obtain
unbiased estimates of stock_specific run timing;
l. R_adio-tttgging coho salmc.tn did not affect

their migratory behavior (Jinal spoiring
destination).

Hardling and tagging havc been shown to delay
a_llsh's otherwise natural run timing (Bernard etal. 1999). To account tbr this potential delay,
the bcginning ol a radio_tagged fish,s run ,"ai
when the fish migrated past a radio tower located
approximatel) I km Lrpstreatn of tltc capture sirc.
I hc amounr of lime betwccn capturc and
migration past the radio tower was consiclered
the handling-induced delay.

2. Captured coho salmon were fttdio_
tagged in proporti.)tl to the magnitude o./.
the run.

The tagging protocol described was deslgnedto dislributc radio tags over time
propontonal to passage of coho salmon
past the tagging sitc.

(3)
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RESULTS
CAPTURE AND TAGGING

S:I r:,ri: were captured from AugLrst t5 ro

.t:p]:,] 
b* it. 2006. A rorat +.5 r2 coho satmon.zu-roo \ockele salnron. and 46 \leelhead were

ii,?rir.d: -Ot,'h:.4.5t: coho sctmon caprured,rvJ ucre.lrtled with radio tags and releascd. lheuz||){arcn ot coho salmein rlngcd fronr zero fis]rro 
.ouy-lrsh and the dail_v radio_tagging ratevaried from joh to 50Vo of utt .upi,ie.l" 

"ot,osatmon (Figure 3),

Farn DEtsnlr rNATtoN
The 

-combi 
nation of stajionary and aeriai trac kingrecnnrques accountcd for l00To ofthe radio tag!

'leployed. The detection ,ut.. of tl. tra"t i,rg
:l.ll?^- i" lhe 5pauning rrihrrrarres were t0004
( | aDte l).

,_- 
Table 2,-\umber and percenL of radio ta_rrs

::l::l:9.bt radio rracting sraiions an,l ,..iut ,u*el-*ror (ach tnbutar) u ith radio-taggcd coho .almon.

Th-re-e Jadio-tagged fish were never rcpofied as

:1::.:::'9 ll rocalcrl in a spauning rriburary
{ upstrcam migrant fale). zero llslr r.r.ere kno$.,) to
.::llil.."q in spon tisheries. and S: r 2t",") itihwere located in spawning areas (Table 3).

.'.Jlitrt;;ii1l'.lTidio-taggerJ coho sarmon in the

Fate_--' Radio r"-.
Kaoto I allur(
csDN Fishery Mortality 'f
GSS Fishery Morrality o
Sporr Fishery Monality 0Spawner 

E2
Upstream Migrant 

J

z,

$-

8.0

'7.0

6.0

5.0

14.0

'I otal
I05

D ls r nt I urr ox ot S pa wu r ns--

91,",1: 
,05 radio-taBged coho satmon. I 04 I.ishry:,?o, enlered the (.SDl{ fisher-v and 91 (gj9o)

:ln.d d1". fishery. Ten_radio tagged fish wereharvesred in rhe CTSDN (4) and GSS (6) fisheries.

100

Seventy-ninc percent of fish recorded
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Th,e daill 

^mdio 
ragging rarc (.r,/l, t and hours ol.

l,:1::g^ :ttu. (r,) varied b.r day rrabte 4r.
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In 2006, radio-tagged coho salmon were located
in l4 separate streams within the Chitina,
Tonsin4 and Klutina tributaries of the Upper
Copper River (Figures 5-7). The smaliest
propoltion of spawners retumed to the Tonsina
River (0.05) and the largcst proportion retumed
10 the Chitina River (0.80; Table 5).

_. Table S.-Spawning distribution of Upper Copper
River coho salmon by major drainage, 2006.

run timing because the daily radio tagging rate
and hours of fishing elfon varied by day.

Run{iming pattems at the capture site varied
slightly arnong the individual spawning stocks
(Figure 8), and the mean dates of passage at the
capture site were very similar, varying from
Septernber 6 for coho salmon bound for the Chitina
River to September 8 for coho salmon bound for
the Tonsina and Klutina rivers (Table 6).

, Table 6.- Sratistics regarding the run timing pasr
the caprure sile of the major coho salmon spawning
stocks in the Upper Copper River, 2006.

Chitina Tonsina Klutina
Number Radio-tagged

Proportion

SE

7)
0.80
0.1I

4

0.0s
0.04

7

0.15

0.10
Chitina Tonsina

SrocK-SpEcrFlc RuN TrMrNc
As wilh estimates of spawning disfibution,
weighted observations for indivitlual radio-
tagged fish (equation l) were used to describe

ll

First Fish
Last Fish
Duration (d)
Mean Date
SE

l7-Aug
25-Sept

39
6-Sept

6.29

6-Sept
l8-Sept

t2
8-Sept

J.6J

16-Aug
9-Sept

8-Sept
3.51

_'Figure5._Locationsofradio-taggedcohosalmono"t"ffi
River (. = radio-tagged coho salmony.
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-J[["":';Ti:llil;f 
tuoio-tu*t"o coho salmon detected from rfte aeriar survey in the ronsina River (ol
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I

-- ,.ttgu.a 
7.-Locations of radjo_tagged coho salmon detccted liom ,na 

"-radio-kgged coho salmon). Ja'rrrurr uctccteo lrom lhe aerial survey in the Klutina River 1r -
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30-Sep

*,ulrrure 
8,-nun-timing panems ofcoho salmon at the capture site for the nrajor stocks in the lJpper Coppcr

DISCUSSION
Thc goals of the study were to rlocument major
sp-awning locations and charactcrize run timing
of stocks.spawning within the maJor tributariesto identifl potential coho sport tishing
opponunitics in rhe Upper Coppcr Rivcr and ti
coltecl Inlormation to aid in designing fiiture
stocL.assessmenr studics. Spa\.tring disiriburion

:1.:ol: *,r:n.las retativety consistenr during
ootn years ol this stud). In both years cohi
-t.11.:n. 

