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ABSTRACT
In 2006, radiotelcmetry mcthods werc used to find the majority of spaw.nrng rocations of coho sarmo'oncorhynchus ki'tutcl in the Upper Copper River. Alaska. Coho saimon were captured with two fish wheels ;rtlre mainstem copper River berow wood canyon. A totar of4,5rz coho sarmon were captured from a"g"Jisto september 27 and 105 were fitted with radio tags. Radio-tagged fish were tracked to upriver destinationsusi[g a conrbination of ground-based receiving statlons und aeiial tracking techniques, ctoho salrnon in iie
Upper Copper River spa*ned in the Chitina, Tonsina, and Klutina rivers. The estimated proportions of fishspawning were 0.80 (SE=0.1 t) in rhe Chitina River; 0,05 (SE=0.04) in the Tonsina River; ond O.iS 1SE_O.iOj inthe Kiutina Rlver. Run-timing paftems varied onry srightly among these spawnlng stocks. The mean date ot.passage past the capture-site was september 6 for coho salmon bound for thi chitinJ River and september g fbrcoho salmon bound for the Klutina and Tonsina rivers.

Key words: Coho salmon, Chitina River, Copper River, Klutina River, radjoteiemetry, run_timing
pattems, spawning distlibution, Tonsina River.

INTRODUCTION
The Copper River is a glacially dorninatecl
systcm |ocated in Southccntral Alaska and is the
second largest river in Aiaska in terms of
average discharge. It flows south fiom the
Ala-ska Range and WrangelJ and Chugach
mountains and empties into the Gulf of Alaska,
slightly east of Prince William Sound (Figure 1).
The Copper River drainage (61,440 kmr)
supports spawning populations of coho salrnon
Oncorhynchus kisutch, Chinook salmon O.
tshawytscha. and sockeye salmon O. nerka as
ucllas various residcnt fish species.

Coho salmon returning to the Copper River pass
through commercial, subsjstence, personal use,
and spoft fisheries on the way to their spawning
grounds. 'lhe average annual coho salmon
harvest from 2001-2005 was approximately.
370,000 fish in the commercial fishery and 2,80b
fish in the combined Glennallen subdistrict
subsislcnce (GSS), Coppcr River subdistrict
subsistence, and Chitina subdistrict dip net
(CSDN) personal use fisheries (Ashe et al. 2005;
Taube 2006). Port fisheries occur in streanrs of
the Coppcr River Dclta and, to a lesser extent, in
the Upper Copper Rivcr.

The commercial fishing schedule is established
by the Alaska Departmcnt of Fish and Came bur
rnseason consultations with the prince William
Sound Salmon Harvest Task Irorce and thc
public are conductcd to refine and modify the
schedule.

The GSS fishery is open from June I to
Septembcr 30 from the north side of the Chitina_
McCanhy Bridge to the village of Slana. .lhe

majority of fishers use fish wheels to harvest
salmon. but dip nets and rod and reel are also
aJlowed. Iredcrally qualifi ed subsistcnce fishers
can use llsh wheels within the CSDN fishery and
thc season runs from May 15 to September 30;
however, the state-managed CSDN tishery
(which accounls for nearly all ofthe total harvest
in thc subdistrict) is strictly a dip net fishery and
typically runs from early -lune to the end of
September. In the Upper Copper River. the
majority of thc sport harvcst takes place in
tributaries of the Tonsina and Chitina rivers,
where anglers arc limited to rod and reel gear.

Escapement of coho salmon in the Copper River
is indexed annuallv by aerial survey counts of
nulrerous spawning tributaries in the Copper
River Dclta. A sustainable escapement goiJ of
32,000-67.000 in t5 delta rdbutaries was
established in l99l (Bue et al. 200?). The
commercial fishery, which accounts for thc
majorit), of thc total annual harvest, is managed
for this goal; however, there is virtually no
information on coho salmon escapcmenn or
distribution in the Upper Copper River drainage,
nor is thcre intbrmalion available regarding their
relatlve contribution to the commcrcial,
subsistence and sport fisheries that occur in and
around the Copper River Delta.

A goal of the study was to documcnr ma1or
spawning locations and characterize run tjming
ofstocks spawning within the major tributaries

-
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Figure l.-Map of the Clopper River drainage demarcating the capture site, major tributaries, nine radio

tower locations, and the commercial, personal use, and subsistence fisheries.



to identif-v potential coho sport fishing
opportunities in the tJpper Copper River. ln
addition, this information was collected to aid in
designing future stock assessment studies. fhis
report documents the second and final year of
this study.

OBJECTIVES
The objective ofthis study in 2006 was to:

l. identiiy spawning areas accounling for
90% of the spawning population of coho
salmon in the Upper Coppcr River
drainage with 90% confidence.

METHODS

CAPTURE AND TAGGING

l) Coho salmon were captured using two
alurninum fish wheels located on the east

and west banks of the Copper River
belolv Wood Canyon (Figure 2).
Capture locations wcre selected based on
their effectivencss at capturing Chinook
salmon al Lhc samc localior)s in previous
studies (Evenson and Wuttig 2000;
Smith et al. 2003). The fish wheels
(provided by the Nativc Village of Eyak)
were activated on August 15 and fished
until Septembcr 27. The west-side fish
whcel had one large live tank (4.3 m
long x 1.5 m deep x 0.6 m wide) with
baskets that fished a minirnum water
depth of 2.44 m (8 f'eet), wherezu the
easfside fish wheel had two live tanks
(4.3 rn long x 1.5 rn deep x 0.6 m wide)
u'ith baskets that fished a minimum
water depth of 3.05 m (10 fcct), as

described in Smith ct a]. (2003). The
fish rvheels wcrc operated 24 hours a day
and seven days per week; however, there
were instances rvhere changes in watcr
level or floating debris caused the whecl
to stop lishing. The fish wheels were
checked at least three times a day unless
large catches of sockcyc or coho salmon
required morc frcquent checks to
alleviate overcrou'ding.

For evcry coho salmon captured and radio-
tagged, data collected included:

I ) measurcment of fish length to thc nearest

5 mm (FL);

2) radio tag tiequency and codc;

3) FloyrM tag number and color:

4) date and time ofrelease; and,

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

A systematic approach was taken in an attempt
to radio{ag coho salmon in proportion to run

strength by distributing radio tags based on daily
catchcs. To ensure that radio tags were dcployed
ovcr the entire run, the tagging rate was adjusted
periodically to meet temporal tagging goats.

Radio tags were insefted through the esophagus

and into the upper stomach of coho salmon with
an implant device. l'he dcvice was a 35-cm
piece of polyvinyl chloride (PVC) tubing with a

slit on one end to seat the radio transmitter into
the end of thc tube. Another snraller diameter
section of PVC fit through the first tube acted as

a plunger to unseat the radio tag. To cnsure
propcr radio tag placement, the dislance bctween
0.I cm posterior from the base of the pectoral fin
to the tip of the snout was used to determine how
far to insert the implant device into the fish.

All radio-tagged coho salmon also received a

uniqucll ni-mbered FIoyrv FD-g4 intcmal
anchor tag placed near the rear insertion of the

dorsal fin. The entire handling process rcquired
approximately two to three minutes pcr fish.

RADIO-TRACKING EQUIPMENT AND

TRACK|NG PRocEDURES

Radio tags were Model Five pulse-encoded

transmitters manufactured by ATS'. Each radio
tag rvm distinguishable by its lrequency and
encoded pulse pattem. Twelve fiequencies
spaced approximately 20 kHz apart in the 149-

I50 MHz range witlr up to l0 encodcd pulse
patterns per fiequency were used.

