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ABSTRACT 

The abundance of medium and large chinook salmon Oncorhynchus tshawytscha that returned to spawn in 
the Unuk River in 1998 was estimated using a two-event mark-recapture experiment. Fish were captured 
in the lower Unuk River using set gillnets from June through July, and each healthy fish was individually 
marked with a solid-core spaghetti tag sewn through its back and was given two secondary batch marks in 
the form of an upper-left operculum punch and removal of the left axillary appendage. Spawning grounds 
sampling took place from July through August to estimate the fraction of the escapement that had been 
marked. 

During this study, 610 chinook salmon were captured in  the lower Unuk River, and 555 of these were 
marked and released alive. Of the marked and released fish, 466 were considered large (2660 mm mid 
eye to fork [MEF]), 87 were medium (401-659 mm MEF) and 3 were small ( 5 4 0 0  mm MEF) in size. 
On the spawning grounds, 924 fish were sampled; 707 were considered large fish, and of these, 79 were 
recaptures that had been previously marked in the lower river with spaghetti tags. Two hundred seventeen 
(2 17) medium fish were sampled, and 15 of these were recaptures. Thirty-two (32) small fish were 
sampled, of which 2 were age-1.0 fish (“mini-jacks”), 225 mm and 250 mm MEF in size. 

A modified Petersen model was used to estimate that 4, I32 (SE = 41 3, A4 = 466, C = 707, R = 79) large, 
I ,  I98 (SE = 290, A4 = 87, c‘ - 2 17, R = IS) medium, and 5,330 (SE = 497) fish >400 mm MEF in length 
immigrated into the Unuk River in 1998. An estimated 27% of this immigration was sampled during the 
project. Peak survey counts in August totaled 840 large chinook salmon, about 20% of the mark-recapture 
estimate of large fish, a trend seen in similar studies. Of the spawning population >400 mm MEF, 49% 
were estimated to be age-1.3 fish from the 1993 brood year, 23% were estimated to be age-1.4 fish, and 
24% were estimated to be age- 1.2 fish. 

Key words: spawning abundance, large and medium chinook salmon, Unuk River, mark-recapture, set 
gillnets, spaghetti tags, operculum punch, axillary appendage, Petersen model, peak survey 
counts. 

INTRODUCTION 

The  Unuk, Chickamin, Blossom, and Keta rivers 
are index streams for the chinook salmon 
Clncorhynchus tshawytscha escapement estima- 
tion program in Southeast Alaska (Pahlke 1997a). 
These systems traverse the Misty Fjords National 
Monument and flow into Behm Canal, a narrow 
saltwater passage east of Ketchikan (Figure 1). 
Peak single-day survey counts of “large” chinook 
salmon 2660 m m  mid eye to  fork of tail (MEF) 
are used as indices of escapement in each of these 
systems. These indices are roughly dome-shaped 
when plotted against t ime (since 1975) with peak 
values occurring between 1987 and 1990 (Pahlke 
1997a). Peak 1987-1 990 values of escapement are 
two to  five t imes greater than the “baseline” 
( 1975-1 980) o r  current values of the index. 

In 1992, recent low survey counts generated 
concern for the health of the Behm Canal chinook 

stocks. Historical data  for the t w o  largest Behm 
Canal systems, the Unuk and Chickamin rivers, 
were reviewed to  evaluate the status of these two  
stocks. It was not clear what  had caused recent 
declines in escapement. In response, the Divi- 
sion o f  Sport Fish began a research program on 
the largest chinook salmon producer in Behm 
Canal, the Unuk River. Goals of the program 
were to  estimate fall f ry  o r  smolt  production, 
escapement, total run size, exploitation rates, 
harvest distribution, and marine survival. 

The  current escapement goal for the Unuk River 
is 650-1,400 large fish counted in surveys, or 
about 3,000-7,000 total escapement of large fish 
(McPherson and Carlile 1997). Only large fish 
are counted in aerial surveys, because they can 
be distinguished with more confidence from 
other species that may be present and their size 
increases their visibility from the air. For our 
purposes, chinook salmon 2660 mm MEF are 
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considered large fish and ,qenerally consist of 
fish 3-ocean age or older Chinook salmon 
401 mm-659 mm MEF are considered medium 
fish, and chinook salmon .:400 m m  MEF are 
considered small fish. Indices of escapement on 
the Unuk  River are determined each year by 
summing the peak observer aerial and foot 
survey counts of large spawners observed in six 
tributaries; i.e., Cripple, Gene’s Lake, Kerr, 
Clear, and Lake creeks plus the Eulachon River 
(Pahlke 1997a). 