**r: locared in .iust lhree major
tnbularies. the Chirina. Tonsina. and Klutina
rivers, and in both years the majority of radio-
tagged coho salnron w.ere located in ih" Chitinu
fjyer (O.St in 2006 and 0.67 in 2005: Savcreide

,O_t, 
t,, Simita.rtl, run timing panerns amone

rnese three slocks were rinrilar in that mean dati
oT passage 

_varied b1 only three oays in 2005
tsa!ereide 2007rand by only 2 dals in 2006,
The. results of this study indicated that sport
rrslrng opportunities for coho salmon are limjted
to areas within the (.hitina. fonsina- and Klurina

il",lli _ 
,ll srare\ide Spon Fish Harvesr SLrrveJ

Indrcatcs lhe majoriry of the coho spon lishing

occurs in the Jonsina drainage, lhis is becau:e
neart) all of lhe spauners in the fonsina
dralnage are located in the Little Tonsina River,
which is easily accessible fiom the Richardson
High*'ay; however, the majority of coho

ipll":F. i1 lhe t ,pper Copper River rakes ptacc
rn rhe.Chitina drainage and evcn though rhere is
a.road rei Mc('anh1 thal parallels lhe Chitina
Rrver. ncarl) all of the coho spawning strcams
are not easily accessible by foot.

Spawning distribution was similar in both 1,earsof.the study in that coho salnton were lound in
only the Chitina, Tonsina- and Klutina rivers,
but the proportions within each rjver varied
among years. Thus, it is likely that no one
system provides a consistent index of total upper
drainage escapement. Run timing patems were
sim,ilar arnong the rhree srocks, anj e.,.,ploiratiorr

9l Upper Coppcr River coho salnron slocls is

likely. 
very small 

.Thcretbrc, exploitarion ofan;
one slock is also likel), very small. Houcuer, il.
quannlaltve assessmenl\ of run strength are
desired in future years, it would be besilfthey
were conducted in the mainstem Copper River
dou,nstream from the Chitina River confluence.

-
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Although the project's planned objective criteria
were not mc1 in 2006, evidence suggests that
these three tributaries account for at lelit 90% of
coho salmon spawning in the Upper Copper
Krvcr ctrarnagc. To locare 90% of rhe iohosalmon spawning locations with 90%
lnn19:n.".- 

q6 radio_raqged coho salmon
(estabttshed lrom Vonte Carlo simulations)
needed to successfully migrate to their spawning
grounds. In 2005, a total of l0g radio_taggej
coho salmon were located u,ithin three rn-a]or
Uppcr Coppcr River spawning tflbutaries. In
rUUh. only 82 radio_tagged coho salrnon werc
lo-cated within the same three major spawning
tributaries. The decrease in succesiful spa*nini
migrants was an artifact of the deciease ii
sample size (122 in 2005 versus 105 in 2006)
and an increase in the number harvested (l in
2005 and l0 in 2006).

Other than a few occasions where the water
dropped substantialJy overnight, the fish wheels
opcrated altnosl conlinUously from Augrrst l5 to
Scptember 27 rTable 4). On Scprember l9 the
east side flsh wheel was stopped fbr the
remainder of the season because the flow was
too stow to push the baskets and the catches had
lropped to less than l0 coho salmon per da1
The abiliry to .fish throughout rhe eniire diy
ensured an ample amount of coho salmon would
be available for tagging. To ensure radio tags
were deployed ovcr tlte entire course of the run
tne tagging rate was decreased during the third
week of September. Unfonunately, the catches
dropped dramatically after this decision and the
sampling goal of 120 coho salmon was not
achieved. How.ever. a total of 105 radio tags
were dcployed and g2 of these tags were Jocated
on spawning grounds.

Inlormalion from the aerial tracking sunel and
tracking stations was used to determine the fate
of all radio-tagged fish and a spawning lare uas
asstgnud to 

.78% ol- thc tagged fish: houever,
oecause only onc suryey was conducted.
locatrons of radio_tagged fish may not have
corresponded to exact spawning sttes. lhus.
spa\rnlng distrihution was described b1 rnaior

liver !ra]naS1 wirh the assumption lhar thc radio_
ragBed ttsh located lhere spawned somcwhercwrlhll the drainagc. Within all lhree major
spawning drainages, some radio-tagged fish were

located in the glacially_occluded stretchcs of the
malnstem river; however for the same reason we
were unable to ascribc these a: spawning arcas.

The spawning distribution and run-timing
esrimates in this study were determined with thi
assumptions that the population was radio_tagged
rn a representative manner and that tagging did
not alter the fish,s behavior. The effects of
inserting radio tags into coho salmon on survival,
migratory behavior, and catchability are not fully
understood. 1'he proponion of radio_tagged coho
salnron lhat lailed to migrale upstrearn was l0o/o
(n -10). Allhough radio_ragged fish rhat lailed ro
mrgrate upstrea.nt were removed from estimation
of spawning distribution and run timing, a large
incidence of lailurc ma1 be indicallve of chronic
t)andling-induced eflccts in lhosc saltnon that did
mlgrale upsfeam,

Comparable studies on Chinook salmon in the
Copper, Stikine and Taku rivers have observe<i
sirnilar failure or retreat rates (Savereide 2003;
Savereidc 2004; pahlke and Bemard 1996;
nemard ct al. 1999). Even though the failure rate
observed 

.in this study was relatively low and
comparable to other studies, the central question
of.whether handling affects rnigratory bihavior
still remains.