A total of nine stationary radio-tracking stations
were used to record migrating radio-tagged coho
salmon (Figure 1). L,ach station included two

I ,trJranced Telemetry Systcms. lsanh, l\linnesota Use of this

compan,v namc docs not constitute endorsemenl, but is includcd
for scienrific complctencss



Figure 2.-Map of the Copper River demarcating the fish wheel capture locations, lower CSDN
boundary, and freld camp, 2006.



deep-cycle batteries, a solar array, an antenna
switch box, a steel housing box, two Yagi
antennas. and either an ATS Model 5041 Data
Collcction Computer (DCC ll) coupled with an
ATS Model 4000 receiver or an ATS Model
R4500 (DCC and receiver combined). The units
were programmed to scan through the fiequencies
at 2-s intervals. and rcceive from both antennas
simultaneously. Whcn a signal of sufficient
strength was encountered, thc receiver paused for
12 s on each antenn4 and then tag frequenc), iag
code, signal sfiength, date, time, and antenna
number were recorded on the data logger. The
relatively sho( cyole period minimized the chance
that a radio-tagged fish would swim past the
receiver site without being detected. Cycling
through all frequencies required up to 1 min
depending on the nurnber of active tags in the
reception riurge and level of background noise-
Recorded data were do$nloaded to a laotoD
computcr cvsry 7-10 days.

Thc first station was placed on the west bank at
the lower boundary of the CSDN fishery (below
Haley Creek: Figurc 1) to determine the total
number of radio{agged coho salmon that
successtully migrated upstream of the capture
area. Tlre second station was placed at Obrien
Creek which is a popular location to 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
confluence with the Copper River to identify fish
bound for the Chitina River drainage. The fourlh
station was placed on a west-side bluff of the
Copper River immediately upstream of the
Chitina River and the Mccarthy Road bridge to
identif fish bound for upriver areas. Radio-
taggcd fish entering the Tazlin4 Tonsina,
Klutina. and Culkana rivers were recorded fiom
stations Dlaced ncar the mouths of these rivers.
The last station was placcd on the mainstem
Copper River approximately 2 km downstream
from the mouth of the Gakona River. This
station was used to enumerate all radio-tagged
fish nigrating to areas upstrcam of the Gulkana
River.

The distribution of radio{agged coho salmon
was further determined by aerial racking from
small aircraft. One aerial-tracking survcy (4
days) of the entire drainage including the

mainstem Copper River was conducted after
completion of the fall migration. Tracking
flights were conductcd with one aircraft and one
person (in addition to the pilot) utilizing one
R4500 receiver. AJJ frequencies wcrc loaded
into the receiver prior to each flight. Dwell time
on each frequency was 2 s. Flight altitude
ranged from 100 to 300 m above ground. Two
H-antennas, one on each wing strut. *'ere
mounted such that the antennas received signals
perpendicular to the direction of travel. Once a

tag lvas identified. its fiequency, code, and GPS
location were recorded by the receiver, The
purpose of the aerial 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 specilic
spawning areas within a drainage, and to validate
that fish recorded on one of the data lossers did
migrate into that particular stream

DATA ANALYSIS

Fate Determination

Dala from the tracking stations, aerial survey,
and tag retum information were used to
determine the final fate assigned to each radio-
tagged fish (Table l), A coho salmon was
assigncd to a particular tributary if it was located
there during the aerial tracking survey and/or
was identificd by the tributary's tracking station.

Identification of Spawning Areas

Radio-tagged coho salmon assigned a "spawner"
fatc uere used to identity spawning areas
('table l). Sparvning areas of coho salmon were
determined during one aerial suruey conducted in
mid-October. Because only one survey wa*s

conducted, locations of radio-tagged fish may not
have corresponded to exact spa\,lning sites (i.e.,
fish may still have been in transit to spawning
site). Therefore, spawning areas wcre described
as being within a particular stream as opposed to a
particular stretch within a stream. It was
anticipated that some coho salmon would spawn
in ponions of the mainstem Copper River and in
sections of glacial tributaries (e.g., Chitina Rivcr).
For these tish. it was difficult to differentiate
between fish that were in a spawning area and fish
that were still transiting to a spawning area (i.e., to
a clear-water tdbutary).



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

Description

Radio Failurc A fish that was never recorded swimming upstream into the CSDN fishery.

Subsistence (GSS) Fishery Mo ality A fish harvcsted in the CSS fishery upstream ofthe lltcCarthy Road bridgc.

Personal Use (CSDN) Fishery
Modality

Sport Fishery Mortality

Spawnets

tjpstream migrant

A lish harvested in the CSDN fishery downstream of the Mccarthy Road
bridge.

A fish harvested in one ofthe sport fisheries.

A fish that entered a spawning tributary ofthe Upper Copper River.

A fish that migrated upstreamj was never reported as being harvestgd, and was
eithcr located only in the mainstem Copper River, or was never located
anyrvhere after migrating upstream of Wood Canyon,

a These radio-tagged fish were used to identifli spawning tributaries and estimate spawning distribution and
stock-specifi c run-timinu.

Spawning arcas of coho salmon were tabulalecl Among fish that survivcd and migrated into
by tributary and plotted on
sottware.

Distribution of Spawners

The proportion of coho salmon returning to the
spawning tributaries of the Upper Copper River
wsre estimated as the ratio of numben of radio-
tagged fish migrating into a specific spawning
tributaries to the total number of radio-tagged
tish surviving and rnigrating into all spawning
tributaries.

The daily radio-tagging rate and hours of fishing
eflort varied by day. To account for this
variation. each mdio-tagged fish was assigned a
numeric weight r.r,, corresponding to the effort
expended (l1), nurnber of fish captured (,y,), and
the number of fish radio-tagged (t) on a given
day (1). l he adjusted count of lish radio-tagged
on day / with fate j was:

R",=w,R,
where:

- =(L\(!4\' \h, )\ x,lx )

maps using GIS spawning areas, the proportion of fish that had
t-ate7 was estimated as:

!p'
P-'-l'/ fares r \Lt

TT p'
ZrZr" 4
I t-l

where R, was the number of fish tagged on day /
having tate 7. Variance was estimated using
bootstmp resampling techniques (Efron and
Tibshirani 1993). Each bootstrap sarnple
comprised a simple random sample taken w.ith
replaccment fiom the total number of adjusted

counls (Rr). From each bootstrap sample the

proportion of spawners with spawning fatc.l
1P',; was calculated fbr a torat of l,000
bootstrap estimates.

Certain assumptions must have been met to
obtain unbiased cstimates of the spawning
distribution:

L Radio-tagging coho salmon did not olfect
lheir final spawning destindtion.

(1)



There was no explicit tcst for this assumption
because we cannot observc the behavior of
unhandled lish; however, there were no plausible
reasons wh1, radio-tagging would affect a final
spawning destination.

2. Captured coho salmon were radio-tagged in
prop(,rtion to lhe magnitude of the run or
there were no difibrence in run timing
among stocks.

