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ABSTRACT
Radiotelemetry methods were used to dctcrmine steelheatJ (htcorhynchus mltkiss spawning locations. stock-specific
run timing profiles, overwintering areas, and the magnitude of the total retum to the Upper Copper River (tibutaries
north ofthe Chugach Mountains). Steelhead wcrc capturcd with fish u,heels and dip nets in the mainstem Copper
River below Wood Canyon. A total of53 slcelhead were fitted with radio tags in the fall of2005 and 42 were fitted
in the fall of 2006. Radio-tagged fish wcre tracked using a combination of ground-based receiving stations and
aerial tracking techniques. Overwintcring areas included their natal rivers such as the Culkana and Hanagita Riven.
the Tazlina Lake outlet. and the turbid mainstems ofth€ Copper, Chitina, and Tazlina rivers. Steelhead in the Upper
Copper River spawned in the Gulkana,'l'azlina. and Chitina rivcr drainages. The estimated proportion ofsteelhead
spawning in the Dickey and Ilanagita lake spawning areas was 0.08 (SE:0.06) in 2006 and 0.22 (0.09) in 2007.
Based on stock ass€ssment work in these two areas conducted in prcvious years, the total run of steelhead in the
Uppcr Copper River drainage is likely within the range of 1.000 45,000. The large range reflects a large annual
variation in the proportion spawning in these areas, and poor precision of thc annual estimates. The estimated
spawning proportions bv drainage in 2006 were 0.-54 (SE=0.1l) for the fazlina. 0.14 (SE 0.07) for thc Chitina. and
0,31(SE=0.10) for the Gulkana. In 2007, the estimated spawning proporlions by drainage were 0.39(SE=0.10) for
the Tazlina, 0.38 (SE=o.1l) for the Chitina, and 0.22 (SE=0.09) for the Gulkana. ln 2005, the mean date ofpassage
past the capture site was 22 Septcmber for steelhead bound for tle Tazlina drainage and 24 September for steelhead
bound for the Chilina and Culkana drainages. In 2006, the mean date of passage past the captue site was 25
August, 23 August, and 18 August for steelhead bound lbr the Tazlina, Chitina, and Culkana drainages,
respectively. Outmigration dates from the Tazlina. Gulkana, and Chitina rivers ranged from 20 May to 24 June in
2006 and 4 May to 20 June in 2007.

Key words: Chitina River, Copper River, dip net, fish whee1, Gulkana River, radioteJemetry,, run-timing profiles,
steelhead. spawning distribution, Tazlina River.

INTRODUCTION
The Copper River is a glacially dominated
system locatcd in Souticentral Alaska and is the
second largest river in Alaska in terms of
average discharge. It flows south from the
Alaska Range and Wrangell and Chugach
Mountains and empties into the Gulf of Alaska,
east of Prince Willianr Sound (Figure l). The
Copper Rivcr drainage (61,440 km') supports
spawning populations of steelhead
Oncorhynchus r4,ir.rs, Chinook salnton (7.

tshou'ytscha, sockeye salmon O. nerka, and coho
salmon O. kisutch as well as various rcsident
fish species.

Steelhead, an anadromous forn of rainbow
trout, spawn in tributaries of lhe Upper Copper

spawning stock size and seasonality coupled
with the vastness and rcmotcness of the Copper
River drainage make a thorough scientific study
difficult. Adult steelhead pass through
commercial, subsistence (Glennallen
Subsistence Subdistrict-CSS), personal use
(Chitina Subdistrict dip net-CSDN), and spoft
fisheries on the way to their spawning grounds.
No information is available to describe the
overall run sizc or the inriver abundance that
enters inriver fisheries. Steelhead han'ests
reported by subsistence fishers, and catoh reports
from sport fishers suggest that undocumentcd
spawning stocks exist.

Information on Copper River stcclhead has been
sporadically collected since the 1960s-
Steelhead ascending the I lanagita River were
sampled as early as 1963 in the sport fishery
located at the outlet of Hanagita Lake (WiJliams
1964). In the 1980s steelhead were captured
from the Copper River near Copperville and
fitted with radio transmitters that lcd researchers
to document a few spawning locations ll'ithin the
Tazlina and Gulkana drainages (Burger et al.
1983). Researchers lrom the University of
Alaska-Fairbanks conducted studies alonq the

River. These fish
northemmost stocks

thought to bc the
steclhead in Nofth

are
or

America (Burger et al. 1983). Similar to other
salmonid species living on thc edges of their
distribution, the populations in the Copper River
drainage are thought to be relatively sparse and
unproductive (Flebbe 1994). There is a lack of
conrprehensivc information for these stocks
because population charactcristics such as
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Figure 1. Map ofthe Copper River drainagc dernarcating the capture site, major tributaries,
eight radio tower locations, and the commercial, sport, GSS, and CSDN fisheries.



Middle Fork Gulkana River on steelhead and
rainbo\a' trout spall'ning populations, their
habitat, and juvenile feeding ecology (Brink
1995: Stark 1999). From 1998 to 2001,
ADli&C Sport Fish Division collected
infonnation on r.r'hat were considered to be two
of the most significant steelhead sparvning
stocks in the Copper River drainage: the
Hanagita Lakc and Dickey Lake stocks
(Fleming 1999, F leming 2000, Wuttig et al.
2004). The results ofthe studies dcmonstrated
that these two stocks are genetically distinct
and relatively small (<450 spawning fish
combined). Genetic samples were also
collcctcd fiom Hungry Hollow Crcek, an

adjacent tributary to the Dickey Lake area,
where 63 stcclhcad were sampled as they
passed downstream through a weir after
spawning (Wuttig et al. 2004).