Previous__studies have provided varying theories
on the effects.of radio tags on salnon mlgralron.
/vlonan,.and Llscom 975) suggested that spring
and tall run Chinook salmon can successlull)
migrate to their spawning grounds when fifted
Brth internal radio tags. In contrasl. Cray and
Haynes (1979) found that the proportion of
Chinook salmon fitted with internal radio tags
that-reiumed to their spawning grounds was

:l,qn',t'::.n'lI 
lcss than fish lagged uirh onty

spaglretti tags. 'fhe latter study concluded that the
maJorit-v. eiI unsuccessl ul m i grations *crc caused
Dy placrng thc radio tag into rhe posterior
stomach instead of just behind thc esophageal
sphincter in the anterior stomach. In addifi"on,
Bromaghin el al. (2004) revealed a positive
reralonshrp beiucen the amount of lime a taggcd
chtm O. keta salmon spent in a fish whecl,s ii"ve_
tank_and their probability of recapture. In otlter
words, tagged chum salmon had a higher
probabiliw of being recaptured the longer ;hey
spent in a live-tank before being tagged ani

-
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fii!1l;,Ii :X;#ti:",f ::,;,"fi ',T; ",, jilwheels were checked regularly to minimize theamount of time spent jn-the live-tank una ou"r-
_".o* ]ng_ .Only 2.8% (3 out of 105) of thc radio_tagged lish rhal lnigratcd lhrough lhe CSDNrrshery that uerc not knoun to b" iuaaat"d *=ra
:^.^::: 

l9*':,t.in a spawning rriburary. The:e
r-esutrs rmpty that conecrl; placed intemal radio
l.-s:_.un: 

proper handling tcchniquc, do nolnegalrvet) 
_aflecr nrigratory t.trauior. of conosarrnon.. 

.Becausc only fish rtu, ,u.....ruiif
mrgrated Into spauning slreams uere used toesumate spawning distrjbution and run timing. itr,as assumed rhar rhe probability rf,ar a raiio_tagged fis.h successfully migratej to , spa*ning
srrearn did not vary h-r. spar.r iing ,rock.
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ABSTRACT
In 2005, radiotelcnretry methods were used_to detemrine the majority ol spawning rocations of coho sarmon
l!'u'!t1"1,ut *ri'k' in rhe Upper copper River. Araska. c"rr" t"iJr"" were caprured with a fish wheer anddrfr nets in the nlainstern Coooer River below.Wood Canyon. e totoioil,zOt coho salmon *"." 

"uprr."Jf.on''15 August to 6 .ctober und r22 *.r" fitted with aiio ogr.--'Rudio-tagged tish w.ere tracked to upriverdestinations using a combination of ground-based ,*""ruing-"tution1--und aeriar tracking techniques. cohosalmon. in the upper cropper River 
-spa*,red in the chitin'a, Tonsina, and Kturina rivers. The estimateclproportions of lish spawning were 0.67 (SE='.1 l.) in tfr" C',;tin" niu"r; 0.22 (SE=0.09) in the .fonsina 

Rivor;and 0 l I (SE=0.07) in the Krutina Riv_e.r. Run-timingpun.rnr t"ri.J u"ry ,rightry among these spawning stocks.The mean date ofpassage past the capture site was l!i september fbr coio salrnon bound for the chitina River,21 scptember for coho sarnon bound for rhe Klutina Ri;.;, 
";; zi's""ii".ru", fbr coho sarmon bound for theTonsina River.

Key words: Coho salmon. Chitina. River, Copper River, Klutina River, radiotelemetry, run_timingpattenrs, spawning distribution, Tonsina River.

INTRODUCTION
The Copper River is a glacially dominated
system located in Southcentral Alaska and is the
second largest river in Alasra ln tefms ot
average discharge. lt flows south liorn the
Alaska. Rangc and Wrangell and Chugaoh
mountains and emptics into the Culf of Alalka.
slighily east of princc William Sound (Figure l.).'l-he Copper River drainage (61 .440 km)
supports spawning populations of coho salmon
Oncorhynchus trsarci, Chinook salmon O.
tshawytscha, and sockeye salmon 0. nerka as
r.lcll as rarious resident fish species.

Information on coho salmon in the Coppcr River
drainage lexcluding lhe Copper River deltat is
l|m c0 lo har\cst numbers. \ubsislcnce urcs. and
local area knowledge about distribution but no
fbrmal research has been conducted. Aerial
counts o1 coho salmon are conducted but this is
only for Cloppcr River delta stocks_

Coho salmon retuming to the Copper River pass
through commercial, subsistence, personal use,
and sport fisheries on the way to thcir spawning
grounds- The average annual coho salmoi
harvest lrom 1999-2003 was 315,43g fish in the
commercial fishery, 3,172 fish in the combincd
Glennallen subdistrict subsistence (GSS) and
Chitina subdistrict dip net (CSDN) personal use
fishe_ries, and 220 fish in thc sport hshe{, (nshe
ct a1. 2005; Taube 2006). The commercial
fishing schedrrle is csrabli"hed h) the depanlnenl
Dur drscussrons are held uith the prince William
Sound Salmon Ilarvest Task Force and the
public. ln 2004. the season began on 9 August

with a 24-hour opener. The fishery continued
rvith one 24ltour opener per w.eek until thc week
of 4 Septernber when two Z4-hour periods were
lished. During the wecks of lg and 25
September, the fishery opcned for two 36_holtr
periods because acrial escapemenr counts were
more than anticipated. The remaining tw.o u,eeks
had 156-hour opcners because expanded aerial
counts showed that delta stocks of coho salnron
were near the upper range of thc escapcment
goal and.there rvas little fishing effort due to lackot market. C)verall, tltere $,as a total of 13
fishing periods fiom 9 August to t0 C)ctober
with a total harvest of467,g59 coho salmon.
'lhe GSS fishcry is open from I June to 30
Scptembcr from the north side of the Chitina_
McCarthy Bridge to the village of Slana. The
majority of fishers use fish w.hcels to harvest
salmon, but dip nets and rod and reel are also
allowed. Federally qLtalifietl subsistence fishers
can use fish wheels within the CSDN tishcry and
thc seasorr runs from l5 May ro 30 Septcmber-
I lo\^cver. lhe slale-managed CSDN fishery
(rvhich accounts for nearly all ofthc total harveit
in thc 

.subdistrict) is strictly a tlip net fishery and
typically rms fronr carly Juni to the end of
September. The majority of the sport harvest
takes place in tributaries of the Tonsina and
Chitina rivers. where anglers are limited to rod
and reel gcar.