Thc ragging protocol described was designed to
distributc tags over time proportional to passage
of coho salmon past the tagging site,

Previous radiotelemctr) studies on Chinook
salmon have shown that stock-specific
dill'erences in run timing can lead to biased
estimates of spawning distribution because the
probability of capturing fish often vanes over
time (Savereide 2004). 'fhis bias can be
corrected with adjustments to the distdbution
estimates based on estimated total passage.
Using passage. rather than CPLJIT. is pref'erred
because CPUE may not vary in proportion to
passage due to fluctuations in gear cfficiency
resulting from changes in river water levels and
fish whccl placement. In this study no
information on total passage was availablc
thereforc the abilitl, to detect and describc any
bias in thc estimates of spawning distribution
was not possible. It was assumed that the
magnitude of this bias was small relative to the
estimate-

Stock-Specific Run Timing

Run timing patterns were dcscribed its time-
density functions, wltere the rclative abundance
of stockJ (where stock rvas defincd as all coho
salmon returning to either the Gulkana, Tazlina,
Klutina, 'l'onsina, Chitina, or tlppcr Copper
drainages, which includes all rivers upslrcam of
the Gulkana River) located upstream of Haley
Creek during time interval I were described by
(Mundy 1979):

Dl

f ,Q)=-L
TB'
/)" tl
t=l

where:

J; @ = the empirical temporal probability
distribution over the total span of the run for fish
spawning in a tributary (or portion thereoO l;
and,

R', : the subset of radio-tagged coho

salmon bound for tributary J that were caught
and tagged during day /.

l'hose fish assigned a firte of "spawner"
( I able 1) were used to determine the time-
density functions,

The mean date of passage (1, ) Oast the capture

site for fish spawning in trihutary .l was
estimated as:

t, Lt J,\! )' (4)

tl.r" uiriun"" of the run timing distribution was
estimated as:

/ \ F/ _ \.I'ar lt l=)_lr-t ,l'J,\tl. (.s)

C".tuin 
^rrinptions 

must bc met to obtain
unbiased estimates of stock-spccific run timing:

L Radio-tagging coho salmon did not afecl
their migralor)' hehuvittr (final spawning
destinalion/.

Handling and tagging havc been shown to delay
a fish's otheNise natural run timing (Bcmard et
al. 1999). To account for this potential delay,
the beginning of a radio+agged fish's run was
when the fish nigrated past a radio tower locatcd
approximatel)' I km upstream ofthe capture site.
The amount of time between capture and
migration past the radio tower wirs considcrcd
the handling-induced delay.

2. Cuplured coho salmon were radio-
tagged in proportion lu lhe m]gnitude of
the run.

'l'he tagging protocol described was designed
to distribute radi,.r lags over tinte
propofiional to passage of coho salmon
past the tagging site.

(3)



RESULTS
CAPTURE AND TAGGING

Coho salmon were captured from August 15 to
September 27, 2006. A total 4,5 l2 coho sahnon,
20,366 sockeye sahnon, and 46 steelhead were
captured. Of the 4,512 coho salmon captured,
105 u'ere litted with radio tags and released. The
daily catch of coho salnron ranged frorn zero fish
to 609 fish and the daily radio-tagging rate
varied from lTo to 50To of all captured coho
salmon (Figure 3).

FATE DETERMINATION

The combination of stationary and aerial tracking
techniques accounted for 100% of the radio tags

deployed. 'l'he detection rates of the tracking
stations in the spawning tdbutaries were 10004
('l'able 2).

Table 2,-Number and percent of radio tags
detected by radio ftacking stations and aerial surveys
for each tributary with radio-tagged coho salmon.

Chitina Tonsina Klutina

Three radio-tagged fish were never reported as

haNestcd or located in a spawning tdbutary
(upstream migrant fate), zero fish were known to
be hawested in spofi tisheries, and 82 (78%) fish
were located in spawning arezLs (Table 3).

Table 3.-Fates ofradio-tagged coho salmon in the
Uppcr Coppcr River, 2006.

Fatc Radio Tags

Radio Failure

CiSDN F'ishery N'tortalitl
GSS Fishery Mortality
Sport Fishery Mortality
Spawncr
Upstrcam Migrant

'Iotal

l0
4

o

U

82

3

t05

Total ]-ags
Stations

'71 4 7
7l (r00%) 4 (r00%) 7 (100%)

DISTRIBUTION oF SPAWNERS

Seventy-nine percent of fish recorded between
the capture site and the Haley Creek tracking
station reached the CISDN fishery in 3 days or
less and 71% migrated through the CSDN
fishery in 5 dal s or lcs' fFigure 4).

The daily radio tagging rate (x/,{,) and hours of
fishing effort (ft,) varied by day (Table 4).
Therefore, equation I was used to calculate an

adjusted count for radio-tagged fish on day I and
equation 2 was used to cstimate the proponion of
fish with fate7.

I)aill Catch

'--- - Coho radio-lagged

Aerial Survey 58 (82%o) 4 (100%) 5 (71%)

Of the 105 radio-tagged coho salmon, 104 fish
(99%) entered the CSDN fishery and 9l (87%)
exited the fishery. Ten-radio tagged fish were
harvested in the CSDN (4) and GSS (6) fisheries.
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Figure 3.-Total number ofcoho salmon captured and radio-tagged by day,2006.
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Table 4.-lotal (h,) hours fished. coho salmon captured (X,), coho salmon radio-tagged (4), and
tagging rate (.x/,X/) by dar', 2006,

Date h, Catch (Xr) Radio'lags (x,) Tagging Rate
ls-Aug48.0000%
l6-Aug
17-Aug
1 8-Aug
l9-Aug
20-Aug
2l-Aug
22-Aug
23-Aug
2.1-Aug

26-Aug
27-Aug
28-Aug
29-.Aug
30-Aug
-i l-Aug

I -Sep
2-Sep
3-Sep
4-Scp
5-Sep
6-Sep
7-Sep
8-Sep

l0-Sep
I l-Sep
l2-Sep
l3-Sep
l4-Sep
l5-Sep
l6-5ep
l7-Sep
18-Sep
Iq-s,pn

20-Sep
? I -Sep
22-Sep
2l-Sep
24-Sep
25-Sep
26-Sep
27-Sep

48.0
48.0
48.0
40.5
41,0
48.0
48.0
48.0
48.0
47.0
39.0
42.0
48.0
48.0
46.5
48.0
48.0
48.0
48.0
46.5
40.0
J /.)
34.0
3 8.0
14.0
48.0
48.0
48,0
48.0
48.0
48.0

'f8,0
48.0
14.0
t6.0
24.0
?4.0
21.0
24.0
24.0
17.0
t2.0
24.0

33v;
25,i,

11v,
I lyo
11Vo

50%
33%
gYo

t2v.
5To

6V,
8'h

6
4

2

I
I

2
2

I
l
I

2
.3

4
1
5

8

6
()

3

5

3

3

I
2
l
.1

2

3

l
l
2

2

I
t9
12

3

ll
17

57
61
.53

99
223
t82
171

182
r61

353

197

326
364
609
98
84
68
307
200
95
55
l4
ll
4
0
3

3

6
6
0
I

l%
jYo

8%
3v.
5v.
20io

3.1,

zlo
lv.
1V.
2D

2yo

1yo

3%
2yD

4.,h

tv.
20

2'/o
1yo
7./o
9yo
25'
0v,
i3%
33v.
t'lyo
t70
0,4
IYo

d Fishing began on August l5 but no coho salnon \,r'ere captured until Aueust | 6.

l0



ln 2006, radio-tagged coho salmon were located
in 14 separate streams within thc Chitina,
Tonsina, and Klutina tributaries of the Upper
Copper River (Figures 5-7). The smallest
proporlion of spawners returned to the Tonsina
River (0.05) and the largest propofiion retumed
to 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 effort varied by day.

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

Table 6.-Statistics regarding the run timing past
the capture site of the major coho salmon spawning
stocks in the Upper Copper River, 2006.

Chitina Tonsina Klutina
Number Radiougged
Proportion
SE

7l
0.80
0.1 |

4

0.05
0.04

7

0.15

0. 10
Chitina Tonsina Klutina

SrocK-SpEctFrc RuN TIMTNG
As with cstimates of spawning distribution,
weighted observations for individual radio_
tagged fish (equation I ) were used to desmibe

First Fish
Last Fish
Duration (d)
Mean Date
SE

| 7-Aug
25-Sept

39
6-Sept

6.29

6-Sept
l8-Sept

l2
8-Sept

3.65

l6-Aug
9-Sept

8-Sept
3.51

lt

Chitina River Drainaoe

..I]9:*5..Locatjon5ofradio-taggedcohosa|mond"@Klver (. radlo-lagged coho salmonJ.