Catch infbrmation from retumed fishing
permits lrom the GSS and CSDN fisheries
indicates steelhead have becn capturcd as t'ar
upriver as Slana and migrate througli the Upper
Copper River (tfihutaries north of the Chugach
Mountains) from mid-August to nrid-October
(Figure l). Some additional subsistence
harvests of steelhead (likely post-sparvning
fish) have been reported from late May to late
June. During late May ol 2000-2003, the
potential cffccts (harvests) of an extended
subsistence salmon fishing season on out-
migrating adult stcclhcad was examined by
fishing two test fish wheels near Tazlina (Eric
Veach, Chief of ResourcesJ Wrangell-St. ias

National Park; personal communication). In
2001 and 2003, l8l sockcyc salmon and only
one steelhead were capturedi horvever, in 2002,
only three sockeye salmon were caught
(attributed to late run timing), but a total of
four steelhead were oaptured. l'hese
observations demonstrate that there is potential
for a substantial steelhead harvest if
subsistence fishing effort increases early in the
season.

A primary goal of this study \a'as to gauge the
magnitude ofthe run size ofsteelhead returning
to the Upper Copper River. Ihis rvas
accomplished by estimating the relative
contribution of the Dickey and Hanagita lake
stocks to the drainage-wide steelhead sparvning

cscapcmcnt. Inriver run timing infornration
and documentation of significant sparvning and
overuintering locations throughout thc
drainage are also provided.

OBJECTIVES
The objectives of this study jn 2005 and 2006
were to:

l. Estinate the proportion ofCopper
Rivcr stcelhead that migrate to both the
Dickey Lake and Hanagita Lake
spawning areas in 2005 and 2006 such
that the estimates are lvithin l0
perccntagc points ofthe true values
95olo of the time; and,

2. Describe the migratory timing profile
(upriver and downriver) ofthe
steelhead return in the Copper River at
the point ofcapture (below. Wood
Canyon) during 2005 and 2006 and
invcstigatc potential stock-specifi c
differences irr run liming.

A secondary task was to document significant
steelhead aggregations in the Copper River
drainage during spawning and overwintering
periods.

METHODS

Capture and Tagging
This study lvas designed to capture and radio-
tag 130 steelhead cach year during their
migration to their spau,ning areas in 2005 and
2006. Precision criteria in Objective I would
be met assum;ng the radio tags were distributed
randomly among retuming steelhead and that at
least 96 radio-taggcd stcelhead survived to
spawn (Cochran 1971). A standardized method
of deployrnent was going to be used, but lou
catches led to radio{agging every steelhead
captured.
-l 

o provide insight relative to identifying whcrc
mosi (i.e. 90%) of the total steelhead run
spawns, Montc Carlo simulations were
perfonned that considered a range of
rcasonable assumptions about the relative
number and use of spalvning areas. These
simulations demonstrated that 96 radio tags



located on spawning areas would represent
900/o or more of the sparvning population.

This study u'as designed to capture and radio-
tag stcclhead using two tish whecls in 2005
and 2006 but extensive damage to one of the
flsh wheels prior to the 2005 fleld season

forced the sampling crew to supplement the
single fish wheel by dipnetting f'rom a river
boat. In 2006, the damaged fish wheel rvas

rcpaircd and two flsh wheels werc used to
oapture steelhead. Steelhead were caplured
using aluminum fish *heel(s) located on the
west and east banks and dipnetting from a river
boat on thc east bank of thc Copper Rivcr
below Wood Cianyon (Figure 2). The locations
were selecled based on their effectiveness at
capturing Chinook salmon at the same

looations (Evenson and Wuttig 2000; Smith et
al. 2003). In 2005, the fish w.heel (provided b1,

the Native Village of Eyak) was deployed on
i5 August and fished until 6 Octobcr. In 2006,
the wheels were fished on 16 August through
29 September. The fish *'lreel(s) had one or
two large live tanks (4.3 m long x L5 m deep x
0.6 m wide) with three to fbur baskcts that
fished in a minirnum of 2.44 m (8 feet) of
watt:r. as described in Srnith et al. (2003). The
fish wheel(s) uere operated 24 hours a day and
seven days per week; ho$.ever there u'ere
instances where clranges in rvater level or
floating debris causcd the wheel(s) to stop
fishing. Each fish wlreel was checked at least
three times a day unless large catches of
sockeye or coho salmon required more frequent
checks to allcr iate overcror.rding.

For every steelhead captured and radio{agged,
data collected included:

L rneasurernent of fish length to the
nearest 5 mm (T[.);

2, radio tag frequency and code;

3. FloyrM tag number and color;

4. scale collection for ageing;

5. date and timc ofrelease; and,

6. capturc location (e.g., east or \!est
bank).

Radio tags were inserted through the esophagus

and into the upper stomach of steelhead t'ith an

implant device. The device was a 25-cm piece
of polyvinyl chloride (PVC) tubing with a slit
on one end to seat the radio transmitter into the
end of the tube. Another smallcr diameter
section of PVC fit through the first tube acted
as a plunger to unseat the radio tag. To ensurc
proper radio tag placement. the distance from
the base of the pectoral fin to the rip of thc
snout was used to determine lrow far to insert
the implant device into thc fish.

All radioJagged steelhead also rcccivcd a
uniquely numbered FloyrM FD-94 internal
anchor tag placed near the rear insertion of the
dorsal fin. Thc entire handJing process

required approxirnately t*o to three minutes
per fish.

Agcs are shown in European notation (Koo
1962): nurnber of fresh*ater annuli on the le[t
of thc dccimal point and number of saltwater
annuli are on the right. The total age from the
time of egg fcrtilization is the sum of the fresh
and salt*ater annuli plus one.

Radio-Tracking Equipment and
Tracking Procedures
Radio tags *'ere Model Five pulse-encodcd
lransmillers manufaelurcd bl ATSr- F.ach

radio tag lvas distinguishable by its frequency
and encoded pulse pattcrn. Thirteen
frequencies spaced approxinrately 20 kHz apart
in the 149 I 50 MHz rangc rvith I 0 encoded
pulsc pattcms pcr fiequenc.v were used.

A total of eight stationary radiotracking
stations *'ere used to record migrating radio-
tagged steelhead (Figure l). Each station
included two deep-cyclc battcries, a solar aray,
an antenna switch box, a steel housing box, two
Yagi antennas. and either an ATS Model 5041

Data Collcction Computer (DCC II) coupled
with an A'l S Model 4000 receiver or an ATS
Model R4500 (DCC and receiver combined).
The units were programmed to scan through

I 
Advanced Telemetry Systems. Is.rnti- lvtinnesota. tjse oflhis
company nanrc docs not constitute endorsemenl. but is included
fi)r scienlifi c oomplelen€ss.



