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ABSTRACT 

The abundance of medium and large chinook salmon Oncorhynchus tshawtscha that returned to spawn 
in the Unuk River in 1997 was estimated using a 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 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, 404 chinook salmon were captured in the lower Unuk River, and 382 of these were 
marked and released alive. Three hundred seven (307) fish were considered large (2660 mm mid-eye to 
fork [MEF]) and 75 were considered medium (401-659 mm MEF) in size. At the spawning grounds, 965 
fish were sampled; 761 were considered large fish, and of these, 78 were recaptures which had been 
previously marked in the lower river with spaghetti tags. One hundred fifty-six (156) medium fish were 
sampled, and 16 of these were recaptures. 

A modified Petersen model was used to estimate that 2,970 (SE = 277, M = 307, C = 761, R = 78) large, 
701 (SE = 158, M =  75, C = 156, R = 16) medium, and 3,671 (SE = 320) fish >400 mm MEF in length 
immigrated into the Unuk River in 1997. An estimated 32% of this immigration was sampled during the 
project. Peak survey counts in August totaled 636 large chinook salmon, about 21% of the mark- 
recapture estimate of large fish, a trend seen in similar studies. Of the spawning population >400 mm 
MEF, 38% were estimated to be age-1.4 fish from the 1991 brood year, 34% were estimated to be age-1.3 
fish, and 25% were estimated to be age-1.2 fish. 

Key words: 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 
traverse the Misty Fjords National Monument and 
are index streams for the chinook salmon 
Oncorhynchus tshawytscha escapement estima- 
tion program in Southeast Alaska (Pahlke 1997a). 
These systems flow into Behm Canal, a narrow 
saltwater passage east of Ketchikan (Figure 1). 
Indices of escapement-peak single-day survey 
counts of “large” chinook salmon 2660 m m  
mideye to fork of tail ( M E F F i n  each of these 
systems are roughly dome-shaped when plotted 
against time (since 1975), with peak values 
occurring between 1987 and 1990 (Pahlke 1997a). 
Peak 1987-1 990 values of escapement are two to 
five times greater than the “baseline” (1975- 
1980) or current values of the index. 

Concern for escapements in Behm Canal systems 
reached high levels in 1992, and historical data 
on the two major Behm Canal systems, the Unuk 
and Chickamin rivers, were reviewed to evaluate 

the status of stocks in these systems. During this 
review, the Division of Sport Fish agreed to  
begin a research program on the Unuk River, the 
largest chinook salmon producer in Behm Canal. 
Goals of the program are to estimate escape- 
ment, total run size, harvest rates, and harvest 
distribution for chinook salmon older than 3- 
ocean age from the two most important Behm 
Canal systems, the Unuk and Chickamin rivers. 

The current escapement goal for the Unuk River 
is 650-1,400 large fish counted in surveys, o r  
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 
considered large fish and generally consist of fish 
3-ocean age or older, chinook salmon 401 mm- 
659 mm MEF are considered medium fish, and 
chinook salmon 1400 mm MEF are considered 
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small fish. Escapement in the Unuk River is 
determined each year by summing the peak 
observer aerial and foot survey counts of large 
spawners observed in six index tributaries (i.e., 
Cripple, Gene’s Lake, Kerr, Clear, and Lake 
creeks plus the Eulachon River). 

In an attempt to validate these survey areas and 
to estimate the fraction counted in the surveys, a 
mark-recapture experiment and radio telemetry 
study were conducted in 1994 (Pahlke et al. 
1996). The radio telemetry study indicated that 
83% (SE = 90/) of all spawning occurred in the 
six tributaries surveyed. The mark-recapture 
experiment estimated 4,623 large chinook salmon 
entered the river: the survey count of 71 1 fish 
represented 15% of this estimate. The highest 
survey count on record was 2,126 large fish and 
occurred in 1986 (Pahlke 1997a). Average peak 
survey counts in six Unuk River tributaries for 
1977-1 996 were distributed as follows: Cripple 
Creek (454 fish, 40%), Gene’s Lake Creek (334 
fish, 29%), Eulachon River (209 fish, 18%), 
Clear Creek (93 fish, 8%), Lake Creek (26 fish, 
2%), and Kerr Creek (29 fish, 2%). 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). 

Previous studies on the Unuk River were based 
on coded wire tags (CWTs) inserted in chinook 
salmon juveniles of the 1992-1996 broods 
(Pahlke 1995). Indications from this research 
are that commercial and sport harvest rates on 
the Unuk River chinook salmon stock (age-l.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 approxi- 
mately 14,000 in 1993, 20,000 in 1994, 40,000 
in 1995, 40,000 in 1996, and 62,000 in 1997. 
Spring (smolt) tagging efforts were 3,000 in 

1994, 3,300 in 1995, 8,000 in 1996, 12,500 in 
1997, and 17,000 in 1998 (Appendix A3). The 
first returns of large fish from this effort (age- 
1.3 fish from the 1992 brood year) returned in 
1997. 

The goals of the current sampling program for 
adult chinook salmon returning to the Unuk 
River are threefold: (1) to estimate escapement; 
(2) to estimate age distribution in 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 in current and future sport and 
commercial fisheries. These harvest and escape- 
ment data will enable us to estimate total run 
size, harvest rates, and distribution of harvests 
for this important chinook salmon indicator 
stock in southern Southeast Alaska. 

The objectives of this study were to estimate 
abundance of medium and large chinook salmon 
spawning in the Unuk River in 1997 and to 
estimate the age and sex composition of these 
fish. 