H



Figure 6.-Locations of radio-tagged coho salmon detected from the aerial survey in the Tonsina River (e =
radio-tagged coho salmon).



Figure 7.-Locations of radio-tagged coho salmon detected from the aerial survey in the Klutina River (o
radio-tagged coho salmon).
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DISCUSSION
The goals of the study were to document maJor

spawning locations and characterizc run timing
of stocks 'pawning wilhin thc major tributaries
to identifo potential coho sport fishing
opportunities in the Upper Copper River and to

collect infonnation to aid in designing future

stock assessment studies. Spawning distribution
of coho salmon was relatively consistent during
both years of this study. [n both years coho

salmon $erc localed in just thrce major

tributaries. the Chitina, Tonsina, and Klutina
rivers, and in both years the majority of radio-
tagged coho salmon were locatcd in the Chitina
River (0.81 in 2006 and 0.67 in 2005: Savereide

2001). Similarly, run timing pattems among

thesc three stooks were similar in that mean date

of passage varied by only three days in 2005

(Savereide 2007) and by only 2 days in 2006.

-lhe results of this study indicated that sport
fishing opportunities for coho salmon are limited
to areas within the Chitina Tonsina, and Klutina
rivers. The Statewide Sport Fish Harvest Survey

indicates the majority of the coho sport fishing

30-Sep

occurs in the Tonsina drainage. This is because

nearly all of the spawners in the Tonsina

drainage are located in the Little Tonsina River,

which is easily accessible from the Richardson
flighway; however, the majority of coho

spawning in the Upper Copper River takes place

in the Chitina drainage and even though therc is

a road to McCarthy that parallels the Chitina
River, nearly all of the coho spawning streams

are not easily accessible bY fbot.

Spawning distribution was similar in both years

of the study in that coho salmon wcre found in
only the Chitina, Tonsina, and Klutina rivers,

bul the proportions within cach river varied

among years. Thus. it is likely that no one

system provides a consistent index of total upper

drainagc escapement. Run timing patterns were

similar among the three stocks, and exploitation
of Upper Copper River coho salmon stocks is
likely very small. Therefore, exploitation of any

one stock is also likcly very small However, if
quantitative assessments of run strength are

desired in futurc years, it would be best if they

were conducted in the mainstem Copper River
downstream from the Chitina River confluence.

0%

l2-Aug 26-Aug 2-Sep 9-SeP

Datc Past Capture S ite

Figure 8. Run-liming pattems of coho salmon at the capture site fbr the major stocks in the tJpper Copper

River.2006.

t4



Although the project's planned objectivc criteria
were not met in 2006, evidence suggests that
these three trihutaries account for at least 90oZ of
coho salmon spawning in the Upper Copper
River drainage. To locate 90% of the coho
salmon spawning locations with 90%
confidence, 96 radio-tagged coho salmon
(established fiom Monte Carlo simulations)
needed to successfully migrate to thcir spawning
grounds. ln 2005, a total of 108 radio-tagged
coho salmon were located within three major
Upper Copper River spawning tributaries. In
2006, only 82 radio-tagged coho sahnon were
locatcd within the samc three major spawning
tributaries. The decrcase in sucoessful spawning
migrants was an artifact of the decrease in
sample size (122 in 2005 vcrsus 105 in 2006)
and an increase in the number harvested (l in
2005 and l0 in 2006).

Other than a 1'ew occasions where the water
dropped substantially overnight, the fish wheels
operated almost continuously from August l5 to
September 27 (Table 4). On September l9 the
east side fish wheel was stopped for the
remainder of the season because the flow was
too slow to push the baskets and the catchcs had
dropped to less than 10 coho salmon per da1,-

The abilitv to fish throughout the entire day
ensured an ample amount of coho salmon would
be available for tagging. To ensure radio tags
were deployed over the entire course of the run
the tagging rate was decreascd during the third
week of September. Unfortunately, the catches
dropped dramatically after this dccision and the
sampling goal of 120 coho salmon was not
achieved. Ilowever, a total of 105 radio tags
were deployed and 82 ofthese tags wcre located
on spawning grounds.

Infomration tiom the aerial tracking survey and
tracking stations was used to determine the fate
of all radio-tagged fish and a spawning fate wa-s

assigned to 78% of the tagged fish; however,
because only one survey uas conducted,
locations of radio{agged fish may not have
conesponded to exact spawning sitcs. Ihus,
spawning distribution was desoibed by major
river drainage with the assumption that the radio-
tagged fish located there spawned somewhere
within the drainage. Within all three major
spawning drainages, some radio-tagged fish were

located in the glacially-occluded stretches of the
mainstem river; however for the same reason wc
were unable to ascribe these as spawning areas.

The spau'ning distribution and run-timing
estimates in this study were determined with the
assurnptions that the population wa-s radio-tagged
in a representative manner and that tagging did
not alter the fish's behavior. The effects of
inserting mdio tags into coho salmon on survival,
migratory hchavior, and catchability are not fully
understood. The proportion of radio-tagged coho
salmon that failcd to migrate upstream was l0oZ
(n-10). Although radiotagged fish that failed to
migrate upstream wcrc removed lrom estimation
of spawning distribution and run timing, a large
incidence of failure may be indicativc of chronic
handling-induced effects in those salmon that did
migrate upstream.

Comparable studies on Chinook salmon in the
Copper, Stikine and Taku rivers have observed
similar failure or reffeat rates (Savereide 2003;
Savereide 2004; Pahlke and Bemard 1996;
Bemard et al. 1999). Even though the failure mte
observed in this study was relatively low and
comparable to other studies, the central question
of whether handling af1'ects migratory behavior
still rcmains.

Previous studies have provided vary ing theories
on lhc cffects of radio tags on salmon migration.
Monan and Liscom ( I 975) suggested that spring
and fall run Chinook salmon can successfully
migrate to their spaRning grounds when fitted
with intemal radio tags. [n contrast. Gray and
Haynes (1979) found that thc proportion of
Chinook salmon fittcd with intemal radio tags
that retumed to their spawning grounds was
significantly less than fish tagged with only
spaghetti tags. The latter study concluded that the
majority of unsuccessful migrations were causcd
by placing the radio tag into the posterior
stomach instead of just behind the esophageal
sphincter in the antcrior stomach. ln addition,
Bronraghin et al. (2004) revealed a positive
relationship between the amount of time a tagged
clTum (). keta salmon spent in a fish wheel's live-
tank and their probability of recapture. In other
words, tagged chum salmon had a higher
probability of being recaptured the longer they
spent in a live{ank before being tagged and

l5



released. ln this study radio tags rvere placed in
thc anlerior stomach of coho salmon and fish
whccls were checked regularly to minimize the
amount of time spent in the live-tank and over-
crowding. Only 2.8% (3 out of 105) ofthe radio-
tagged fish that migrated through rhe CSDN
fishery that were not known to be harvested were
nevcr located in a spawning tributary. These
results imply that correctly placed intemal radio
tags and proper handling techniques do not
negatively affect migmtory behavior of coho
salmon. Because onlv fish that successfully
migrated into spawning streams wcre used to
estimate spawning distribution and run timing, it
was iusumed that thc probability that a radio-
tagged fish successfully migrated to a spawning
stream did not vary by spawning stock,
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Symbols antl Abbreviations
'fhe lbllowing symbols and abbreviations, and others.approved fbr the systdme lntemational d,unitds (sI), are used\'lithout definition in the foilowine rcpods by.the oivisions or spoi Fish and of ctommercial Fishe;ies:' FisheryManuscripts, Fishery nata Series Reports, 

. 
iishe.y ltunag"meni n"ponr, *o spcciar pubrications, A' others,including deviations lrom definitions listed below. -. not"-,j in the text at first mention, as well as in the titles orfbotnotes oftables, and in figure or figure captions.