Figure 2.-Map ofthe Copper River demarcating the fish wheel and dip net oapture locations.

lower CSDN fishery boundary, and field camp,2005 2006.



the frequencies at 3-s intervals, and rcccive
fiom both antennas simultaneously. When a
signal of suflicient strength was encountered,
the receiver paused fbr l2 s on each antcnna,
and then tag frequencv, tag code, signal
strength, date, time, and antenna number
rvcrc recorded on the data logger. The
relativelv short cycle period nrinimized the
chance that a radio-tagged fish would srvim
past thc receiver site without bcing detected.
Cycling through all fiequencies required up
to I rnin depending on the number of active
tags in the reccption range and lcvel of
background noise. Recordcd data *'ere
dourloaded to a laptop cou')puter every 7-10
days.

The first station was placed on thc west bank
at the lower boundary of the CSDN fishery
(below I laley Creck; Figure I ) to detcrmine
thc 1olal number of radio-tagged steelhead
that successfulll, migrated out of the capture
area. A second station was placed on thc
north bank of the Chitina River
approximately 6 km upstream from irs
confluense with the Copper River to identi11,
fish bound for thc Chitina River drainage.
The third station was placed on a *est-side
bluff of the Copper River upstream of the
Chitina River aud the McCarthy Road
bridge to identil-,- fish bourrd tbr upriver
areas. Radio-tagged fish entering the
Tonsina, Klutina, Tazlina, and Gulkana
rivers were recorded from stations placed
near the mouths of these rivers. The last
station was placed on the mainstem Copper
River approximately 2 km downstream lrom
the mouth ofthe Cakona River. This station
was used to enumcrate all radio{agged fish
migrating upstreant ofthe Gulkana River.

The distribution of radio-tagged steellread
rvas further detenlined by aerial tracking
from small aircraft. ln 2005 and 2006, one
acrial-tracking sune1, (-4 d) of the entire
drainage including the mainstcm Copper
River was conducted after completion of the
fall migration. Two more surveys were

conducted in March-April, and a minintum of
lwo surveys were donc in May-June to
detcrmine the overuintering and spalvning
locations (Tablc 1). Tracking flights rvere
contlucted rvith one aircraft and one person
(in addition to the pilot) utilizing one R4500
receiver. Drvell tinre on each frequenoy,was
2 s. FIight altitude ranged from 100 to 300 m
above ground. Two antcnnas, one on each
$.lng strut, .were nrounted such that the
antennas received signals perpendicular to
thc direction of travel. Oncc a tag was
identified, its frequency, code, and GPS
location rvere recorded by the receiver. The
purpose of the aerial tracking lvas to locatc
tags in tributaries other than those monitored
by remotc tracking stations, to locate fish that
thc tracking stations failed to record, to locate
specific sparvning areas within a drainage,
and to validate that fish recorded on the data
loggers did migrate into those streams.

Data Analysis

Fate Determination
Data fiom the tracking stations, acrial
surveys, and tag rctum infomration li.'as used
to detcrmine the final fate assigned to each
radio-tagged fish (Table 2). Steelhead
designatcd as failures either regurgitatcd their
tag or died frorn handling. Steelhead
designatcd as spawners were assigncd to a
parti0ular spawning tributary, (TabJe 2) if its
radio tag was located there during an aerial
tracking survey or was identified by the
spaul ing lribular)'s tracking station.

Identification of Spawning Areas
Radio-tagged steelhead assigned a spawner
fa{e r.r'ere used to identil; spawning areas
rvithin the major tributaries ( l able 2).

Sparvning areas of sleelhead were tabulated
by tributary and plotted on nraps using GIS
softlvare.



Table l. Schcdulc ofacrial flights to locate radio-tagged steelhead, Copper Rivcr, fall 2005 to
spring 2007.

Dates Drainage"

2005

I November - 4 November

2006

29 March - 3l March

ll April - 13 April
2May-4May

22-May

29May- l June

6Ootober-TOotober
24 October - 25 Ootober

2007

9March- llMarch
27 March - 29 March

8-May

l7-May
22-May

30 May - 3l May

7June-8.lune

Uppcr Copper

tlpper Copper

Upper Copper

Upper Coppcr

Gulkana

Upper Copper

Culkana, Tazlina

Upper Copper

Upper Copper

Upper Copper

Gulkana

Gulkana, Tazlina

L h Itlna. (ral(ona

Upper Copper

Upper Copper includes ali tributaries north ofthe Chugach Mounlains.
b Cakona includes all tributaries norlh ofthe Gulkana River.

Table 2.-List ol'possible lates ofradio-tagged steelhead in thc Upper Copper River.

Fatc Description

Radio l'ailure

Fishery Mortality

Spawncrd

Upstream Migrant

A fish that was never recorded swimming upstream ol thc CSDN fishery.
This category includes regurgitated tags and mortalities.

A fish harvested in the GSS fishery, in the CSDN fishery, or in the spod
flsheries.

A fish that entered a spawning tributary of the Upper Coppcr River.
Spawning tributaries includcd the Chitina, Tonsina, Klutina. Tazlina. Gulkana,
and Gakonao rivcrs-

A fish that migrated upstrcam, was never reported as being harvested, was
never recordcd on a spawning tributary radio tower, and was located only in
the mainslem Copper River.

a Only these radio+agged fish were used to identiry spawning tributaries and estimate spauning distriburion
and stock-specific run-timing. All other fish were culled ftom the analysis.

b Cakona River includes all tributaries nofth ofthe Gulkana River.



Distribution of Spawners
The proportion of steelhead returning to the
sparvning tributaries of the Upper Copper River
were estimated as the ratio of numbers of radio-
tagged fish migrating into these specific
spawning tributaries to the total number of
radio+agged fish surviving and migrating into
all spawn ing tributaries.