In an attempt to validate these indices of 
escapement and to estimate the fraction counted 
in the surveys, a radio telemetry study in 1994 
and mark-recapture experiments in 1994 and 
1997 were conducted (Pahlke et al. 1996; Jones 
et al. 1998). The 1994 radio telemetry study 
indicated that 83% (SE = 9%) of all spawning 
occurred in the six tributaries surveyed. The 
mark-recapture experiment in 1994 estimated 
4,623 large chinook salmon entered the river: the 
survey count of 71 1 fish represented 15% of this 
estimate. The mark-recapture experiment in 
1997 estimated 2,970 large chinook salmon 
entered the river: the survey count of 636 fish 
represented 21% of this estimate. The highest 
survey count on record occurred in I986 and was 
2,126 large fish (Pahlke 1997a). Average peak 
survey counts in the six index tributaries of the 
Unuk  River from 1977-1998 are distributed as 
follows: Cripple Creek (435 fish, 39%), Gene’s 
Lake Creek (326 fish, 30%), Eulachon River 
( 1  86 fish, 15%), Clear Creek (97 fish, 9%), Lake 
Creek (26 fish, 3%), and Kerr Creek (37 fish, 
4%). Cripple Creek and Gene’s Lake Creek are 
not surveyed from the air because of heavy 
canopy cover; survey counts in these areas are 
made on foot. All other index areas are surveyed 
by helicopter or on foot (Pahlke et al. 1996). 

Other studies on the Unuk River were based on 
coded wire tags (CWTs) inserted in chinook 
salmon juveniles of the 1982-1986 broods 
(Pahlke 1995). Indications from this research are 
that commercial and sport harvest rates on the 
Unuk River chinook salmon stock (age- 1.1-1.5) 
ranged between 14% and 24%; however, the 
precision of the harvest estimates was low, and 
escapement was inferred from the 1994 mark- 

recapture study expansion of 15% and an 
alternative expansion of 25% of spawners 
counted. 

Beginning in 1993, chinook salmon fall finger- 
lings, or young-of-the-year (YOY) ,  and spring 
smolt were tagged with CWTs on the Unuk  
River. Fall YOY tagging efforts were 13,789 in 
1993, 18,826 in 1994, 40,206 in 1995, 39,177 i n  
1996, 61,905 i n  1997, and 33,888 i n  1998. 
Spring smolt tagging efforts were 2,642 in 1994, 
3,227 in 1995, 7,456 in 1996, 12,517 i n  1997, 
and 17,121 in 1998 (Appendix A l ) .  The first 
returns of large fish from this effort (age- 1.3 fish 
from the 1992 brood year) returned i n  1997. 

The current stock assessment program for adult 
chinook salmon returning to the Unuk  River has 
three primary goals: (1)  to estimate escapement; 
(2) to estimate age distribution i n  the escape- 
ment; and (3) to sample escapement for the 
fraction of fish possessing CWTs by brood year. 
The results are essential to estimate the marked 
fraction of each brood for CWTd fish and to 
estimate harvest of this stock in current and 
future sport and commercial fisheries. These 
harvest and escapement data will enable us to 
estimate total run size, exploitation rates, harvest 
distribution, and marine survival for this 
important chinook salmon indicator stock i n  
southern Southeast Alaska. 

STUDY AREA 

The Unuk River originates i n  a heavily glaciated 
area of northern British Columbia and flows for 
129 km where it empties into Burroughs Bay, 
85 km northeast of Ketchikan, Alaska. The river 
drainage encompasses an area of approximately 
3,885 km2 (Pahlke et al. 1996). The lower 39 km 
of the river are in Alaska (Figure 2). In most 
years, the Unuk River is the fourth or fifth 
largest producer of king salmon in Southeast 
Alaska. Radio telemetry results from the 1994 
study showed that 83% of all chinook salmon 
spawning occurred in the six surveyed tribu- 
taries, all of which are within the United States 
(Pahlke et al. 1996). Fish trapping efforts in the 
CWT project indicate that most chinook salmon 
rear in the lower 39 km of the river. 
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METHODS 

A two-event mark-recapture experiment for a 
closed population was uscd to estimate the 
number of immigrant medium and large chinook 
salmon to the Unuk River in 1998. Fish were 
captured using set gillnets i n  the lower river for 
the first event and were sampled for marks with a 
variety of gear types on the spawning grounds 
for the second event. 

EVENT 1: SAMPLING IN THE LOWER RIVER 

Adult chinook salmon were. captured using set 
gillnets as they immigrated into the lower Unuk 
River between 7 June and 1:'; August 1998. The 
set gillnets were 37 m (120 ft) long by 4 ni (14 ft) 
deep with 18 cm (7%") stretch mesh. During the 
1997 mark-recapture experiment, the highest 
catches of adult chinook salmon occurred at one 
site and this site was used exclusively in 1998. 
This site (SNI)  is located approximately 2 miles 
upstream on the south channel or mainstem of 
the lower Unuk  River well below all known 
spawning areas, with the exception of the 
Eulachon River (Figure 3). 

Using two back-to-back shills of personnel, two 
set gillnets were fished at SNI (Figure 4) twelve 
hours per day, six days per week. One net 
(essentially a cross net) was attached to the shore 
and ran directly across a small slough to a fixed 
buoy placed just downstream of a small island 
(perpendicular to the main flow of the Unuk 
River). Another net (essentially a lead net) was 
then attached to the same fixed buoy and allowed 
to trail downstream along the eddy line formed 
between the Unuk River mainstem and the side 
s I o 11 gh . 