Wrighls rnd mersures (merric)

K||ogram

lrtcr

mrlliliter

w.ights and n'fssur€s (Engtish)
cubrc feer per sccond

gallon

nauticalmrle

quarl

yard

l imc eDd tempernture
da)

deBrees Uclsrus

degrees Frlrenherl
degrces kelvrn

hour

Physics and chrmistry
all alomic symbols

ryorogcn ron aclrvrty
(ftgauvc log of)

pads p.r million
pafts per thousand

dL
g

ha

kg

L

nL

n

cal

ini
nmi

qr

r-d

G€neral

Alaska Department of
Fish nnd camc

Alaska Adminrsrrafi!e

Code

all commonly accepted
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ABSTRACT
ln 2005, radiotelemctry methods were used to detemrine thc majority of spawning locations of coho salmon

Oncorhynchus kisutch ltr the Upper Coppcr River, Alaska. Coho salmon werc captured with a fish u'heel and

dip nets in the mainstem Copper River below Wood Canyon. A total of 1,761 coho salnron were captured from
15 August to 6 October and 122 wore fitled with radjo tags- Radio-tagged fish were tracked to upriver

destinations using a combination of ground-based recciving stations and aerial tracking tcchniques, Coho

salmon in the Upper Copper River spawned in the Chitina, Tonsina. and Klutina rivers. The estimated
proportions of fish spawning were 0.67 (SE=O. | | ) in the Chitina River: 0.22 (SE=0.09) in the Tonsina tuver;

and 0.1I (SE=o.07) in the Klutina River. Run-timing patterns varied only sligbtly among these spawning stocks.

The mean date of passage past the capture site was 19 September for coho salmon bound for the Chitina River,

2l Septemher tbr coho salmon bound for the Klutina River, and 22 September for coho salmon bound for the

Tonsina River.

Key words: Coho salmon, Chitina River, Copper Rivcr, Klutina RiYer. radiotelemetry, run-timing
pattems, spawning distribution, Tonsina River.

INTRODUCTION with a 24-hour opener. The fishery continued
with one 24-hour oDener Der week until the week

The Copper River is a glacially dominated of4 September when two 24-hour periods rvere
system located in Southcontral Alska and is the fished. Durins the weeks of 18 and 25
second largest river in Alaska in temrs of September, the.- fisherv onened tbr two J6-hour
average discharge. It flows south fiom the pe;iods because acrial escapement counts were
Alaska Range and Wrangell and Chugach more than anticipated. The remaining two weeks
mountains and enpties into the Culf of Alaska, hacl 156 hour openers because expanded acrial
slightly east ofPrince William Sound (Figure l). counts showcd that delta stocks of coho salmon
The Copper River drainage (61.440 km') \\,ere ncar the upper range of the escapement
supports spawning populations of coho salmon goal and therc was little fishing effort due to lack
Oncorhynchus kisutch. Chinook salmon (7. if market. Overall. there;as a total of 13

tshawytscha, and sockeye salmon (J. nerka as fishing periods from 9 August to l0 October
well as various fesident Ush species, with a total harvcst of467,859 coho salmon.

lnformatjon on coho salmon in the Copper River The GSS fisherv is o'en front I June to 30
drainage (excluding the Copper River delta) is September from'rhe nonh side of the Chirina-
limited to harvest numbers, subsistence uses, and rraccarthy Bridge to the village of slana. The
local area knowledge about distribution but no maioritv of fishers use fish wheels to harvest
formal research has been conducted. Aerial tullnon, but dip nets and rod and reel arc also
counts ofcoho salmon are conducted but this is allorved. Federally qualified subsistcnce fishers
only for Copper River delta stocks. can use fish wheels u,ithin the CSDN fishery and

coho salmon retuming to the coppcr River pass thc season runs fiom l5 May to 30 september.

through commercial, iubsistcncc, personal rtse, Hlwe.ver' the state-managed CSDN fishery

and sport fisherics on thc way to their spru,ning (which accounts for nearly all ofthe total harvest

grounds. 'fhc average annual coho salmoi in the subdistrict) is strictly a dlp net lishery ard

harvcst from lggg-2001 was 315.43g fish in thc typically runs from early June to the end of

commercial lishery,3,172 fish in the combincd Septcmber' The majority of the sport harvest

Clcnnallen subdistrict subsjstence (GSS) and takes placc in tributaries of the Tonsina and

Chitina subdistrict dip net (CSDN) personal use Chitina. rivers' wlrere anglers are limitcd to rod

fisheries, and 220 fish in the sport fishery (Ashe ano reel gear'

et al. 2005; Taube 2006). The commercial The overall goal of the stu4y was to document
fishing schedulc is established by the department major spa*ni"ng locations and characterize their
but discussions are held with the Prince William respectiie .un ii.ing to identify potential coho
Sound Salmon Harvest Task lorce and the ,pun firhing opporlunities in the Upper ('opper
public. In 2004, the season began on q August River. t)ocumenting spawning areas and the
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Figure l.-Map of the Copper River drainage demarcating the capture site, maior tributaries, eight radio
tower locations, and the commercial, personal use. and subsistence fisherics.



migratory run timing of the coho populations
would provide insight into the populations'
availability to spon fishing and iormalize some
of their population dynamics.

OBJECTIVES
Thc objective of this study in 2005 was to:

l. estitnate proporlion ofspawners using
spawning areas accounting for 90% of
the spawning population of coho salmon
in the Upper Copper River drainagc with
90olo confidence,

METHODS

CAPTURE AND TAGGING

Coho salmon were captured using one aluminum
fish u'heel located on the west bank and bv
dipnening liom a river boar on rhe east hank of
the Copper River belop Wood Canyon
(Figure 2). The study was dcsigned to capture
and radio-tag 120 coho salmon using tr.vo fish
whecls, but extensive damage to one of the fish
wheels prior to thc field season forced the
sampling crew to supplement thc single fish
wheel by dipnetting from a river boat. Capture
locations were selected based on their
ellectiveness at capturing Chinook salmon at the
same locations in previous studies (Evenson and
wuttig 2000; snrith et al.2003). The fish wheel
(providcd by the Native Village of Eyak) was
deployed on l5 August and fishcd until 6
October. The fish wheel had one large live tank
(4.3 m long x 1.5 m deep x 0.6 m wide) with
haskets that fishcd in a minimum of 2.44 m (8
fect) of water, as described in Smith et al.
(2003). The fish wheel was opcrated 24 hours a
day and seven days per week, hou,.ever there
were instances r.vhere changes in water level or
floating dcbris caused the wheel to stop tishing.
'lhe tish wheel was checked at least threc times a
day unless largc catches of sockeye or coho
salmon required more frequent checks to
alleviate overcrowding.

Iror cvery coho salmon captured and radio-
tagged was placed in a sampling oradle with
fiesh water, data collected included:

1 ) measurement of lish length to the nearest
5 mm (FL);

2) radio tag frequency and code;

3) FloyrM tag number and color;
4) date and time ofrelease; and.

5) oapture location (e,g., east or west bank).
A s)slemalic approach r.rls laken in an attelnpt
to radio-tag coho salmon in proportion to run
strength by distributing radio tags based on daily
catches. Initially, I out ofevery l0 coho salmon
rvas radio-tagged. 'lo ensure that radio tags were
deployed over the cntire run, the tagging rate was
adjusted periodically to meet temporal tagging
goals.

Radio tags were inserted through the esophagus
and into the upper stomach of coho salmon with
an implant device. The devioe was a 35-cm
pieoe of polyvinl,l chloride (PVC) tubing with a
slit on one cnd to seat the radio transmitter into
the end of the tube. Another smaller diamcter
section of PVC fit through thc first tube acted as
a plunger to unseat the radio tag. To ensurc
proper radio tag plaoement- tags were insefted to
a standard depth equal to the distance liom the
snout to I cm posterior of the base of the
pectoral fin.