The daily radio-tagging rate and hours of tishing
ef'fort varied by day. To account for this
variation, each radio-tagged fislr *as assigned a
nurncric weight w, corresponding to the effort
expended (fi,), number of fish captured (,{). and
the number of fish radio-tagged (x,) on a given
day (l). The adjustcd count of fish radiotagged
on day / found in spawning tributaryrr \\'as:

R' ,, = w,R,

where:

(1)

R,, = the observed number of fish tagged on dav t
and fourrd in spawning tributary.l. Spawning
tributarics included the Chitina. Tonsina,
Klutina, Tazlina, Gulkana, and Cakona rivers,
which includes all tributaries upstream of the
Gulkana River.

Among fish that surr'ived and migrated into thc
spawning tributaries, the proportion of fish
found in tributary f was estimated as:

Variance was cstimated using bootstrap
resarnpJing techniques (Ef'ron and'Iibshirani
1993). Each bootstrap sample comprised a
simple random sample taken with rcplacement

from the total number of adjusted counts ( Ru ).

From each bootstrap sample the proportion of
.. ;r.spa\4ncrs In tflbutaD / ( /', ) was calculated [t)r a

total of l-000 boolslrap estimates.

Stock-Specifi c Run Timing
Run timing patterns were described as time-
density f'unctions (Mundy 1979), where thc
rclative abundance of Upper Copper River
steelhead retuming to spawning tributary I over
the total span ofthe run was described by:

f (;\- "',

Yp'
Z-" tt

t=l

where:

f0 the empirical temporal
probability distribution over the total span of the
run (L; for fish spawning in triburary / (or
portion thercof); and,

R',i = the subset of radio-tagged

steclhead bound for spawning triburary j that
were caught and radio-tagged on day /.

All radio-tagged fish assigned a fate of
"spawner" (Table 2) were used to determine
time-density functions.

lhe rnean datc of migration 1i,1 part rhc

capture site for fish spawning in tributary 7 was
estimated as:

. -\-, rt; trt=Lr.t tJ,J. (4)

the variance of thc mean date ot passage was
estimated as:

(3)

(i.t( x.ix'tx;=l , ll ----']:- | and
\4/\ x, -r /

T

!p'

(s)VarYY p'
L/r" I1

(2) r=l
i( -ti rQ,)

T

Tp'
/r" tl
t=l

Certain assumptions must be met to obtain
unbiased estimates of the spaw.rring distribution
and to describe run timing pattenls past the
capture sitc:

1. Radio+ctgging steelheud did not affect their
final spawning destination-

Design Considerations: While *'e did
not test this assumption, $'c have no
reason to believe that radio tagging has



draft

identified, other tasks had to be accomplished to simplily correction. While ADF&(} does
maintain paper fi1e copies of all nominations received, the method of filing nomination
by USGS 1:63,360 scale inch to mile (ITM) quadranglc map made locating specific
problem nominations difficult. To remedy this, all nominations on file were reordered by
nomination number. Once rearranged, in order by number, each nomination was
reviewed and compared to table entries to ensure the accuracy of individual cntries. This
review facilitated elimination of orphaned, lazy, or duplicate nominations and correction
of erroncous entries.

Once erroneous table entries were corrected, a comprehensive table was created which
combined entries fiom the changes and f-noms table. The resulting tablc was then.joined
to DSRI ARCGIS arc shapefile attribute table to relate,nomination inlbrmation to specific
water bodies listed in the AWC. Results of this comparison indicate that 5,172 of the
17,366 water bodies (30%) listed in the AWC are not substantiated u'ith nomination
information (Table 2).

Table 2. Numbers of total and undocumented AWC water bodies by region

Reeion # Anadromous water bodies #Undocumented water bodies (0/o)

4/q3 I I q]

1,423

3,939

6,142

3,sr(?q,

1,0s6(9,

17,3 zd,Q Y, t
6tl

Many oflhese unsubstantiated water bodies may have been included in
of the AWC before a nomination process existed.

Documentation of Existins AWC entries

Given the large number of unsubstantiated water bodies listed in the AWC, an cffort is
cunently underway to oonfirm that the each water body cunently listed in the AWC is
still important lbr the spawning, rearing, or migration of anadromous lish. After
unsubstantiated water bodies have been identified by region, each would be researched in
ADF&G literature to identifu possible historic references. If no historio documents can be
identified, lists of unsubstantiated water bodies will be sent to ADF&G area and field
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an affect on a fish's spawning
destination.

2. Captured .yteelhead h,erc radio-l.rgged in
prop()rlion to lhe magnitude ofthe run.

Design Considerations; The tagging
protocol described was designed in an
cflort to distributc radio tags
propoftional to passage of steelhead past

the tagging site over the duration ofthe
tun.

Previous radiotelemetry research on Chinook
salmon has shov'n that stock-specific differences
in run tinring can lead to biascd cstimates of
spawning distribution because tlre probahiiity of
capturing fish often varies ovcr time (Savereide
2004). This bias can be corrected lv'ith
adjustments to the distribution estimates based
on estimated total passage. l'assage refers to the
abundance of fish migrating past the capture
sitc. Using passage, rather than CI,UE, is
preferred because CPUE may not vary in
proporlion to passage due to fluctuations in gear
efficiency resulting lrom changes in river rratcr
Ievels and fish wheel placement. In this study,
no information on total passage was available;
therefore. the ability to detect and describe any
bias in the estimates of spawning distribution
rvas not possible. Honever, the magnitude of
this bias u.ould be small if stock-specific run
timing pattems past the capture site are similar.

RESULTS

Capture and Tagging
Stcelhead were captured lrom 15 August to 6

October, 2005 and l6 August to 29 Scptcmbcr
2006. A total of 59 stcclhead, 1,761 coho

salrnon, and 4,061 sockeye salmon were
captured in 2005. In 2006.46 sreelhead, 4,512
coho salmon, and 20,366 sockeye salmon were
captured. ln 2005, 57 steelhead rvere captured
rvith the fish wheel and the remaining t$,o rvere
captured by dip net. In 2006. all 46 steelhead
rvere captured with fish *'heels. A total of 53

and 42 steelhead were fitted with radio tags and
reieased in 2005 and 2006, respectively. In both
years. a number of captured steelhead were
determined to be in poor condition because of
overcrorvding in the live tank and were not
radio-taggcd.