The overall goal of the study w.as to document
maJor spawnjng locations and characterize their
rcspective run timing to identify potential coho
sport fishing opportunities in the Upper Copper
River. Documenting spawning areas and the
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l'igure l.-Map of the Copper fuver drainage demarcating the capture site, major tributaries, eight radio
tower locations. and the commercial, pcrsonal use. and subsistence fisheries.



mtgralory run timing of the coho populations
would. 

.provide insight into the populations,
availabilitl ro spon fishing and forma]izc somc
(JI thcir populatjon dynam ics.

OBJECTIVES
1'he objectivc ofthis study in 2005 was ro:

l. estimate proportion ofspawners using
spawnrng areas accounting for 90% of
the spawning population of coho salmon

iqlhe tlpper Copper Rivcr drainage u,ith
900/o confidence.

METHODS
CAPTURE AND TAGGING

Coho salnrorr were capturecl using one alLrminumrsn \!heel localed on the ucst bank and b)
dipnetting from a river boat on the east bank ofthe Copper River below Wood Canl,on
(Figure.Z). The study was designed to capiure
and radio-tag 120 coho salmon usrng two lish
uhcels. but exrensire damage to one ol thc llsh
\\neets p or lo Ihe flcld scason forced the
sampling crew lo supplcment rhe single fish
uhcel b) djpnc ing frorn a rivcr boat. -Capture

Iocations werc selected based on their
effcctiveness at capturing Chinook salmon at the
sarne. locations in previous studies (Evcnson and
Wutrig 2000; Smith et al. 2003). The fish wheel(prorided b1 thc Narire Village ot.L.)ak) $a5
oepro)ed on I5 August and fished unril 6
October. The fish rvheel had one large live tank(4.3 m long r 1.5 m deep x 0.6 tn lide) wirh
baskers lhal fished in a minimum of 2,44 m (g
feet) of water, as desuibed in Smith et ;1.
(2003). 

_ 
The flsh wheel was operated 24 hours a

oay and seven days per week, however there
!\ere Instanccs rrhcre changcs in uater lcvel or
ttoatrng debris caused rhe r,!hcel lo stoF fishing.
Ihe fish whcel was checked at least three times-a
day unless large catchcs of sockeye or coho
salmon required more fiequent ohecks to
at tevlate overcro$ding.

for elery coho salmon captured and radio_
laggcd *as placed in a sampling cradle wilh
rresn \+ater. data collectcd includeL_r:

l) measurement of fish length to the nearcst
5 mm (F L);

2) radio tag fiequenc), and code;
3) FloyrM tag nuItrber and color;
4) date and time of release: and,
5) capture location (e.g., east or west bank).

A syslematic approach was taken in an attempt
to radio-tag coho salmon in proportion to rin
strength b) distributing radio tags based on daily
catches. lnitially, 1 out ofevery l0cohosalmon
was radio-tagged. To ensure that radio tags were
d:ploy".a over the entire run, the tagging rite was
adjusted periodicall), to meet temporal tagging
goals.

Radio tags were inserted through the esophagus
and into the uppcr stomach of coho salmon with
an implant device. The device was a J5-cm
piece olpollvinllchloride lpVCt rubing uirh a\ r on one end to seat Ihc radio tranimiltcr into
the end of the tube. Another smaller diameter
scctjon of PVC fit through the first tube acted as
a plunger to uDseat the radio tag. To ensure
propcr radio tag placemcnt. tags were inscrted jo
a standard depth equal to thc dislance from thc
snout to I cm posterior of the base of the
pectoral tin.

All radio{agged coho salmon also received a
uniquely numbere<l FloyrN{ FD_94 jntemal
anchor tag placed near the rear insertion of tlte
dorsal fin. The entire handling process required
approximately two to three minutes per fish,

RADIO-TRACKING EQUIPMENT ANI)
TRACKtNG pRocEDURES

Radio tags were Moclel l.ive pulse_cncodetl
transmitters ntanufactured by ATSI. Each radio
tag was distinguishable by its frequencl, and
cncodcd pulse pattern. Twelve frequencies
spaced approxinately 20 kHz aparr In the 149_
l -50 MHz range with up to I O enco<1ed pulse
patterns per ftequenc1, were used.

A total of eight statjonary radio-lracking stations
were used to record migrating radio_tagged coho

I 
edvanced Tetemetry Sysrems, Isanti, Minncsola. Use of rhis

illi""l;l'liTl,,trffi .Lltonstrture 
endorsement bur'|s rncruded

H



- - 
Figl"" 2-Map of the Copper River demarcating the fish whecl und dip n"t 

"uptu." 
l*ut[ni]1o1y", CsDx

fishery boundary, and field camp. 2005.



salmon (Figurc 1). Each station included two
deep-cycle battcries. a solar battery charging
array. an antenna switch box, a stecl housing
box, two Yagi antennas, and either an ATS
Model 5041 Data Collection Computer (DCC Il)
coupJed with an ATS Model 4000 receivcr or an
ATS Model R4500 (DCC ano recetver
combined). The units were programrred to scan
through 10 fiequencies at 2-s intervals, and
receive from both antenuas simultaneously.
When a signal of sufficient strength was
cncountered, lhe receiver paused for l2 s on each
antenna, and then tag frcquency, tag code, signal
strength, date, time, and antenna nulnber were
recorded on thc data logger. The rclatively short
cycle period minimized the chance that a radio-
tagged fish would swim past the receiver site
u'ithout being detected. Cycling through all
frequencies required up to I min dcpending on
the number of active tags in the reccption range
and level of background noise. Recortled data
was downloaded to a laptop computer cvery 7- l0
days.