All fish captured, regardless of health, were 
sampled for age, sex, and length (ASL) prior to 
release. Length in MEF was measured to the 
nearest 5 m m  and sex was estimated from 
secondary maturation characteristics. Four 
scales were taken about 1 "  apart from the 
preferred area on the left side of the fish. The 
preferred area is two to three rows above the 
lateral line and between the posterior terminus of 
the dorsal fin and the anterior margin of the anal 
fin (Welander 1940). Scales were mounted on 

gum cards which held scales from ten fish, as 
described in ADF&G (1993). The age of each 
fish was later determined from the pattern of 
circiili (Olsen 1992), seen on images of scales 
impressed into acetate cards magnified 70x 
(Clutter and Whitesel 1956). The presence or 
absence of an adipose fin was also noted for each 
sampled fish. Those fish missing adipose fins 
were sacrificed, and their heads were sent to the 
ADF&G Tag Lab for detection and decoding of 
cw- r s .  

All captured fish judged healthy and possessing 
adipose fins were given three different marks: a 
uniquely numbered solid-core spaghetti tag, a 
clip of the left axillary appendage (LAA), and a 
left upper operculum punch (LUOP) 0.63 cm 
(%I1) in diameter then released. The two fin clips 
enable the detection of primary tag loss. The 
spaghetti tag consisted of a 5.71 cm (2%") 
section of laminated Floy tubing shrunk onto a 
38 cm (15") piece of 80-lb test monofilament 
fishing line. The monofilament was sewn 
through the back just behind the dorsal fin and 
secured by crimping both ends of the mono- 
filament in a line crimp. Excess monofilament 
was then trimmed off. Each spaghetti tag was 
individually numbered and stamped with an 
ADF&G phone number. 

EVENT 2: SAMPLING O N  THE SPAWNING 
GROUNDS 
Chinook salmon of all sizes were sampled on 
Cripple, Gene's Lake, Clear, Kerr, Dog Salmon, 
Lake, and Boundary creeks and the Eulachon 
River in  1998 (Figure 2). Various methods were 
used to capture these fish, including rod and reel, 
spear, dip net, set gillnet, and random carcass 
pickups. Use of a variety of gear types has been 
shown to produce unbiased estimates of age, sex, 
and length composition (McPherson et al. 1997; 
Jones et al. 1998). All inspected fish were given 
a left lower operculum punch (LLOP) to prevent 
double sampling. These fish were closely 
examined for the presence of the primary tag, the 
LUOP, the LLOP, and the LAA, for the absence 
of their adipose fin, and were sampled for ASL 
data using the same techniques employed in the 
lower river. Foot survey counts were also 
performed on each of the sampled tributaries on 
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at least one occasion. These counts were spaced 
approximately one week apart and coincided 
with the historical peak observed abundance. 

A B ~ J N D A N C E  BY SIZE 

Abundances of medium (401-659 mm MEF) and 
large (2660 mm MEF) fish were estimated 
separately, using Chapman's modification of the 
Petersen estimate (Seber 1982). Estimated abun- 

dance ( N ,  ) for each group was calculated: 

where M I  is the number of fish of size i sampled 

and marked during event 1 ,  C, is the number of 
fish of size i inspected for marks during event 2, 
and R, is the number of C, that possessed 
unique marks applied during event 1.  General 
assumptions (Seber 1982) that must hold for fi, 
to be a suitable estimate of abundance may be 
cast as follows: 

every fish has an equal probability of 
being marked in event 1, or every fish 
has an equal probability of being 
captured in event 2, or marked fish mix 
completely with unmarked fish; 

both recruitment and death (emigration) 
do not occur between sampling events; 

marking does not affect the catchability 
of an animal; 

animals do not lose their marks in the 
time between the two events; 

all marks are reported on recovery in 
event 2; and 

double sampling does not occur. 

the pooled Petersen estimator (equation 1 )  was or 
would be used to model the mark-recapture data; 
otherwise a temporally or spatially stratified 
estimator would be employed. Tests were made 
separately using the SPAS software program 
(Arnason et al. 1996). 

The possibility of size and sex selective sampling 
was also investigated, because assumption a can 
also be violated in this manner. The hypothesis that 
fish of different sizes were captured with equal 
probability was tested by using two Kolmogorov- 
Smirnov (K-S) 2-sample tests (a  = 0.05). These 
hypotheses tests and adjustments for bias are 
described in Appendix A.4. Because sampling in 
the lower river spanned the entire known immi- 
gration of fish into the U n u k  River and continued 
without interruption, the experiment is, due to 
the life history of the fish, closed to recruitment 
(assumption b). We were not able to test 
assumption c; however, we were careful to not 
harm or stress fish and we did not mark 
obviously injured fish. Radio telemetry studies 
in 1994 and 1996 have shown that chinook 
salmon survive and spawn using this type of 
capture method (Pahlke et al. 1996; Pahlke 
1997b). The effect of tag loss (assumption 6) is 
virtually eliminated by using the two secondary 
marks, and all fish captured during event 2 were 
inspected for marks (assumption e). Double 
sampling (assumptionfi of fish was avoided by 
marking all sampled fish during event 2 with a 
LLOP. 