In 2005, 88% pcrccnt of fish recordcd between
the capture site and the Ilaley Creek tracking
station reached the CSDN fishcry in 3 days or
less. ln 2006. 95% of fish recorded on tlre
tracking stations reached the CSDN fishery in 3

days or less. 'Iransit times through the CSDN
fishcry u'crc also rccordcd and thc majority of
fish migrated through the fishery in less than 5

days.

Fate Determination
During the study, 100% of the radio tags were
located in the Upper Copper River using aerial
and stationary radio-tracking techniques. A
total of 70 steelhead ',vere located in sparvning
areas, l8 were located just upstream or
downstream of the capture area, 2 were
harvested, and 5 were located in the mainstem
Copper River between the Tonsina and Klutina
rivers (Table 3). No radio tags failed to transmit
a signal and no radio{agged steelhead migrated
dorr.nslream until a fler sparr'ning.

'lable 3. Fates of radio-tagged steelhead in
the Upper Copper River, spring 2006 and 2007 .

Fate 2006 2007

Radio Failure

Fishery Mortality

Spawner

Llpstream Migrant

9

I

38

5

9

I

0
'fotal 53



Age Delermination
A total of 52 stcclhead lr.crc aged: 12 from the
2005 and 40 from the 2006 fall migrations. The
small number of scale samples taken in 2005
was due to the loss of the sampling kit rr'hen it

fell off the fish wheel platform into the river.
About 68% of the steelhead sampled were 6
years old (ages 3.2 and 2.3), while 5 (ages 2.2
and 3.1) and 7 (ages 3.3, and 4.2) year olds
comprised 20Yo and 9Vo, respectively (Table 4).

Table 4.-Number of stcclhead in cach agc class, Copper
River. 2005 and 2006.

Age

Year 2.2 ).t't-| 4.2 'l-otal

2005

2006

0

3

2

5

0

2

2

2

0

I

8

21

12

40

Distri b ution of Spaw n ers
'l'he daily radio-tagging rate and hours of fishing
effort varied by day (Tables 5-6). I'herefore,
adjusted counts of radio-tagged fish (equation l)
were used to estimate the proportion of fish in a
particular spawning tributary. All spawning
steelhead were located in three major drainages,
the Chitina, Tazlina, and Gulkana, in both years
of the study (Figures 3-ti). Kaina Creek, within
the Tazlina River drainage. acoounted for the
greatest proportion of spawners in both 2006
(0.23, SE=0.11) and 2007 (0.23, SE:0.08)
(Table 7). Dickey Lake (0.08, SE-0.06 in 2006
and 0. 1 l, SE=0.07 in 2007), rvithin the Gulkana
River drainage, and Hanagita Lake (0.00,
SE=0.00 in 2006 and 0.12, SE:0.06 in 2007),
within the Chitina River drainage, are
considered important spar.ning areas.

Stock-Speciftc Run Timing
As lvith estimates of spawning distribution.
weighted observations lor individual radio-
tagged fish (equation 1) were used to describe
run timing because tlre daily radio tagging rate
and hours of fishing effort varied by day.

Run-timing pattems past the capture site were
similar among the individual spawning stocks
within a particular ycar but varied betw,een years
(Figure 9). The mean date of passage for all
steelhead stocks within a particular year was
within 6 days of each other, but the mean date of

passage between years was over 30 days apaft
(Table 8).

Dor.rnstream run tirning. from sparvning streams
towards the ocean, was nrore variable and
protracted arnong the three rnajor spawning
stocks than upstream run timing past the capture
site to spa*ring strearns (Figures 9 and l0).

DISCUSSION
The precision of distribution and run timing
estimates was limited by our ability to capture
and successfully radio-tag steelhead. l'he
amount of fishing effort expended was not grcat
enough to radio-tag the desired number of
steelhead, and an unexpectedly high number of
tag failures decreased the sample size even
further. We suspect the bottlc-noscd type radio
tag (tapered at the antenna end) used were more
easily regurgitated than the more commonly
used non-tapered tags.

'I he interpretation of study objectives rvas

constrained by the lack of desired precision
around estimates of distribution and run timing.
The large standard errors associated with
estimated proportions of steelhead returning to
the spawning areas resulted in a propoftionate
amount of uncertainty in determining thc
magnitude of the run. In past years, the
estimated average annual abundance of
steelhead in Dickey and Hanagita lakes was 450
steelhead (Flcming 1999 and 2000, Wuttig et al.
2004). During our sludy. these lwo spawning
areas accounted for 0.08 (SE-0.06) and 0.22

l0



Table 5.-Fish wheel (FW), dip net (DN), and total (ft) hours fished, stcelhead captured 0{),
steelhead radio{agged (x,), and tagging rate (x/X,) by day, 2005.

FW I lours DN llours
Steelhead Radio 'l agging Rate

h, Steelhead (X) (x,) (x,/XJ

27 -Aug
28-Aug
29-Aug
3 0-Aug
3 I -Aug

I -Sep

2-Sep

4-Sep

6-Sep

7-Sep

8-Sep
q-qen

l0-Sep
I l-Sep
l2-Sep
l3-Sep
l4-Sep
l5-Sep
l6-Sep
l7-Sep
l8-Sep
l9-Sep
20-Sep

2l-Sep
22-Scp

24-Sep

26-Sep

27-Sep

28-Sep

29-Sep

30-Sep
I -Oct
2-Oct
3-Oct
4-Oct
5-Oct
6-Oct

24.0

0.0

6.5

24.O

24.0
24.O

24.0
23.5

23.8
24.0
24.0

24.0

24.O

24.0
24.0

9.0

24.0

24.0

24.O

24.()