'fhe flrst station was placed on the west bank at
the lower boundary of the CSDN fishery (below
Haley Creek; Figure I ) to detcrmine the total
number of radio{agged coho salmon that
sucoesstully migrated upstream of the capture
area. A second station was placed on the north
bank of the Chitina River approximately 6 km
upstream from its confluence rvith the Copper
River to identify fish bound fbr thc Chitina Civer
drainage. The third station was placed on a
west-side bluff of the Copper River immediatcll,.
upstream of the Chitina River and the McCarthy
Road bridge to identify fish bound for upriver
areas. Radio{agged fish entering the Tonsina,
Klutina. Tazlina. and Culkana rirers lvere
recorded from stations placed near the mouths of
these rivcrs. The last station was placed on tlre
mainstem Copper River approximately 2 km
downstream from the mouth of thc Gakona
River. 'lhis station was used to enumerate all
radioragged lish rnigrating to areas upstream of
the Gulkana River-

The distribution of radio-tagged coho salnron
was turther determincd by aerial tracking from
small aircraft. One aerial-tracking survey
(4days) of the entire drainage including the
mainstent Copper River was conducted after

completion of the fall migration. Tracking
flights wcre conductcd with one aircraft and one
person (in addition to the pilot) utilizing one
R4500 receiver. AII frequencies were loaded
into the receiver prior to each flight. Dwell time
on each frequency wa-s 2 s. Flight altitude
rangecl tiont 100 to 300 m above ground. Two
antennas, onc on each wing strut, were mounted
such that the antennas receivcd signals
perpcndicular to the direction of travel- Once a
tag was identificd, its fiequcncy. code, and GpS
location lvere rccorded by the receiver. The
purpose of the acrial tracking was to locate tags
in tributaries other than those monitored by
remote tracking stations. to locate fish that the
tracking stations failed to record, locate speciflc
spawning areas within a drainage. and to validate
that fish recorded on each data logger did
migmte into that particular strcam.

DATA ANALYSIS

Fatc Determination

Data lrom the tracking stations, aerial survey,
and tag retum infbrmation were usecl to
determine the final fhte assigned to each radio_
tagged fish (Table 1). A coho salmon was
assigned to a particular tributary if it was located
there during the aerial tracking survel, ancror
was idcntified by the tributary,s tracking station.

Identification of Spawning Areas

Radio-tagged coho salmon assigned a,,spawner,.
lale were used to idenlil'v spartning arca,
(Table l). Spawning arcas ofcoho salmon were
determined during one aerial survey conducted
jn carly Novcmber, Because only one survey
was conducted, locations of radiotagged lish
may not have corresponded to exact spa$,ning
sites (i.e.. lish may still havc been in transit to
spawnlng sile). Thercforc. spa*ning areas !'!cre
described as bcing within a particular stream as
opposcd to a particular stretch within a slreatn.
It wai anticipatcd that somc coho salmon would
spann in podions ofthe mainstem Copper River
and in sections ofglacial tributaries (e.g., Chitina
River). For thcse fish, it u,as difficult to
ditl'erentiate betwcen fish that were in a
spawnlng area and fish that were still tmnsiting
to a spawning area (i.e,, to a clear-water
tributary).



'Iable l.-List ofpossible fates ofradio_tagged coho salnron in the Upper Copper River.

Description

Radio Failure A fish that was neve. r.cord"ffi
Caus€s for^radio faijure includc tag regurgitation, firilure to transmjt. and
nanotlng effect5.

subsistence Fishery Mortality A tish harvested in the GSS fishery upstream ofthe Mccanhy Road bridge.

Personal use Fishery Mortality A fish harvested in the csDN fishery downstream of thc Mcctarthy Road
bridge.

Spon Fishery Mortality A fish harvested in one ofthe sport tisheries.

SpawncP A fish that entercd a spawning trjbutary ofthe Upper Copper River.

l']pstream nligrant A fish that migrated upstrgam, was never reported as being harvested, and was
either located only in the nainstcm Coppcr River, or"u.as n"u". io"ut*a
anywhere after rnigrating upstream of WoJCanvon.

a'Itteseradio-taggedfishw.ereusedtoidentii,,pu*,,lng@
stock-spccifi c run-tinrine.



Spawning areas of coho salmon were tabulated
by^ tributary and plotted on maps using GIS
software.

Distribution of Spawncrs

The proportion of coho salmon reumlng to the
spawnlng tributaries of the Upper Copper River
were estimated as thc ratio of numbers of radio_

lL*.f!.nrn mJgruting into a specific spawning
lnbula es to the lotal numhcr of radio_tapgcJlisi sr:niving and migraring into all spawirlng
tfl hutalles.

Thc,.1ai11 radio ragging rare antJ hours of fishinge orl (r,) varied h) da1. fhe count of fish

:cq:d:. day I having lalel (Rrl was adjusted
oy orrdrng b1 lishing effon rA,) and the rigging
rate (x.,rX1) where r, was the number of tsl iiOio
tagged and _{ u,.a-s the total number offish caught
on tlay l. The adjusted count was:

(v\R',=l:!R,, {,,\ n,x, )
Among tish that survived and mrgrated into
spawning areas. the propoftjon of f.i;h that hadiatej was estimated as:

I

(2)

There was no explicit test for thjs assumption
because we cannot observe the behavior of
unhandled fish. However, there wcre no
pl,rusible reasons r+hy a radio lagging would
arTect a ttnal spawning deslination,

2. Caplured coho salmon were radio_tagged irt
proportion to the magnitu(je of the-iun or
tnere \rere no d(Jbrence in run timing
amur& stocks.