Variance, bias, and confidence intervals for i?, 
were estimated with modifications of bootstrap 
procedures in Buckland and Garthwaite (1991). 
Fish were divided into four capture histories 
(Table 1). A bootstrap sample was built by 
drawing with replacement a sample of size I?, 
from the empirical distribution defined by capture 
histories. A new set of statistics was generated 
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sample n of size group i taken on the spawning 

Source of 
statistics Capture history Medium Large 

Marked and not 

tributaries 

Marked and 

trtbutarics 

Not marked, but 

tributaries 

Not marked and 
not sampled in 909 3,038 k, - h, -C, + R, 
tributaries 

sampled in 72 387 GI - R, 

rccapturcd in 15 79 R, 

captured in 202 628 c, - R, 

Effective 

simulations 
population for 1,198 4,132 iy: 

grounds, 

Information gathered using the lower river set 
gillnets was not used to estimate age or sex 
composition of the spawning population, because 
of the difficulty in sexing fish (many are ocean- 
bright and do not possess distinct secondary 
maturation characteristics). Samples gathered at 
each spawning grounds tributary were pooled 
together because investigations showed sampling 
on the spawning grounds had not been size- 
selective within a size group (Jones et al. 1998). 
Sample variance was calculated as: 

(4) 

Numbers of spawning fish by age were estimated 
as the summation of products of estimated age 
composition and estimated abundance within a 
size category: 

of bootstrap estimates and is an estimate of 
statistical bias in the latter statistic (Efron and 
Tibshirani 1993, Section 10.2). Confidence 
intervals were estimated from k( fi: ) with the I 

percentile method (Efron and Tibshirani 1993, 
Section 13.3). 

4 = x ( k / / f i , )  ( 5 )  

with a sample variance calculated according to 
procedures in Goodman (1 960): 

Variance was estimated as 

I 
N -* 

V ( i ? , * )  = ( B - l ) - ' x ( N / ; h )  -iiT,)? (2) 
h=l The proportion of the spawning population >400 

where B is the number of bootstrap samples. 
mm MEF composed of a given age was estimated 
as the summed totals across size categories: 

(7) 
fi. j. =.I 

.I fi 
AGE AND SEX COMPOSITION 

The proportion of the spawning population 
composed of a given age within medium or with a variance approximated according to 
large fish was estimated as a binomial variable 
from fish sampled on the spawning grounds: 

Procedures in Seber (19822 P. 8-9): 
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variances were also estimated with the equations 
above by first redefining the binomial variables 
in  samples to produce estimated proportions by 
sex I j k  , where k denotes gender (male or female), 
such that X k I j k  = I ,  and by age-sex i l k ,  such 

that z , k I j l k  = I .  

RESULTS 

TAGGING, RECOVERY A N D  ABUNDANCE 

Of 610 chinook salmon sampled in the lower 
river, 556 were tagged and released (Table 2). 
N inety-five percent of the catches occurred 
between 10 June and 21 July. Six fish were 
considered unhealthy upon capture and were not 
tagged. Of the 556 fish tagged, 3 were small, 87 
were medium, and 466 wete large. Forty-nine 
(49) fish sampled in the gillnets were missing 
adipose fins and were sacrificed. Of these, 65% 
were males. In general, the numbers of recap- 
tures sampled on the spawning grounds in each 
tributary and the dates when they were first 
marked occurred in rough proportion to numbers 
seen in the daily gillnet catches (Figure 5). 

The length distributions of marked medium, 
large, and medium and large fish combined were 
not significantly different than length distri- 
butions for fish recaptured on the spawning 
grounds (P = 0.99, P = 0.73, and P = 0.85; 
Figure 6). Thus, sampling on the spawning 
grounds was not size selective and the mark- 
recapture data did not need length stratification. 
Flowever, for our purposes the experiment was 

stratified by size, because we desired N,, for 
comparison with the aerial survey counts. I n  
contrast, length distributions of marked chinook 
salmon were comparable to those fish inspected 
on the spawning grounds for large fish (P = 0.77), 
but not for and medium and large fish (P = 0.01) 
and medium fish (P<O.OOI; Figure 7). Also, the 
fractions of medium and large chinook salmon 
with marks were significantly different (P = 0.07), 
indicating that medium fish were less likely to be 
captured in the lower river set gillnets. Thus, only 
ages from event 2 were used to calculate age and 
length compositions. 

Tests to determine if temporal or spatial strati- 
fication was needed were conducted by 
stratifying the mark-recapture data by three time 
and recovery periods as follows: 

Medium chinook salmon 
Cripple Gene’s Lake All 

Time Marks Creek Creek others 
Stratum 1 19 2 0 3 
Stratum 2 25 2 0 I 
Stratum 3 43 3 I 3 

u 77 67 58 

Large chinook salmon 
Cripple Gene’s Lake All 

Time Marks Creek Creek others 
Stratum 1 152 8 5 I 1  
Stratum 2 161 9 7 12 
Stratum 3 153 13 5 9 

I/, 263 185 180 

where U, is the number not marked. 

A test for equal proportions of marks in event 2 
by area suggests different fractions ( x 2  = 4.90, 
df = 2, P = 0.09) among medium fish inspected 
in the various tributaries (Cripple Creek: 0.083; 
Gene’s Lake Creek: 0.0 14; Clear/Kerr/Boundary/ 
Dog Salmon/Lake creeks/Eulachon River pooled: 
0.109). The test for equal proportions of marks 
from each marking stratum suggests equal fractions 
( xz = 1.61, df = 2, P = 0.45), so the pooled 
Petersen estimate was acceptable for medium fish. 
For large fish, marginally equal fractions were 
marked ( x 2  = 5.09, df = 2, P = 0.08) in the tribu- 
taries (Cripple Creek: 0.1 13; Gene’s Lake Creek: 
0.089; Clear/Kerr/Boundary/Dog Salmon/Lake 
creeks and Eulachon River pooled: 0.156); suffi- 
cient evidence therefore exists for use of the 
pooled Petersen estimate for large fish as well. 