22.0

24.0

23.5

23.3

24.0
23.6

24.0

24.0

24.0

24.0

r 6.0

24.0

23.4

24.0

24.0

24.0
23.4

24.0
24.0

24.0

1 3.0

0.0

0.0

0.0

0.0

0.0
0.0

0.0

0.0

0.0

2.0

L8
0,0
2.0

0.0
2.0

0.0
1.8

4.0
2.0
2.5

0.0

1.0

2.0
2.O

0.5

0.0

0.0

0.0

0.0
2.5

t.0
1.3

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

24.0

0.0

6.5

24.0

24.0
24.O

24.0

23.5

23.8

26.0

25.8

24.0

26.O

24.0

26.0

9.0

25.8

28.0

26.0

26.5

72.0

25.0

25.5

25.3

24.5
23.6

24.0

24.0

24.0

26.5

17 .0

25.3
23.4

24.0
24.0
24.0
23.4
24.0
24.0
24.0
13.0

t.0
0.0

0.0

0.0

1.0

0.0

0.0

0.0

0.0

0,0

0.0

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0

1.0

0.0

1.0

0.0

3.0

8.0

8.0

3.0

5.0

8.0

1.0

2.0

1.0

6.0

1.0

l_0

2.0

2.O

1.0

0.0

1.0

2.0

0.0

0.0

0.0

0.0
t.0
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
t.0
0.0

L0
0.0

3.0
8.0

4.0

3,0

5.0

8.0

1.0

2.0

1.0

5.0

1.0

1.0

2.0

2.0

1.0

0.0

1.0

2.O

0.0%
0.0%
0.0%
0.0%

100.0%

0.0%
0.0%
0.0%
0.OYo

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

100.0%

0.0%
t00.0%
0.0%

100.0%

100.0%

50.0%
100.0%

100.0%

100.0%

100.0%

100.0%

100.0%

83.3vo

100.0%

100.0%
100.0%

100.0%

100.0%

0.0%
100.0%

100.0%

"Fishing began on l5 August but no steelhead were captured until 27 August.
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Table 6.-Total (ft,) hours fished (fish wheels), steelhead captured (X,), steelhead

radio{agged (1), and tagging rate (jrl,Y,) by day,2006.

Datc h, Steelhead (X,) Steelhead Radio (x,) Tagging Rate (x,X,)
48.0

48.0

40.5

4l.0
48.0

48.0

48.0

48.0

47.0

3 9.0

42.0

48.0

48.0

46.5

48.0

48.0

48.0

48.0

46.5

40.0

37.5

34.0

3 8.0

44.0

48.0

48.0

48.0

48.0

48.0

48.0

48.0

48.0

44.0

16.0

24.0

24.0

24.0

24.0

l7-Aug
l8-Aug
l9-Aug
20-Aug

2l-Aug
22-Aug

24-Aug

26-Aug

27-Aug

28-Aug

29-Aug

30-Aug

3 | -Aug

l-Sep

2-Sep

4-Scp

6-Sep

7-Scp

8-Sep

9-Scp

10-Sep

I l-Sep

l2-Sep
I1-acn

14-Sep

l5-Sep

l6-Sep

17-Sep

l8-Sep

19-Sep

20-Sep

21-Sep

100.0%

0.0%

100.0%

0.0%

0.0%

0.0%

0.0%

0,0%

100.0%
().0%

0,0%

0.0%

100.0%

r00.0%

r 00.0%

100.0%

100.0%

0.0%

100.0%

100.0%

0.0%

0.0%

100.0%

100_0%

80.0%

100.0%

0.0%

100.0%

66.1%

80.0%
'7 5.0%

r00.0%

0.0%

0.0%

0.0%

0.0%

0.ovo

100.0%
" Fishing began on I 6 A ugust but no steelhead were captured until l7 August.
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Table 7. Spawning distribution of Uppcr Coppcr River stcelhead by
drainage (bold) and the proporlion of all spawners found in the primary
spawning areas (not bold) within each drainage in spring 2006 and 2007.

Chitina
I Ianagita Lake

Tazlina
Kaina Creek

Gulkana

Dickey Lakc

0.14
0.00

0.54

0.23

0.31

0.08

0.07

0.00

0.1I
0.06

0.10
0.0t|

0.09
0.07

0.38
().12

0.39
0.23

0.22
0.1I

0.1I
0.1I

0.10

0.06

t-J
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Figure 3.-Map of the Chitina River drainage demarcating the locations of radio-tagged

steelhead during fall migration (a), overwintering (A), and spring spawning (o) from fall 2005 to
sorins 2006.



Figure 4.-Map of the Chitina River drainage demarcating the locations of radio{agged
steelhead during fall migration (r), overwintering ( A ), and spring spawning (o) from fall 2006 to
spring 2007.



Figure 5.-Map of thc Tazlina River drainage demarcating the locations of radio_tagged
steelhead during fall migration (L:), overwintering ( a ), and spring spa*rring (o) from fall 200i to
spring 2006.
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Figure 6. Map of the Tazlina River drainage demarcating the locations of radio-tagged
stcclhead during fall migration (r). overwintering ( A ), and spring spawning (o) from fall 2006 ro
sonns luu /.
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Figure 7.-Map of the Gulkana River drainage demarcating the locations of radio-tagged
steelhcad during fall migration (t), overwintering ( A ), and spring spawning (o) from fall 2005 to
spring 2006.



Figure 8.-Map of the Gulkana River drainage demarcating the locations of radio-tagged
steelhead during fall migration (n), overwintering (A), and spring spawning (o) fiom fall 2006 to
spring 2007.
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Figure 9.-Upstream migratory run-timing ofsteelhead at the capture site for the three
major stocks in the Uppcr Copper River,2005 and 2006.
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Table 8.-Migratory timing statistics past the capture site ofthe three major steelhead
spawning stocks, 2005 and 2006.

Chitina Tazlina Gulkana Chitina Tazlina Gulkana
First Fish

Last Fish

Duration (days)

Mean Date Passage

sE (d)

2l-Sep
28-Sep

7

24-Sep

1.2

19-Sep

29-Sep

l0
22-Sep

0.7

19-Sep

l-Oct
t2

24-Sep

t.3

l7-Aug 30-Aug 3 I -Aug
23-Sep 15-Sep l6-Sep

37 16 16

7-Sep 10-Sep l0-Sep

7.9 2.0 2.3

21
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Figure 10.-Downstream migratory run timing ofsteelhead past the tributary tracking
stations for the three major stocks in the Uppcr Copper River, 2006 a]nd 2001 (data not
available for the Chitina stock in 2007 due to tracking station malfunction).
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(SE=0.09) of the steelhead spawning stocks in
2005 and 2006, respectively. Assuming the
spawning abundance of steelhead in Dickey and
Hanagita lakes is knorvn without error (450
steelhead) and incorporating the standard errors
around spawning distribution estimates, the
magnitude of the run ranges from -1.000 1o

45,000 steelhead between 2005 and 2006.