Tic tagging protocol described was designed to

9:.lii,O*" 
lags over lime proporrional to passage

ot cotto 5alnlon pasj the tagging site.

Previous radiotelemetry studies on Chinook
saLmon havc shown that stock_speciflc
diflcrenccs in run timing can lead ro hiased
esttmates of spauning dislribulion because theprobabilitl of capluring fish oflcn varies orcrtrme (Savcrcide 2004). fhis bias can be
corrected with adjLrstments to the distribution
estimates based on estimated totul porruge,
I)sing passage, rather than CpUE, is p.ettr.iJ
hceaLrsc CPLE ma) nol var) in proportion to
passage due to fluctuations in gear eflciency
r_esulting liorn changes in river watcr levels andfish wheel placement. In this study no
information on tolal passagc wa5 a\ailable
thcrclorc lhe abilirl to dclecl and describe an).
bias in the cstimates of spawning distributio;
rvas not possible. It was assumed that thc
magnitude ol this bias was small relative to the
estimate.

Stock-Specific Run Timing
Run timing pattcms were descrrbed as time_
density functions, wherc the relatrve abundance
of.stockl (where stock was defrned as ail coho
salmon returning to either the Chitina, Tonsina,
Klutina, 'l'azlina, Gulkana. or Uppcr Copper
drainages, which jnclucles all rivcrs upstream of
I-.- 9rluq, Rivcr) localed upsrrcam of Halcy
Lreek duriJtg lime inter\al t uere descrihed by(Mundy I979):

Llt)= . a-
Yp'

where:

!p'

IIn',
where R,r was the number of f.ish tagged on day ihaving fate l. Variance was estimated using

9:ot:1tuO resampling rechniqucs (t.tion andrrbshrrant lgqj). F.ach bootstraf sample
comprised a sinrple randorn sample taken *,ith
replacement from the total numbcr of acljusted
counts (-Ru). From each bootstrap sample the
proporlron of spawners \rilh spauning fate /l/, ,) \ras calculrted fbr a tolal ol. I,U00
bootstrap cstimates.

Ceftain assumplions must have been met toobtain unbiased estimates of the spawning
distribution:

l . Radio-tugging coho salmon did not afl.ect
their Jinal spawning destination.

-

(3)



,. . ., 1,,,- rhe empirical temporal probability
distrihution over the total span ofthc run lor fis'h
spawnrng ln a tributary (or portion therco0 lland-

R',, = the subset of radio-tagged coho

lal1on h1u1d. 
'"or 

rriburary I that uere caughr
and tagged dLLring day /,

lr9s5 lsl assigned a fate of ,.spawner,,
(Table l) were used to determjne the tirne_
density functions.

The mean date of passagc (1, ) nu.t the capture
site fbr fish sparvning in tributary/ was estlmated
as:

''=1'''@' (4)

ths variance of the run timing distribufion was
esttmated as:

., / \ s/var \t , )= Llt _r ,1, f ,Q). i 5)

Certain assuinptlons must be met to obtain
unbiascd estimates of stock_specific run timing:
l. Captured coho salmon were redio_tagge'.I

tn proportiott to the magnitude of the rui.
The tagging protocol described was designecl to
distribute 

-radio tags over time proportional to
passage ofcoho salmon pasl tlte tagging site.

RESULTS
CAPTURE AND TA(;GING

Coho salm_on were capturcd tiom l5 August ro 6(|clober- 2005 A lotal 1.761 coho salmon,
4.{rot socke)e salrnon. and 5J steelhead wcre
captured. Of the 1,761 coho salnon captured,
i22 u,ere fined uith radio rags and relea.,ed. lhe
itatt] catch ofcoho salmon ranged lrorn zcro fish
ro 447^fish and lhe dail) radio_ragging rarevared fioln 2.0 ro l00o/o of all caplurcd coho
salmon (Figure 3).

tr'ATE DETERMtNATtoN

Thc comhination ol staLionary and aerial tracking
recnnrques accounted lor I0090 ol'the raclio tag!deployed. Detection rates of the hackin-g

starions in the spauning tribularies rangcd frorn
9l- 100% (Tabtc l),

,-^Table 2.-Number- and percent of radio tags

:.1..,"9 bi radio tracking stations and aerial survejs
lor each tnbular) with radio_tagged coho salmon.

Chitirra Torsina Klutina

I

Total Tags 73 2j 8

Stations 7t (97%) 25 (g3%) S ( 100%)

Aerial Suney 52(7t%) 25 (93%) '7 (BS%)

l;ateffi

Of the I 22 radio-tagged coho sahon, I 13 fish
(gJ0/o) enlered the CSDN fishery and | | 1 9lonS
exrted thc fishery, Two_radio taggcd fi:h werc

lT-..:,:d in thc ('SD\ tishcry and retumed lo
n uf dau. Ihrce radio_tagged h-sh werc nevcr
reported as harvested or localed in a spawning
tributary (upstrcam rnigrant fate), zero fish were
known to be harucsted in subsistence fish
whecls, zero lish were known to be harvested in
sport fisheries, and l0g (g9%) fish were located
rn spawnlng areas (Table 3).

. . Table J.- farcs of radio-ragged coho salmon in the
Upper Lopper River, 2005.

CSDN |ishery N.tortality
CSS Fishery Mortaliry
Sport Fishery Mortality
Spawner

Upstream Migrdnt

Toral

2

0

u
r08

3

122

DtsrRtBUTroN oF SpAwNERs

Ninety-eight percent of fish rccorded between
the..capture. site 

_and 
the Haley Creek tracking

station reached the CSDN fishery in 3 days oi
l-es: and g006 migrared rhrough thc C-SD\
trsher) In 5 days or less (Figure 4.,.