Because observer survey counts of escapement 
are of large chinook salmon, estimates of 
abundance were stratified into medium and large 
fish to calculate an expansion factor for large 
fish. Estimated abundance of medium fish 

( N,,,,) on the spawning grounds in 1998 was 
1, 198 (SE = 290), based on 87 fish marked in the 
lower river ( Mnled) ,  217 fish inspected for marks 
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( kJJJc,~, ) on the spawning grounds. and IS recap- 
tured fish ( RnIe~,)  (Table 2). With a bias of 3.0%, 
the 95% confidence intervid for the estimated 
abundance of medium fish is 8 I5 to 1,903. 

Estimated abundance of large fish (Ilg) on the 
spawning grounds in 1998 was 4,132 (SE = 413) 
based on 466 fish marked i n  the lower river (klg) 
and 707 fish inspected for marks on the 

spawning grounds, and 79 recaptured fish (klg) 
(Table 2). With a bias of O.6%, the 95% 
confidence interval for the estimated abundance of 
large fish is 3,433 to 4,974. Only five ( 5 % )  of the 
94 recovered medium and large fish had lost the 
primary tag, and these were detected as marked 
fish from the presence of the left upper operculum 
punch (LUOP) and a missing left axillary 
appendage (LAA). I n  addition to the 924 medium 
and large fish sampled on the spawning grounds, 
32 small fish were sampled none of which were 
previously marked in the lower river. Six of these 
fish were missing adipose fins and were 
subsequently sacrificed. 

With a bias of 1.13%, the estimated abundance 
of all fish >400 mm MEF (fi = fi ,JJc,,, + filg ) for 
1998 was 5,330 (SE = 497), with a 95% 
confidence interval of 4,492 to 6,374. 

ESTIMATES OF AGE AND SEX COMPOSITION 

Age-1.2, age-1.3 and age-1.4 chinook salmon 
dominated the age compositions of fish 
>400 mm MEF (Appendix A3). However, 29% 
of all fish sampled on the spawning grounds 
were age-1.1 and age-1.2. Age-1.2 fish com- 
posed 24% (SE= 3.3%), age-1.3 fish 49% 
(SE = 2.9%), and age-1.4 fish 23% (SE = 1.7%) 
of the escapement of medium and large fish; 
61% (SE = 3.7%) were males (Table 3). Age- 
1.2 fish composed 78% (SE=2.8%) of the 
medium fish (Figure 8), which, except for 1 
fish, were 100% males. Age- 1.3 fish accounted 
for 62% (SE = 1 A%), and age- 1.4 fish for 29% 
(SE = 1.7%) of all large fish in the escapement; 
50% (SE = 1.9%) were males, and an estimated 
2,092 (SE = 294) were spawning females. 

In the gillnet sampling i n  the lower river, mostly 
large fish were captured consisting of 5% age- 1.2 
fish, 68% age-1.3 fish, and 27% age-1.4 fish 
(Appendix A3). Among medium fish sampled, 
88% were age-1.2, 6% were age-1.1, and 6% 
were age- 1.3 fish. I n  general, sex compositions 
of large fish sampled in the lower river were the 
same as those from the combined spawning 
grounds samples (males 50%). Table 4 and 
Figure 8 show lengths by age of all fish sampled 
for length and successfully aged on the spawning 
grounds. In general, length compositions were 
very similar between samples gathered in tlic 
lower river and on the spawning grounds, within 
sex and age class. 

DISCUSSION 

At the inception of this study, we were con- 
cerned that fish bound for the various spawning 
tributaries might be unevenly distributed across 
lower river entry channels and that fish bound for 
some areas (i.e., Eulachon River) may be 
disproportionately sampled. In the 1994 study, 
two set gillnet sampling sites were used to 
capture and mark fish. Radio telemetry and 
spaghetti tag recoveries from that study showed 
that fish bound for the various spawning 
tributaries were tagged in nearly equal propor- 
tions at two different set gillnet sites (Pahlke et 
al. 1996). In the 1997 study only one set gillnet 
site was used to capture fish (Jones et al. 1998). 
It was evident from that study that fish bound for 
the various spawning tributaries, including the 
Eulachon River, were tagged in nearly equal 
proportions using this one site. Therefore, this 
year we again used only one sampling site, 
located on the mainstem of the lower U n u k  River. 
As was the case in the 1994 and 1997 studies, fish 
bound for the Eulachon River migrated into and 
matured in the Unuk mainstem and thus were 
susceptible to capture. As was the case in 1997, 
the marked fraction of fish sampled from the 
Eulachon River (25%) appeared higher than the 
average marked fraction observed in other 
sampling sites combined (1 l%), although these 
values were not significantly different ( x 2  = 1.7 I ,  
d f =  I ,  P=0.19). 