All radio-tagged coho salmon also received a
uniquely numbercd FJoyrM FD-94 internal
anchor tag placed near the rear inscrtion of the
dorsal fin. The entire handling process required
approximately two to three minutes per fish.

RADIO-TRACKINC EQU IPMENT ANT)
TRACKING PRoCEDURES

Radio tags u'ere Model Five pulsc-encoded
transmittsrs manulacturcd by ATS'. Each radio
tag was distinguishablc by its frequcncy and
enooded pulse pattern. Twelve lrequencies
spaced approximately 20 kHz apart in the 149-
i 50 MHz range with up to l0 encoded pulse
patterns per frequency were used.

A total ofeight stationaD, radjo-tracking stations
\!ere used to record migrating radio{aggcd coho

I 
Advanccd Telemetry Svsrcms, Isnnti. Minnesora Llse ol rhis

comp:Lry name does not constirulc endorsement. bur rs inclLrded
for screntific completeness



Figure 2.-Map of the Copper River demarcating the fish wheel and dip net capture locations, lower CSDN
fishery boundary, and field camp,2005.



salmon (Figure I). Each station included trvo
deep-cycle batteries, a solar battery charging
array. an antenna s$'itch box, a stecl housing
box, two Yagi antennas, ard either an A'l'S
Model 5041 Data Collcction Computer (DCC lt)
coupled with an ATS Model 4000 receiver or an
ATS Model R4500 (DCC and receivcr
combined). The units v'cre prograrnmed to scan
through l0 frequencies at 2-s interuals, and
receivc lrom both antennas simultaneously.
When a signal of sufficient strength was
encountered, thc receiver paused for l2 s on each
antenna, and then tag frequency, tag code, signal
strength, date, time, and antenna number were
recorded on the data logger. The relativell, short
cvcle period minimizcd the chance that a radio-
tagged fish would swim past the rcceiver site
without being detectcd. Cycling through all
frcquencies required up to I min depending on
the number of activc lags in the reception range
and level of background noise, Recorded data
was downloaded to a laptop coltlputer cvery 7- I 0
days.

Thc first station was placed on tlte west bank at
the lower boundary of the CISDN fishcry (below
Halev Clreek; Figure 1) to determine the total
number of radio-tagged coho salmon that
successfully migmted upstrcam of the capturc
area. A second station was placed on the north
bank of the Chitina River approximately 6 km
upstream from its confluence with the Copper
River to identiiy fish bound tbr the Chitina River
drainage. The third station was placed on a
$'est-side bluff of the Copper River immediateJy
upstream of the Chitina River and thc McCarthy
Road bridge to identiry fish bound for upriver
areas. Radio{agged fish entering the Tonsina.
Klutina, Tazlina, and Gulkana nvcrs weJe
recorded liom stations placed near the mouths of
these rivers. The last station u'as plaoed on the
mainstem Copper River approximately 2 km
downstream from the mouth of the Gakona
River. This station was used to enunterate all
radio-tagged fish migrating to areas upstream of
the Gulkana River-

The disl.ribution of radio-tagged coho salmon
was further determined by aerial tracking from
small aircrafl. One aerial-tracking survey
(4 days) of the entire drainagc inoluding the
mainstem Copper River was conducted afier

completion of the fall migration. Tracking
flights r.vere conduoted with one aircraft and one
person (in addition to the pilot) ulilizing one
R4500 receivcr. All fiequencies were loaded
into tlre receivcr prior to each flight. Dwell time
on each frequcncy was 2 s. Flight altitude
ranged lionr 100 to 300 m above ground. lwo
antennas, one on each wing strut. werc mounted
such tlrat thc antennas received signals
perpendicular to the direstion of travel. Once a

tag was identified, its frequency, code, and GPS
location were recorded by the receiver. Thc
purpose of the aerjal tracking was to locate tags
in tribularies other than those monitored by
remote tracking stations, to locate tish that thc
tracking stations t'ailed to rccord, locate specific
spawning areas within a drainage, and to validate
that fish recorded on each data logger did
migrate into that particular stream.

DATA ANALYSIS

Fate Determination

Data liom the tracking stations, aerial survey,
and tag return information were used to
detennine the final fate assigned to each radio-
tagged fish (Table l). A coho salmon u,as
assigned to a particular tributary if it r,as located
therc during tlte aerial tracking suney and/or
rva-s idcntified by the rfiburary's tracking station.

Identification of Spawning Areas

Radio-tagged coho salmon assigned a "spau,ner"
lalc uere used to identily spawning areas
(Table l). Sparvning areas ofcoho salmon were
determined during one aerial survey conducted
in early Novembcr. Because only onc survey
was conducted- locations of radio-tagged fish
may not have corresponded to exact spawning
sites (i.e., fish may still have been in transit to
spauning. site). fhcrcfore, spauning areas \rerc
described as being within a particular stream as
opposed to a particular stretch within a stream.
It lvas anticipated that some coho salmon would
spawn in poftions of the mainstem Coppcr River
and in sections of glacial tributaries (e.g., Chitina
River). For tltese fish, it was difficult to
diflerentiate between fish that were in a
spawning area and fish that were still transiting
to a spawning area (i,e., to a clear-water
tributary).



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

Fate Description

Radio Failure A fish that was never recorded swimming upstream into the CSDN fishcry

Causes for radio failure include tag regurgitation, failure to transmit, and
handling effecls.

A fish barvested in the GSS fishery upstrcam ofthe Mccanhy Road bridgc.

A fish harvested in the CSDN tishery downstream of the N{cCarthy Road
bridge.

A fish harvested in one ofthe sport fisheries.

A fish that entered a spaurring tributary of thc Upper Copper River.

A fish that migratcd upstreanr, was never reported as being harvested, and was
either locatcd onlv in the mainstem Copper River, or was never located
anywhere alier migrating upstreant of Wood Canyon.

Subsistence I;ishery Mortality

Personal Use Fishery llloftaliry

Sport Fishery Mortaiit)

Spawnera

Upstrcam migrant

a These radio-tagged fish were used to idenlify spawning tributaries and estimate spav'ning distribution and
stock-specifi c run-timing.



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

Distribution of Spawners

The proportion of coho salmon retuming to the
spawning tributaries of the Upper Copper River
were estimated as the ratio of numbers ol radio-
tagged trsh migrating into a specitic spawning
tributaries to the total number of radio-tagged
fish surviving and migrating into all sparvning
tributaries.

'l'he daily radio-tagging ratc and hours of fishing
effort (/r,) varied by day. 'l he count of fish
taggcd on day i having fate.i (R,/) rvas adjusted
by dividing by fishing elTort (/r,) and the tagging
rate (.t,,-{) rvhere x, rvas the number of fish radio
tagged and ,t, was the total numbcr of fish caught
on day i. The adjusted count was:

-,:[#)-, (r)

Among fish that survived and migrated into
spawning areas, the proporlion of fish that had
fateJ was estimated as:

In'
^ L'-'t
r, =;;r"- t2)

TT p'
/) lr -' 

'i

wherc R,, wa-s thc numbcr ol fish tagged on day i
having fatc .1. Variancc lvas estimated using
bootstrap resarnpling tcchniqucs (Efron and
Tibshirani 1993). Each bootstrap sample
comprised a simple random samplc takcn with
replacement from the total number of adjusted

counts (Rr). From each bootstrap sample the

proportion of spawners rvith spau'ning late j
1i',1 *as calculaled for a total of 1,000

bootstrap estimates.

Certain assumptions must have been mct to
obtain unbiascd cstimates of the spau,ning
distribution:

L Radio-tagging cofut salmon did ru affect
their Jinal spawnin4 dcstinetion.