Th€ dailv-radio laggil)g rare 1x,/.{1 and hours of
rrsDrng eltorl (&,) varicd h1 da1 lTahle 4.1.
therelore. cqrration I was uscd lo calculate
weights for radio-tagged fish on day I and
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Tablc,l.-Fish wheel (FW), dip net (DN). and total (i,) hours fished, coho salmon captured (X,), coho salmon
radio-taggcd (x,), and tagging rate (;r,/X,) by day,2005.

Caplured Radio-tagged t agging Ratc
Darea l'\\' I tours D\ Hours h, (.y,) (.r., ir, t{,)

28-Aug

30-Aug
31-Aug

I -Sep

2-Scp
3-Scp
4-Sep

8-Sep

l0-Sep
I l-Sep
l2-Sep
l3-Sep
l4-Sep

l6-Sep

l7-Scp
l8-Sep
l9-Sep
20-Sep

2l-Sep
22-Sep

23-Sep

24-Sep

25-Sep

26-Sep

27-Sep

28-Sep

30-Sep

l-Oat
2-Oct

-l-Oct
4-Oct

-5-Oct

6-Oct

24.0

0.0

6.5

24.0
24.0
24.0

24.0
2i.5
23.8
24.0
24.0
24.0
24.0
24.0

24.0

9.0

24.0
21.0
21.0
21.0
22.0

24.0

23.3

24.0

23.6

24.0
24_0

24.0
24.0
16.0

24.0
23.4
24.0

24.0

24.0

21.0
24.0
21.0
13.0

24.0
24.0
26.5

t7.0
25.3

23.4

24.0
24.0
24.0
23.1

8.0%
100.0%

5.5yD

3.tyo
4.3Vo

3.4Y.
2.0%

12.80/o

7.5Yo

15.y/o
15,6%
20.0.)/o

7.1vo

4.8yo

16.704

I _s.0%

l2.OYo

23.lYo

33.3'/o

50.0v.
100.0%

50.0%

0.0

0.0

0,0

0.0

0.0

0.0

0.0
0.0
0.0
2.0

t.8
0.0

2.0

0.0

2.0

0.0

1.8

4.0
2.0

2.5

0.0

t.0
2.0

2.0

0.5

0.0

0.0
0.0
0.0
2.5

1.0

1.3

0.0

0.0

0.0

0.0

0.0
0.0
0.0
0.0
0.0

t07
44

32

20

52

62

12

2u

25

13

2

I
4

5

E

10

9

t0
8

7

5

4

4

3

2

3

3

3

3

I

I
2

24.0 |

0.0 0

6.5 0

24.0 0

24.0 4

24.0 18

24.0 4

23,5 17

23,8 l

26.0 6
2s,8 |

21.0 5

26.0 3

24.0 6

26.0 ,l

9.0 0

25.8 6 2

28.0 I I

r 100.0%
0 0.0%
0 0.0%
0 0.0%

2 50.0%
2 | t.ty.
2 50.00/0

| 5.9yo

0 0.0%
2 33.3%
I 100.0%

2 40.0yo

2 66.7yo

2 33.3%
2 50.Oy.

0 0.0%
13.3%

r 00,0%
26.0 12 2 t6.7Yo
l().)
22.0 I

25.0 73

25.5 163

?5.3 t86
24.5 296
23.6 441

24.0 78

25

24.0 9

24.0 2

24.0 |

13.0 4
a Fishing began on l5 August but no coho salmon were captured until 27 Augusr.



equation 2 u'a-s used to estimate the proportion of
fish with fateJ.

In 2005, mdio{agged coho salmon were rocarcd
in l7 separate streams within the Chitina,
Tonsina, and Klutina lributaries of the Uppcr
Copper River (Figurcs 5-6). lhe smallest
proportion of spawners returned to the Klutina
River (0.1 I ) and the largest proportion returned
to the Chitina River (0.67; Table 5).

Table 5,-Spawning disrribution of Upper Copper
River coho salnron by major drainage.200-5.

Klutina
)'lumber
Radio-tagged

Proportion

SE

STocK-SPECIFrc RuN TtM rNc

As with estimatcs of spawning distribution,
weighted observations for individual radio-
tagged fish (equation l) were used to describe
run timing besause the daily radio tagging mte
and hours of fishing cffort varied by day.

Run{iming patterns at the capture site varied
slightly among the individual spawning stocks
(Figure 7). The mean date of passage at the
capture site varied fiom l9 Septernber for coho
salmon bound for the Chitina River to 22
Scptember for coho salmon bound for the
Tonsina River (Table 6),

Tahle 6.-Slatisrics regarding rhe run Liming pasr
the capture site of the major Upper coho salmon
spawning stocks in the Copper River, 2005.

Tonsina

throughout the day couplcd with daily dipnetting
allor.ved us to achievc our sampling goal and to
sample fish migrating past the capture site at
diff'erent times of the day. Even though one fish
wheel provided ample coho salmon for tagging,
a second fish wheel on the oppositc bank would
ensure an equal amount of tags could hc
deployed lrom each side of the river. The
unused damaged fish wheel was removed ftom
the water in late September and shipped to
Cordova for repairs in preparation for next
season.

Information from the aerial tracking survey and
tracking stations was used to detemtine thc late
of all radio-taggcd fish and a spawning fatc was
assigned to 89% of the tagged fish. Ilowcver,
because only one survey was conducted,
locations of radio{agged fish may nor nave
corrcsponded to exact spawning sites. Thus,
spawning distribution was described by major
river drainage with the assunption that the radio-
tagged fish located there spawned somewhcre
within the drainagc. Within all three maior
spawning drainages. some radio-tagged tish were
located in the glacially-occluded stretches of the
mainstem river, however for the same reason wc
nere rlrahle to ascrihe these as spa\\ning areas.
In 2006. to improve the accuracy of dcscribing
spawning distribution within a drainage, an
additional acrial sur.vey (4 days) will be
conducted.