Predators such as bald eagles Haliaeetus 
leucocephalus, harbor seals Phoca vitulina, 
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Figure 8.-Numbers of chinook salmon sampled by length and ocean-age at all eight tributary 
spawning sites on the Unuk River in 1998. 

brown bears Ursus arctos, black bears U 
crmericcrncr, and river otters Lutra canadensis 
were again commonly seen in the study area in 
1998. In response to the prcsence of predators, 
fish may benefit from milling in the deep glacial 
waters, pools, or in  lake areas of the Unuk River 
for extended periods of time while ripening prior 
to spawning i n  order to minimize contact with 
predators. This would provide one explan- 
ation for the higher ratio of‘ markedhnmarked 
fish observed in the Eulachon River, as this 
spawning site is one of the closest to the gillnet 
site. The 1994 study noted such behavior by 
fish tagged with radio transmitters. In some 
cases, the fish remained i n  the lower Unuk 
River for extended periods of time or even 
returned to the ocean or backed-down prior to 
moving upriver (Pahlke et al. 1996). This 
backing-down phenomenon of tagged chinook 
salmon has been observed in other studies 
(Milligan et al. 1984; Johnson et al. 1992; 
Bendock and Alexandersdottir 1993; Johnson 
1993; Eiler et al. In prep) .  

In the 1994 study, 86% of fish tagged with radio 
transmitters were successfully tracked to the 
spawning grounds, although some fish displayed a 
“sulking” behavior or a delay in upstream 
migration (Pahlke et al. 1996). Such behavior 
may have been present in this year’s study; 
however, we feel confident that over the long term 
marked and unmarked fish died at the same rate, 
and that the estimated abundance is therefore 
unbiased (Seber 1982). Loss of primary tags was 
not a problem in this study, as only four large 
males and one large female were captured missing 
a primary tag. In all cases, secondary tags were 
clearly visible on recaptured fish, once in hand. 

The success of this mark-recapture experiment 
rests largely on the assumptions that fish were 
marked in proportion to their passing abundance, 
and that every fish had an equal chance of being 
inspected. The statistical tests performed and the 
output from SPAS (Arnason et al. 1996) suggest 
that large fish were marked in proportion to their 
abundance and that medium fish marked at 
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different times were captured with equal 
probabi I ities at different recovery locations. 
Thus, our estimates of abundance pertain to all 
chinook salmon spawning i n  the U n u k  River, 
including the Eulachon River. 

As was the case in  1997, use of gillnets in the 
lower river appeared to be selective toward 
bigger medium fish, yet almost all sizes of large 
fish were captured. I n  1997. not a single age-1.1 
fish was captured in the gillnets; however, this 
year age-1.1 fish were substantially larger than 
those seen on the spawning grounds in 1997 and 
consequently five age- 1 . 1  fish were captured i n  
the gillnets. 

For large fish, very little difference i n  age and 
sex composition occurred between gillnet and 
spawning ground samples (Appendix A3, panels 
C and D). In addition, there was no significant 
difference between the length distributions of 
large fish tagged versus tho\e fish recaptured or 
inspected (Figures 6 and 7). 

Female chinook salmon tend to die on or near 
their redds whereas males usually drift 
downstream in a moribund state after spawning 
(Kissner and Hubartt 1986). Because of this 
behavior, estimate5 of age, sex, and size 
composition for fish sampled in carcass-only 
surveys tend to be biased towards females, which 
are also larger fish on average. To help compen- 
sate for this we used various sampling techniques 
such as rod and reel snagging and lure fishing, 
spear, gillnet, dip net, and carcass-only surveys 
during sampling on the spawning grounds. Using 
various types of gear has been shown to reduce 
bias in age, sex, and length compositions 
(McPherson et al. 1997; Jones et al. 1998). Foot 
surveys of abundance were used to approximate 
the amount of effort required to sample various 
spawning sites in proportion to abundance. 
Therefore, when estimating abundance and age 
and sex composition for the watershed, it was 
presumed that the combined samples from the 
various spawning tributaries for medium and large 
fish were representative of thc total population. 

The 95% relative precision (RP) of mark- 
recapture estimates of abundance has been 
shown to improve in consecutive years of study. 
On the Chickamin River, RPs of *61% and 

*25% occurred in 1995 and 1996 (Pahlke 1996, 
1997b). On the Unuk River, RPs of *54% and 
+17% occurred in 1994 and 1997. These results 
suggest that knowledge gained from previous 
mark-recapture studies is beneficial and posi- 
tively influences the success of future studies. 
This year our goal was to achieve results similar to 
those obtained during 1997 (Jones et al. 1998), and 
a 95% RP of &20% (CV = 10%) was obtained, an 
excellent level of precision for a detailed stock 
assessment study. 

As was the case in the 1997 study, the estimated 
abundance of large fish was considerably greater 
than corresponding estimates obtained from the 
peak survey counts. Observer bias resulting i n  
underestimation of the actual abundance is a 
common pattern seen i n  other studies of chinook 
salmon in Southeast Alaska and i n  northern 
British Columbia (Johnson et al. 1992; Pahlke et 
al. 1996; McPherson et al. 1997; Jones et al. 
1998) and of salmon in general (Jones 1995). 
This year, about 20% (840) of the estimated 
4,132 large fish immigrating to the U n u k  River 
were counted in the peak survey count. This 
percentage is similar to that of the 1994 and 1997 
studies and the 1995 and 1996 Chickamin River 
studies (Table 5 )  (Pahlke 1996, 1997b, Pahlke et 
al. 1996; Jones et al. 1998). 