The mils of the estimated nrrr timing cunr'e arc
also sensitive to small sample sizes. For
example, in 2005, the first radio-tagged fish
failed to migrate upstream to a spawning
tributary. If this frsh was subsequently located
in a spawning tributary. it could have greatly
changed the run-timing estimate for that stock.

The small sanrple size also limited our ability to
locate spawning areas. For example, none ofthe
radio-tagged steelhead migrated to tributaries of
the Copper River upstrcam of the Gulkana River
or to the Klutina River, rvhere anglers have
reported catching steelhead. More importantly,
no radio-tagged stcclhcad wcrc locatcd in
Twelvemile Creek, i rich is a documented
spawning area. Howevcr, ovcr thc coursc ofthe
study, five undocumented spawning areas were
locatcd, rvhich included one in the Tazlina
drainage (Nickel Creek) and four in the Chitina
drainage (Chokosna River, (lilahina River,
Chakina River, and the Nizina River). The fact
that five new areas were documented with a
limited number of radio tags suggests that more
spawning areas are left to be identified.

CONCLUSIONS
Even though the relativcly small numbcr of
steelhead that were radio-tagged and
subscqucntly located limited study results.

several significant and interesting findings were
made. There arc numcrous spauning arcas
throughout the Gulkana, lazlina, and Chitina
drainages, and a number of them rvere
undocumented. The distribution of steelhead in
the Tazlina and Gulkana River drainages rvas

consistent with the distribution study done by
Burger et al. (1983). Dickey and Hanagita lakes
are likely inrpodant spawnimg areas, and account
for 0.22 of the total spawning population in
2007 .

The Tazlina River drainage appears to support
the largest spawning aggregation within thc
Upper Copper River, and within this drainagc
Kaina Creek may support the largest steelhead

spawning population within the Upper Copper
River. In both years of the study, Kaina Creek
accounted for 0.21 of the total sparvning
population.

Overwintering steelhead rlere located in a wide
range of habitats. Some steelhead ovenvintered
in their sparvning arca, while others overwinted
in the glacially occluded waters of mainstcm
Chitina and Copper rivers. The outlet ofTazlina
Lake was an impodant overwintering area for
the Tazlina population.

Stock-specific upriver run-timing past the
capture site indicated that among-year variability
for all stocks was greater than *ithin-year
variability. If all stocks have similar u'ithin year
run timing pattems, then all stocks may be

equally vulnerable to the commercial and

subsistence fisheries. During years when
steelhead run timing is early, steelhead could be
particularly vulnerable to harvest during the
coho salmon fishcry.

While the ulceftainty in our estimates did not
allow us to detcrmine the magnitude of the
steelhead run, arguments can be madc to
suggest the run is greater than 1,000 fish. While
other spawning populations are known lo occur
within thc Upper Copper River, the small
number of steelhead that were radio{agged
probably resulted in some spawning areas not
being represented. Even though the Dickey and
Hanagita lake areas are significant, there were
numerous other areas within each drainage, and
the 'l'azlina stocks rvere larger than the Dickey
and Hanagita stocks combined. Reported annual
subsistence hanests have ranged up to 114

steelhead, annual spofi harvests have generally
been less than l0 steelhead. and annual
comnrercial harvests are not rcported.
Numerous sparvning areas, annual subsistence
harvests, and the apparent, although
unsubstantiated. lranests in the commercial
fishery support the argument that the annual run
size to the tJpper Copper River is certainly
greater than 1,000 fl sh.



RECOMMENDATIONS
To provide more insight about the relative
abundance of Upper Copper River steelhead,
continued work nccds to be done to locate all of
tlre spawning areas. Because annual run tinring
is similar fbr all stocks. periodic monitoring of
the most significant stocks could provide an

indication of overall population status. For this
reason. periodically rnonitoring Kaina Creek,
Dickey Lake, and Hanagita Lake could provide
useful information on the general status the
Copper River steelhead run..

Given our experiences during this study, a large
increase in fishing effort would bc nccdcd to
capture and radio-tag sufficient numbers of
steelhead to estimate the magnitudc of thc total
run. This would again require the use of both
fish wheels and dip nets. Fish whccls allow
continuous fishing, but they are limited in their
abili6, to adapt to river flow and stage height.
Dipnetting on the other hand, allows fishernren
to place their gear and drift thcir boat through
multiple areas (near shore, lorv-flow, etc.) in
anempts lo llnd uhere thc fish are migrating
and/or holtling.

Thc proportion of radio{agged steelhead that
failed to nrigrate upstream, regurgitated their
tag, or died from handling was 16% (n:9) in
2005 and 2l% (n:9) in 2006. Studies on
steelhead in the Columbia, Snake. and Vedder-
Chilliwack rivers havc observed failure.
regurgitation. or retreat rates ranging tiom 30lo to
l0% (Kccfcr ct al. 2004; Nelson et al. 2005).
We feel the high failure rates in our study can be
largely attributcd to thc tapered radio tags we
used, For this reason, future work should be
done rvith a larger, non-tapcred radio tag.
Additionally, wrapping radio tags u'ith either a

mbber band or oiece of Velcro- has been shown
to reduce the regurgitation rate by approximately
5% (Keefer et al. 2004).
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Appendix A-l. Date tagged, final fate, and date past the tracking stations for every radio-tagged
steelhead, 2005.