There was no explicit test for this assumption
bccause we cannot obserye the behavior of
unhandled fish. I lorvever. there uere no
plausible reasons why a radio tagging would
afl'ect a tlnal spawning destination.

2. Captured coho s!:tlmon t:ere radiolagged in
proportion to the mctgnitude of the rwt or
there were no diljtbrence in run timing
among stocks.

The tagging protocoJ described was designed to
distribute tags over time proportional to passagc

ofcoho salmon past the tagging site.

Previous radiotelemetry studies on Chinook
salmon have shown that stock-specific
differences in run timing can lead to biased
estimates of spawning distribution bccausc the
probability of capturing fish oftcn rarics orer
time (Savereide 2004). This bias can be

corrected with adjustments to thc distribution
eslimates based on cstimated total passage.

Using passage, rather than CPUE, is preferred
because CPUE may not vary in proportion to
passage duc to fluctuations in gear efficiency
rcsulting from changes in river water levels and
fish rvheel placement. ln this study no
inlbrnation on total passage was available
therefbre the ability to detect and describe any
bias in the estilnates of spawning distribution
was not possible. It rvas assumed lhat the

magnitude of this bias rvas small relative to the
eslimate.

Stock-Specific Run Timing

Run timing pattcms were described as time-
dcnsity functions, where the relative abundance
of stock.T (where stock was defined as all coho
salmon returning to either the Chitina, Tonsina,
Klutina, Tazlina, Gulkana, or Upper Copper
drainages, rvhich includes all rivers upstream of
the Gulkarra River) located upstream of Haley
Creek during time interval / were described by
(Mundy 1979):

l,ltl=----'' (l)
!p'
/r " ,1

rv here:



Jj O = the empirical ternporal probabiJity
distribution over the total span of the run for fish
spawning in a tributary (or poftion thcrcoo l;
and,

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

salmon bound for tributary f that were caught
and tagged during day /.

Those fish assigned a fatc of "spawner,'
(Table I ) werc used to determine the time-
density functions.

The mean date of passage (1) purt the capture

site for fish spawning in tributary / was estimated
AS:

1=IrtL)
J /:r'J l \'"

the variance of the run timing distribution was
estimated as:

-. / \ srYar lt l-> lt-t l' I ltl
I' J 1\' (5)

Ceftain assumptions must be met to obtain
unbiased estimates of stock-specific run timing:

l. Cuptured coho salmon were radio-tagged
in proportion to tlle nagnitude of the run.

The tagging protocol described was designed to
distributc radio tags over time proportional to
passage of coho salmon past the lagging silc.

RESULTS

CAPTURE AND TAGCING

Coho salmon were capturcd from l5 August to 6
October, 2005. A total 1,761 coho salmon,
4,061 sockeye salmon, and 53 steelhead wcre
captured. Of the 1.761 coho salmon capturcd,
122 were iltted with radio tags and rcleased. The
daily catch ofcoho salmon ranged from zero tjsh
to 447 fish and the daily radio-tagging rate
varied from 2,0 to 100% of all captured coho
salmon (1. igure 3).

FATE DETERMINATION

The combination of stationary and aerial tracking
techniques accounted for 100% of the radio tags
depJoyed. Dctection rates of the tracking

stations in the spawning tributaries ranged from
93-100% ('fable 2).

Table 2.-Nunrber and percent of radio tags
dctccted by radio tracking stations and aerial sun'eys
for each tributary with radio-tagged coho saimon.

Chitina Tonsina Klutina

Total Tags 73

Stations 7 | (97%)

Aerial Survey 52 (71%)

25 (e3%) 8 (100%)

25 (e3%) 7 (88oA

(4) Of he 12? radio-tagged ooho salmon, I l3 fish
(93%) entered the CSDN fishery and 111 (.91%)
exited the fishery. Two-radio tagged lish were
har,,ested in the CSDN fishcry and returned to
ADF&G. Three radio-tagged fish were never
repofied as harvested or located in a spawning
tributala, (upstream nigrant fate), zero fish were
known to bc harvested in subsistence trsh
wheels, zero fish wcre known to be harvested in
sport tisheries, and 108 (89%) fish werc located
in spawning areas (1'able 3).

Table 3.-Fates ofradio-tagged coho salmon in the
Upper Copper River, 2005.

Fate Radio Tags
Radio Irailurc
CSDN Fishery Mortality
GSS Ijshery N{ol1ality
Sport Fishcry Mortaliry
Spawner
Upslream Migrant

Total

9

2

0

0

r08

3

t22

DrsrRrBUTtoN oF SPAWNERS

Ninety-eight percent of fish recorded betq,ccn
the capture site and the Haley Creek tracking
station reached the CSDN fishery in 3 days or
less and 90% nrigrated through the CSDN
fishery in 5 days or less (Figure 4).

The daily radio tagging rate Qc,/JC) and hours of
fishing effort (ft,) varied by day ('Iable 4).
Therefore. equation I was used to calculate
weights for radio{aggcd fish on day i and
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.Table 4J;ish wheel (FW). dip net (DN), and total (h,) hours fished, coho salmon captured (,y;), coho salmon
radio-tagged (,r,), and tagging |?te (r,,f) by day,2005.

Radio-tagged Tagging Rate
FW Hours

21-Aug
28-Aug
29-Aug
30-Aug

2-Sep

3-Sep

4-Sep

5-Sep

6-Sep

7-Sep

24.0
0.0

6.5

24.0
24.0
21.0
24.0

2i.5
23.8
24.0

24.0

21.0
24.0
24.0

24.0
9.0

21.0
24.0
24.0
24.0
22.0
24.0

23.5

23.3

24.0

23.6

24.0
21.0
24.0
24.0

r6.0
24.0
23.1

21.0

24.0
24.0
23.1
24.0

24.0
21.0
t 3.0

21.0

0.0

6.5

24.0
24.0

24.0
21.0
21.5

23.8

26.0
2-..8

24.0
26,0
24.0
26.0

9.0

25,8

28.0

26.0
26.5

22.0

25.0
25.5

25.3

24.5

23.6
24.0
24.0
24.()

26.5

t7.o
25.3

23.4

24.0
21.0
24.0
23.4

24.0
24.0

24.0
r 3.0

I

0

4

t8
4

t'7

I

6

I

5

3

6

4

0

6

I

t2
25

I

73

r63
r86
296

147

78

107

44
32

20

52

62

12

20

IJ
l3
9

2

I

4

100.0%

0.0v.
0.0%

0.0%
50.0%

lt.t%
-50.0%

5.9Yo

0.0Yr
33.3yo

100.0%

40.jyo
66.1yo

33.3%
50.0%
0.0%

33.3%
r00.0%
t6.1yo

8.0%
r 00.0%

5.5%
3.lo/.
4.3yo

3.4yb

2.0y.
t?.80/o

1 .5yo

t5.9yo
r5.6%
20.jYo

7.7v.
4.\yo

16.'7yo

15.00/o

t2.0v,
23.lVo
li.3%
50.0%

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
,1.0

2.0

2.5

0.0
1.0

2.0

I

0

0

0

2

2

I

0

2

I

2

2

2

2

0

I

2

2

I

1

5

8

l0
9

i0
8

7

5

4

4

3

2

8-Sep

9-Sep

l0-Sep
I l-Sep
l2-Sep
l3-S(rp
l,l-Sep

l6-Sep

l7-Sep
l8-Sep
19-Sep

20-Sep

2l-Sep
22-Sep

23-Sep

26-Sep

27-Sep

28-Sep

29-Sep

30-Sep

I-Oct
2-Oct

2.0
0.5

0.0
0.0

0.0
0.0

LJ
1.0

1.3

0.0

0.0

0.0

3-Oct
4-Oct

-5-Oct
6-Oct

0_0

0.0

0,0

0.0

0.0
0.0

a Fishing bcgan on l5 August bu1 no coho salmon were captur"d u,rtil Z7 Au.r"f

ll



equatjon 2 was used to estiJnale the proportion ol
tish with 1'ate I.
In 2005, radio-tagged coho salmon were located
in l7 separate streams within the Chitin4
Tonsina- and Klutina tributaries of the tJpper
Copper River (Figures 5-6). The smallest
proportion of spawners returned to the Klutina
River (0.11) and the largest proportion returned
to the Chitina River (0.67; Table 5).