This ongoing study is designed to estimate the 
escapement of chinook salmon in the U n u k  River 
and is an integral part of a larger full stock 
assessment program which estimates the total run 
size, exploitation rate, harvest distribution, marine 
survival, and other population parameters for 
these fish. Fall juvenile and spring chinook 
salmon smolt have been tagged with CWTs since 
the fall of 1993 (1992 brood year). Good 
numbers of these fish returned in 1997 and 1998 
as evidenced by the 50 CWTs recovered i n  1997 
(Jones et al. 1998) and the 102 recovered in 1998 
(Appendix A]).  Since juvenile and smolt tag- 
ging was initiated, greater numbers of fish have 
been tagged with CWTs in each subsequent 
brood year (Appendix Al).  This has translated 
into a higher ratio of marked:unmarked adults 
sampled from each of these brood years: the ratio 
for the 1992 brood year was 3.5% vs. 9.6% for 
the 1993 brood year (Appendix Al). 
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In  recent years, peak survey counts of escape- 
ment have been at or below the 20-year average 
of 1,106 large fish: 71 1 i n  1994, 772 i n  1995, 
1,167 in  1996, 636 in 199?, and 840 i n  1998. 
I he escapement goal range, expressed i n  survey 
counts, for this stock is 650 to 1,400 large 
spawners (McPherson and Carlile 1997). The 
recent survey counts have generally been in the 
lower half of this range, but our recent work 
indicates that returns in the near future may be 
larger. An estimated 1,269 (SE = 45) age- 1.2 
(1994 brood year) fish returned to the Unuk  
River in 1998 (Table 3). rhis unusually high 
percentage (24%) and number of fish in  the 
overall escapement was similar to that seen in 
1997 (25%; Jones et  al. 1998) and nearly doubles 
the percentage (13%) seen i n  1994 (Pahlke et al. 
1996). Also, the 1993 brood year produced an 
estimated 2,589 age-1.3 fish in 1998. In 1999, 
age- 1.3 and age-1.4 fish will be returning from 
the 1993 and 1994 brood years, and if the brood 
year strength seen in 1998 continues, we should 
expect the 1999 escapement to be larger than that 
seen in 1998. 

,. 

CONCLUSIONS AND 
RECOMMENDATIONS 

Because this project will be performed again i n  
1999, we recommend some strategies for con- 
tinued success. As in 1997 and 1998, at least the 
same number of medium and large fish should be 
tagged in both the marking and recapturing 
events. SNl will continue to be used as the 
marking site. Knowledge of run timing gathered 
in 1994, 1997, and 1998 should be used as an 
indicator of peak spawning abundance and 
optimum sampling periods. 

In 1997 and 1998, very few fish lost their 
primary tags, and we feel that this is mainly due 
to the use of the stronger, more durable 80-lb test 
monofilament in spaghetti tags and to increased 
efficiency in their application. Therefore, we will 
use the same primary tag and the same secondary 
marks in 1999. 

We recommend that survey counts continue in a 
similar manner as those made in the past and that 
observers attempt to maintain consistency in 
counting efficiency from year to year. 

Finally, the age, sex, and length composition 
estimates from the 1997 and 1998 studies have 
been relatively unbiased, which is primarily attri- 
butable to the use of multiple capture gear during 
spawning grounds sampling. Thus, we will be 
continuing this practice in future years. 

ACKNOWLEDGMENTS 

We thank Brett Hiatt, Eric Raitanen, Tim 
Schantz, and Schyler Winnen of ADF&G for 
operating the gillnets used to capture and tag fish 
in the lower Unuk River and for their efforts in 
capturing tagged and untagged fish on the 
spawning grounds; Cliff Kemmerling for his help 
during gillnet tagging; Jim Andel for help with 
the spawning grounds sampling; Amy Holm for 
helping plan the project, logistic support, daily 
camp communication, and an outstanding job i n  
expediting equipment and materials needed to 
run this project; Keith Pahlke for performing the 
aerial counts of spawning abundance and for 
project planning and assistance; Bob Marshall 
for his biometric support; Dale Brandenburger 
for assistance in data entry; and Alma Seward for 
preparation of the final manuscript. 

LITERATURE CITED 

ADF&G (Alaska Department of Fish and Game). 
1993. Length, sex, and scale sampling procedure 
for sampling using the ADF&G adult salmon age- 
length mark-sense form version 3.0. Commercial 
Fisheries Management and Development Division, 
Douglas. 

Arnason, A. N., C. W. Kirby, C. J. Schwarz, and J. R 
Irvine. 1996. Computer analysis of data from 
stratified mark-recovery experiments for 
estimation of salmon escapements and other 
populations. Canadian Technical Report of 
Fisheries and Aquatic Sciences. 2106: 37 p. 

Bendock, T. and M. Alexandersdottir. 1993. Hooking 
mortality of chinook salmon released in the Kenai 
River, Alaska. North American Journal of Fisheries 
Management 13:540-549. 