Dut" lugg"d F,.,ru"n"y cnd" D.uinug" Finul r.ut"u Hul"! chirinn Totlinuo c;ulkuno
l5-Sep

l9-Scp
l9-Sep

19-Sep

20-Sep

20-Scp

20-Sep

20-Sep

20-Scp

20-Sep

20-Sep

2l-Sep
2l-Sep
2l-Scp

22-Sep

22-Sep

23-Sep

23-Scp
,J-\P^

24-Sep

24-Sep

2,1-Sep

24-Scp

24-Sep

26-Sep

26-Scp

27-Sep

28-Sep
)r-sPn

28-Sep

l-Oct
l-Oct
2-Ocl

2-Oct

155

ll?
456

3t6
416

496

5r6
516

tJ /
556

4t6
431

196

39s

355

375

537

556

395

4t6
496

516

517

si6
t /l

355

556

516

355

496

2l-Sep
l5 Gulkana llungry Hollow Crcck 2t-Sep
I i Gulkana Hungry I lollow Clreek 23-Sep

15 - I larvesled

l5 'fazlina ncar Nickel Creek
15 Tazlina

15 Gulkana
I5 Tiulina near I ludso Creek 23-Sep
l5 'Iazlina

l6-5ep
23-Scp

Kaina Crcck 20-Scp

mainstcm 20-Sep

Hudson Creek

6-Oct

-.2-od

6-Oci

- - 
'-'-"

24-Scp

-.4-oct

8-t)ct
3-Oct

r /-sep

.--
29-Scp 

- _

r : "'1"

l-Oct

.-.
l0-Scp

2(l0ct

| 5 Tazlina near Durham Creck 20-Sep
15 Tazlina
16 Tazlina
I6 Chitina
l6 Cullana
l6 Tazlina
l6 Culkana
16 Tazlina
16 Culkana
16 Tazlina

Nickel Creek 2l-Sep

mainstern 22-Sep

16 | a;.lina

l8 Tazlina
I 13 Gulkana

Kaina Creek 2l-Scp

Kaina Crcck 2l-Sep

21-Scp

2l -Sep

24-Sep

Kaina Crcck 2l-Sep
marnstem 24-Sep

mainstcn 24-Scp

Dickey Lake

Kaina Crcek
mainstenl

Nizina l{iver
Kaina Creck
NickelCreek
Kaina Creek

16 Tazlina near Hudson Creck 23-Sep
16 (lhitina

1'7 Tadina
I7 Tazlina

1'l l a7)inJ.

l7 Chitina
l7 Tazlina near Durham Crcck 24-Sep
17 CuLkana

l7 l azlina
17 Tazlina
17 (iulkana

l7 Chitina
I Il Tazlina
l8 Gulkana
I8 Chitina
18 I arina
| 7 Culkana
l8 (iulkana Hungr) |lollolr ( rcel

l',lizina Rivcr 25-Sep

Nickel Clreek

Dickcl Lake
l,akina Rivcr

24-Scp

27-Sep

24-Scp

28-Sep

28-Sep

29-Sep

N,liddle lrork 25-Sep

Kaina Creek 25-Scp

mainstem 28-Sep

mainstem 27-Sep

Chakina Rivcr

Nickcl Creek

mainstem

Kaina Crcck
mainstem

The final fate rvas thc fish's fufthest upstream pojnt and not nccessarily its spawning area.

'- No data exists firr the Tazlina tracking station in 2005 due to a software malfunction.
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Appendix A-2-Date tagged, final fate, and date past the tracking stations for every radio-tagged
stcelhead.2006.

Datc Taglied lirequency Codc l)rainage Final Fatcu Hale) Chitina Tazlina Culkana
l7-Aug

25-Aug

30-Aug

3l-Au8
2-Sep

2-Sep

2-Scp

4-Sep

5-Sep

5-Sep

5-Scp

5-Sep

It-Sep

9-Scp

9-Sep

9-Sep

l0-Scp
| 0-Sep

l0-Sep

I l-Sep

| | -Sep

l3-Scp

| 5-Sep

l6-Scp
I6-Sep

l6-Scp
l7-Sep

3'7 5

496

t /i

1tu

43'1

456

I16
195

5t6
537

496

l-r 7

416

556

316

395

516

537
.196

516

337

395

4t6
-l75

496

556

375

316

23 Chirina

23 Chilina
23 Chitina
22 Tazlina

22 Gulkana
23 Tazlina
23 Gulkana
23 I azlina
23 Chitina
23 lazlina
22 Chitina
22 Chitina
23 Chitina
22 Tazlina

23 l azlina

22 Gulkana
23 GLrlkana

22 Chitina
22 Chirina
23 lazlinn
19 Tazlina
t9 -

19 I azlina

19 Gulkana
22 Tazlina

19 Tazlina
19 Chitina
19 (iulkana

24 Chitina
21 (;ulkanil

24 Tazlina
24 Clhitina

Hanagita Lake

Hanagita l,ake

Cilahina Rivcr
Kaina Creek

mainstcnl

Kaina Creek

mainstem

lake outlct
l,akina River

Nickcl Crcck
(lhokosna River

Gilahina River
Hanagila Lake

Kaina Creek

Kaina Crcck
Middle fork
Middle l-ork

Hanagita Lakc
|.akina River

Nickcl Creek

Durham Crcck
Ilan,ested

Kaina Crcek

Dicke) Lake

lake outlet
Kaina Crcck
l-akina Ri\,er

Dickcy Lake

Lakina Rivcr
Dickcy Lake

lake outlet
Gilahina River

Kaina Crcck

- 22-Sep

- _ 
23-Sep

- 6-Oct
20-Sep

4-Ocl
20-Sep

25_Sep

: 
2e-_scrJ

- /-(JCt

27-Aug 2-Sep
28_

26-Aug Aug
29-Aug 2-Sep

30-Aug - 7-Sep

l-Sep l9-Sep
2-Sep - l8-Sep

2-Scp l9-Scp
2-Sep - l4-Sep
,l-Scp g-Sep l7-Sep
7-Sep - l7-Sep
5-Sep I0-Sep

7-Sep ll-Scp
6-Sep 8-Sep

8-Scp - l8-Sep
9-Sep

- ls-Sep
9-Sep l8-Sep
I l-Sep l3-Sep 23-Sep

l0-Sep I l-Sep

l0-Sep - 24-Sep

I I -Sep - 19-Scp

4'71 24 Tazlina

Thc final late was the fish's furthest upstream point and not necessarily its spawning area.
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