Thc spawning distribution and run-timing
estimates in this study rvere determined with the
assumptions that the populalion was radro-
Iagged rn a rcpresentative manner and that
tagging did not alter the fish's behavior. The
effects of inserting radio tags into coho salmon
on survival, migrator) behavior, and catchabilitv
are nol lull) Llndcrstood. t hc proponion of
radio-tagged coho salmon that failed to migrate
upstream was 7% (n-9). Although radio-tagged
fish that failed to migrate upstream were
removed from estimation of spawning
distribution and run timing, a large incidence of
lailure mar' be indieative of chronic handling-
induced cflects in those sa]mon that did migratc
upstream. Clomparablc studies on Chinook
salmon in the Copper, Stikine and Taku rivers
havc observed similar failure or rerrear rates
(Savcreide 2003; Savereide 2004: pahlke and

Chitina

tJ.o /
0.06

2'7

o.22

0_05

8

0.|l
0.04

First I;ish

Last Irish
Duration (d)
Mean Date

SE
l9-Sept

5,.11

22-Sept

4.04
2l-Sept

i ,49

27-Aug 7-Sept l9-Scpt
5-Oct 2-Ocr 26-Scpt

'lq )5 '7

DISCUSSION
Other than a few occasions whcre tlte watcr
dropped substantially ovcmight, thc fish wheel
operated almost continuously t'rom l5 August to
6 October (Table 4). The ability ro fish

t2
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Figure S.-Locations of radio-tagged coho salmon detected from the aerial survey in the Chitina River (e =
radio-tagged coho salmon).
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100%

U

28- Sep

Dite Past Capture Sile

Figurc 7,-Run-timing patterns of coho salmon at the capture site lbr thc major stocks in the Upper Copper
River.2005.

7-Scp l4-Sep

Bcrnard 1996; Bemard et al. 1999). Flven
though the failure rate observed in this study
was low and comparable to other studies, the
central qucstion of whether handling affects
migratory behavior still rernains.

Previous studics have provided varying
theories on the cffects of radio tags ofl salmon
migration. Monan and Liscom (1975)
suggested that spring and fall run Chinook
saln')on can successfully migrate to their
spawning grounds when fitted with intemal
radio tags. In contrast, Cray and Haynes
(1979) found that the proportion of Clhinook
salmon fitted with internal radio tags that
returncd to their spawning grounds was
significantly lcss than fish tagged with only
spaghetti tags. The latter study coltcluded that
the majorit) of unsuccessful migrations were
caused by placing the radio tag into the
posterior stomach instead of just behind the
esophageal sphincter in the anterior stomach.
In addition, Bromaghin and Underwood (2004)
revealed a positivc relationship between the

- 

chilina

- 

lonsira

2l -Sep

amount of time a tagged chum O. kete salmon
spent in a lish wheel's live-tank and their
probability of recapture. In other words,
tagged chun salmon had a highcr probability
of being recaptured the longer the), spcnt in a
live-tank befbre being tagged and released. In
this study radio tags were placed in the anterior
stomach of coho salmon and fish wheels u.ere
chccked regularly to minimize tlte amount of
tinre spent in the live-tank and over-crowding.
Only" 2.'70/o (3 out of 122) of the radio{agged
tish that migrarcd through the csDN fishery
tlrat were not known to be harvested were
never located in a spawning tributary. These
results imply that correctly placcd intemal
radio tags and proper handling techniqucs do
not ncgatively affect migratory behavior of
coho salmon. llecau\e onl) lish thal
successfully migrated into spawning streams
were used to estimate spawning distribution
and run timing, it was assumed thal the
probability that a radio-tagged fish
successfully migrated to a spawning stream did
not vary by spawning stock.

I l-Aug
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To locate 90% of the coho salmon spawning
locations with 90olo confidencc a total of 96
radio-tagged coho salmon (established from
Monte Carlo simulations) needed to
succcssfully migratc to their spawning
grounds. In 2005, a total of 108 radiotagged
coho salmon were located on l7 separate
streams within three major Upper Copper
River spawning tributaries. Based on the
results, at least 900/0 of the ooho salmon
spawning occurs in the Chitina, Tonsina, and
Klutina rivers. Estimates of the spawning
propofiion in each tributary revealed the
Chitina River supports the largest percentage
(66%) of the total escapement whereas the
Klutina River supports the smallest ( I lo4).
This information supports thc local resident's
and area manger's previous knowledge and the
but it has never been officially documented
until now,

The Statewide Sport Fish Harvest Survcy
indicates thc majority of the coho spoft fishing
occurs in thc Tonsina drainage. This is
because ncarly all of the spawners in the
Tonsina drainage are located in the Little
Tonsina River which is easily aocessible from
the Richardson Highway. ln contmst. the
majority of coho spawning in the Upper
Copper River takes place in the Chitina
drainage and cven though there is a road to
McCarthy nearly all of the coho spawning
streams are not easill accessible by foot.

Haruest repofts from the CSDN fishery
suggested tlrat coho salmon would be
migrating past the capture sitc in early August
(Figure 3); however, coho salmon rveren't
captured until 27 August and substantial
numbers didn't appear until mid-September.
This deJay in typical migration was likely an
artifact of the high-water observed in August.
As the river began to drop toward the end ol
August, coho salmon holding in the lowcr river
startcd to appear in the tish wheel and dip ncts-

The migratory run timing patterns of coho
salmon past the capture site were very similar
1bf the three major tributaries with coho
salmon bound for the Chitina and Klutina
tdbutaries passing slightly earlier than those
bound for the Tonsina River. This is in

contrast to the run timing patterns exhibited
by Upper Copper River Chinook salmon which
exhibited distinct run-tirning patterns among
stocks, where upriver salmon stocks migrated
into thc river before downriver stocks
(Savereidc 2004).
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