Buckland, S. T. and P. H. Garthwaite. 1991. 
Quantifying precision of mark-recapture estimates 
using the bootstrap and related methods. 
Biometrics 47:255-268. 

18 



LITERATURE CITED (Continued) 

Clutter, R. and L. Whitesel. 1956. Collection and 
interpretation of sockeye salmon scales. Bulletin 
of the International Pacific Salmon Fisheries Com- 
mission 9, New Westminster, British Columbia. 

Efron, B. and R. J. Tibshirani. 1993. An introduction 
to the bootstrap. Chapman and Hall, New York. 

Eiler, J., M. M. Masuda, J. Pella. H. R. Carlson, R. F. 
Bradshaw, and B. D. Nelson. In prep. Stock 
composition, escapement estimate, and timing of 
chinook salmon returns in the Taku River, Alaska 
and British Columbia. 

Goodman, L. A. 1960. On the exact variance of 
products. Journal of the American Statistical 
Association 55:708-713. 

Johnson, R. E. 1993. Chilkat River chinook salmon 
studies, 1992. Alaska Department of Fish and 
Game, Division of Sport Fish, Fishery Data Series 
93-50, Anchorage. 

Johnson, R. E., R. P. Marshall, and S. T. Elliott. 1992. 
Chilkat River chinook salmon studies, 1991. 
Alaska Department of Fish and Game, Division of 
Sport Fish, Fishery Data Series 92-49, Anchorage. 

Jones, E. L. 111. 1995. Observer variability and bias in 
estimation of Southeast Alaska pink salmon 
escapement. Master’s thesis, University of Alaska 
Fairbanks, Juneau. 

Jones, E. L. Ill ,  S. A. McPherson, and D. L. Magnus. 
1998. A mark-recapture experiment to estimate 
the escapement of chinook salmon in the Unuk 
River, 1997. Alaska Department of Fish and 
Game, Fishery Data Series No. 98-23, Anchorage. 

Kissner, P. D., Jr. and D. J. Hubartt. 1986. A study of 
chinook salmon in Southeast Alaska. Alaska 
Department of Fish and Game, Annual Report 
1985-1986, Project F-10-1,27 (AS-41). 

McPherson, S. A. and J. K. Carlile. 1997. Spawner- 
recruit analysis of Behm Canal chinook salmon 
stocks. Alaska Department of Fish and Game, 
Division of Commercial Fisheries Management and 
Development, Regional Information Report 1597-08, 
Juneau. 

McPherson, S. A., D. R. Bernard, M. S. Kelley, P. A. 
Milligan, and P. Timpany. 1997. Spawning abun- 
dance of chinook salmon in the Taku River in 1996. 

Alaska Department of Fish and Game, Fishery Data 
Series No. 97-14, Anchorage. 

Milligan, P. A., W. 0. Rublee, D. D. Cornett, and 
R. A. C. Johnston. 1984. The distribution and 
abundance of chinook salmon in the upper Yukon 
River basin as determined by a radio-tagging and 
spaghetti tagging program: 1982-1 983. Department 
of Fisheries and Oceans, Yukon River Basin Study, 
Technical Report 35. Whitehorse, Yukon Territory. 

Olsen, M. A. 1992. Abundance, age, sex and size of 
chinook salmon catches and escapements in 
Southeast Alaska in 1987. Alaska Department of 
Fish and Game, Division of Commercial Fisheries, 
Technical Fishery Report 92-07, Juneau. 

Pahlke, K. A. 1995. Coded-wire tagging studies of 
chinook salmon on the Unuk and Chickamin rivers, 
1983-1993. Alaska Department of Fish and Game, 
Alaska Fishery Research Bulletin Series 2(2):93- 1 13. 

Pahlke, K. A. 1996. Abundance of the chinook salmon 
escapement on the Chickamin River, 1995. Alaska 
Department of Fish and Game, Division of Sport 
Fish, Fishery Data Series No. 96-37, Anchorage. 

Pahlke, K. A. 1997a. Escapements of chinook salmon in 
Southeast Alaska and transboundary rivers in 1996. 
Alaska Department of Fish and Game, Division of 
Sport Fish, Fishery Data Series No. 97-33, Anchorage. 

Pahlke, K. A. 1997b. Abundance and distribution of the 
chinook salmon escapement on the Chickamin River, 
1996. Alaska Department of Fish and Game, 
Division of Sport Fish, Fishery Data Series No. 97- 
28, Anchorage. 

Pahlke, K. A., S. A. McPherson, and R. P. Marshall. 
1996. Chinook salmon research on the Unuk River, 
1994. Alaska Department of Fish and Game, 
Division of Sport Fish, Fishery Data Series No. 96- 
14, Anchorage. 

Seber, G. A. F. 1982. On the estimation of animal 
abundance and related parameters, second edition. 
MacMillan and Company, New York. 

Welander, A. D. 1940. A study of the development of 
the scale of the chinook salmon (Oncorhynchus 
tshuwytschu). Master’s thesis, University of 
Washington, Seattle. 

19 





APPENDIX A 

21 
















	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF APPENDICES
	ABSTRACT
	INTRODUCTION
	STUDY AREA
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS AND RECOMMENDATIONS
	ACKNOWLEDGMENTS
	LITERATURE CITED
	APPENDIX A