Table s.-Spawning distribution of Uppcr Copper
River coho salmon by major drainage, 2005.

Tonsina
I'lumber
Radio-taggcd

Proportjon

SE

STocK-SPECrFrc RUN TtMrNc

As with estimates of spawning distribution,
\\,eighted observations for individual radio-
tagged fish (equation l) were used to dcscribe
run timing because the daily radio tagging rate
and hours of fishing effort varied by day.

Run-timing pattems at the capturc site varied
sJightly among tlie individual spawning stocks
(Figure 7). The mean date of passagc at the
capture site varied fiom l9 Septernber for coho
salmon bound for the Chitina River to
Scptember for coho salmon bound for
Tonsina Rivcr (Table 6).

Table 6.-Statistics regarding the run timing past
thc capture site of the major Upper coho salmon
spa$'ning stocks in the C-'oppcr River,2005.

Clhitina Tonsina

throughout the day coupled with daily dipnetting
allou'ed us to achieve our sampling goal and to
sample lish rrigrating past the capturc site at
diffcrcnt times of the day. Even though one fisl.r
rvheel provided ample coho salmon for tagging,
a second fish wheel on the opposite bank would
ensure an cqual amount of tags could be

deploycd from each side of the river. The
unused damaged fish wheel rvas removed from
the rlatcr in late September and shipped to
Cordova for repairs in preparation for next
season.

Infornation from thc aerial tracking survey and
tracking stations was used to determine the fate
of all fadio{agged fish and a spawning fate was
assigned to 89% of the tagged fish. However,
because only one survey was conducted,
locations of radiolagged fish may not have
conesponded to exact spawning sites. Thus,
spawning distdbution was described by major
river drainage with the assumption that the radio-
taggcd fish located there spawned somervhere
within the drainage. Within all three major
sparvning drainages, some radio-tagged fish were
located in the glacially-occluded stretches of the
mainstcm river, however for the same reason we
uerc unable lo ascribe lhese as spawning areas,
In 2006, to improve the accuracy of describing
spawning distribution within a drainage, an
additional aerial survey (4 da1,s) will be
conducted.

The spawning distribution and run-timing
estirnates in this study r.ere determined with the
assun'rptions that the population was radio-
tagged in a representative manner and that
tagging did not alter the fish's behavior. The
cffects of inserting radio tags into colto salmon
on survival, migratory behavior, and catchability
are not fully understood. The propotion of
radio-tagged coho salmon that f-ailed to migrate
upstream was 7% (n=9). Although radio{agged
lish that failed to migratc upstream were
removed from estimation of spawning
distribution and run timing, a large incidence of
failure may be indicative of chronic handling-
induced effects in those salmon that did migrate
upstream. Comparable studies on Chinook
salmon in thc Copper, Slikine and Taku riven
have observed similar lailure or retreat rates
(Savereide 2003: Savereide 2004; Pahlkc and

Chitina

73

0.6'r

0.06

?1

0.22

0.05

E

0.n
0.04

22
the

First Fish

t.ast Fish

Duration (d)

M.:an Datc
SE

27-Aug 7-Sept

s-Oct 2-Oct
39 25

l9-Sept 22-Sept
5.4r 4.04

19-Sept

26-Sept
7

2l-Sept
I .,19

DISCUSSION
Other than a ferv occasions wherc thc water
dropped substantially overnight, thc fish wheel
opcratcd almost continuously liom l5 August to
6 October (Table 4). The abiliry to fish

t2



Figure s.-Locations of mdio-tagged coho salmon detected from the aerial survey in the Chitina River (o =
rcdio-tagged coho salmon).
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Figure 6.-Locations ofradio-tagged coho salmon detected from the aerial survey in the Tonsina and Klutina
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-Aug

Bernard 1996; Bemard et al. 1999). Even
though the failure rate observed in this study
was low and comparable to other studies. thc

central question of whether handling affects
migratory behavior still retnains.

Previous studies have provided varying
theorics on the eliects of radio tags on salmon

migration. Monan and Liscom ( 1975)

suggested that spring and fall run Chinook
salmon can successfully migrate to their
spaRning grounds when fitted with intemal
radio tags. In contrast, Cray and Ilaynes
(1979) fbund that the proportion of Chinook
salmon fitted with internal radio tags that

returned to their spawning grounds u'a-s

significantly lcss than fish tagged with only
spaghetti tags. The latter study concludcd that

the majority 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)
revealcd a positive relationship between the

7-Sep 2l-Scp 28-Sep

amount of time a tagged chum 0. tela salmon

spent in a fish wheel's live-tank and their
probability of recapture. In other u'ords,

tagged chum salmon had a higher probability
of being recaptured the longer they spent in a

live-tank before being tagged and released. ln
this stud) radio tags were placed in the anterior
stomach of coho salmon and fish wheels were

checked regularly to minimize the amount of
time spent in the live-tank and over-crorvding-
Only 2.1ok (3 out of 122) of the radio-taggcd
fish that migrated through the CSDN fishery
that were not known to be harvested wcre

never located in a spawning tributary. These

results imply that correctly placed internal
radio tags and proper handling techniques do

not ncgatively afl-ect migratory behavior of
coho salmon. Becausc only flsh that

successfully migrated into spawning streams
were used to estimate spawning distribution
and run timing, it was assumed that the

probability that a radio-tagged fish
successlulll migrated to a spawning stream did
not vary hy spawning stock.
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To locate 90% of the coho salmon spawning
locations with 90o% confidence a total of 96
radio-taggcd coho salmon (established fiom
Monte Carlo simulations) needed to
successfully migrate to their spawning
grounds. In 2005, a total of 108 radio-tagged
coho salmon were located on l7 separate

streams within three major Upper Copper
River spawning tributaries. Based on the
results. at least 90% of the coho salmon
spawning occurs in the Chitina, Tonsina. and

Klutina rivers. Estimates of the spawning
proportion in each tributary reveaLed thc
Chitina River supports the largcst pcrcentage
(66o/c,) of the total escapement whereas the
Klutina Rivcr supports the smallest (l lolo).

This information supports the local resident's
and area mangcr's previous knowledge and the
but it has ncver been officially documented
until now.

The Statewidc Sport Fish Harvest Surve,v

indicatcs the majority of the coho sport fishing
occurs in the Tonsina drainage. This js

because nearly all of the spawners in the
Tonsina drainage are located in the Litlle
Tonsina River which is casily acccssible from
the Richardson Highway. In contra-st, the
majority of coho spawning in thc Upper
Copper River takcs placc in thc Chitina
drainage and even though there is a road to
Mccarthy nearly all of thc coho spawning
streams are not eirsi15, accessible by foot.

Harvest reports from the CSDN fishery
suggested that coho salmon would be

migrating past the capturc sitc in early August
(Figure 3): hou"ever, coho salmon weren't
captured until 27 August and substantial
numbers didn't appear until mid-Septernber.
This delay in typical migration was likely an
arlifact of the high-water obserued in August.
As the river began to drop toward the end of
August. coho salmon holding in the lower river
started to appear in the fish wheel and dip nets.

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

contrast to the run timing pattems exhibited
by Upper Copper River Chinook salmon whicl.t
exhibited distinct run-timing pattems among
stocks, *here upriver salmon stooks migrated
into the river before downriver stocks
(Savercidc 2004)-
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