STUDY AREA 

The Unuk River originates in 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 lower 
39 km of the river are in Alaska (Figure 2). The 
Unuk River is the fourth largest producer of king 
salmon in Southeast Alaska (Pahlke et al. 1996); 
its drainage encompasses an area of approxi- 
mately 3,885 km’. In 1994, 86% of all chinook 
salmon spawning occurred in the six index 
spawning tributaries, all of which are within the 
United States border (Pahlke et al. 1996). It is 
believed that the majority of chinook salmon 
rear in the lower 39 km of the river. 

METHODS 

A two-event mark-recapture experiment for a 
closed population was used to estimate the 
number of immigrant medium and large chinook 
salmon to the Unuk River in 1997. Fish were 
captured by set gillnet in the lower river for the 
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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 sampled by set gillnet 
as they immigrated into the lower Unuk River 
between 11 June and 24 July 1997.  They were 
captured in set gillnets 120 ft long by 14 ft deep 
with 7.25� stretch mesh.  Set gillnets were fished 
initially at two locations for the first 13 days, but 
one site did not produce any catches of chinook 
salmon.  The decision was therefore made to fish 
at one site exclusively, using two back-to-back 
shifts of personnel.  This site (SN1) was 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). 

Two set gillnets were fished at SN1 (Figure 4). 
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 mainstem and the 
side slough.  This net configuration produced 
high catches of adult chinook salmon and was 
employed for the duration of the set gillnet 
sampling.  

Regardless of health, each fish captured was 
sampled for age, sex, and length (ASL) prior to 
release.  Length in MEF was measured to the 
nearest 5 mm 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 des-
cribed in ADF&G (1993).  The age of each fish 
was later determined from the pattern of circuli 
(Olsen 1992), seen on images of scales impressed 
into acetate cards magnified 70� (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 inspection for presence of CWTs. 

All captured fish judged healthy and possessing 
adipose fins were marked and released.  Each 
fish was given three different marks: a primary 
mark, being a uniquely numbered solid-core 
spaghetti tag, and two secondary marks, one 
being a clip of the left axillary appendage (LAA) 
and the other being a left upper operculum 
punch (LUOP) ¼� in diameter.  The spaghetti 
tag consisted of a 2¼� section of laminated Floy 
tubing shrunk onto a 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 monofilament in a line crimp. The excess 
monofilament was then trimmed off. Each 
spaghetti tag was individually numbered and 
stamped with an ADF&G phone number. 

EVENT 2:  SAMPLING ON THE SPAWNING 
GROUNDS 
Fish were sampled on Cripple, Gene’s Lake, 
Clear, Kerr, Dog Salmon, Lake, and Boundary 
creeks and the Eulachon River in 1997 (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).  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 sampled for AWL data using 
the same techniques employed during the lower 
river sampling.  Foot survey counts were also 
performed on each of the sampled tributaries. 
These counts were spaced approximately one 
week apart and were adjusted to coincide with 
the historical peak observed abundance. 

ABUNDANCE BY SIZE 
Separate experiments and estimates were 
generated for both size groups, since sampling is/ 
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was size-selective for large fish.  Abundance of 
medium (401–659 mm MEF) and large (�660 mm 
MEF) fish was estimated separately, by using 
Chapman’s modification of the Petersen estimate 
(Seber 1982, p. 60).  Estimated abundance ( iN̂ ) 
was calculated as 

1
)1(

)1)(1(ˆ
�

�

��

�

i

ii
i R

CM
N  (1)

where iM  is the number of fish of size i 
sampled and marked during event 1, iC  is the 
number of fish of size i inspected for marks 
during event 2, and iR  is the number of iC  that 
possessed marks applied during event 1 as seen 
during event 2.  The general assumptions that 
must hold for iN̂  to be a suitable estimate of 
abundance are in Seber (1982) and may be cast 
as follows: 

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

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

(c)  marking does not affect the catchability 
of an animal; 

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

(e)  all marks are reported on recovery in 
event 2; and 

(f)  double sampling does not occur. 

To provide evidence that assumption a was met, 
two chi-square tests were performed: (1) for 
equal proportions of marks by recapture in event 
2; and (2) equal probabilities of recapture in 
event 2 independent of the stratum of origin.  If 
the null hypothesis of either test is accepted, the 
pooled Petersen estimator (equation 1) is used to 
model the mark-recapture data; else a temporally 
or spatially stratified estimator is employed 
(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 using two 
Kolmogorov-Smirnov (K-S) 2-sample tests (��= 
0.05).  These hypotheses tests are shown in 
Appendix A.4.   

Size and sex selection was tested using chi-
square tests comparing fish (by size, sex) 
marked in the lower river with fish recaptured 
and also inspected on the spawning grounds. 
Because sampling in the lower river spanned the 
entire known immigration of fish into the Unuk 
River and continued without interruption, the 
experiment is, due to the life history of the fish, 
closed to recruitment (assumption b).   

Regarding assumption c, we were not able to test 
this assumption but we were careful to not harm 
or stress fish and we did not mark injured fish. 

The effect of tag loss (assumption d) is virtually 
eliminated by using the two secondary marks, 
and all fish captured during event 2 were 
inspected for marks (assumption e).  

Double sampling (assumption f) of fish was 
avoided by marking all sampled fish during 
event 2 with a LLOP. 

Variance, bias, and confidence intervals for iN̂  
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 *ˆ

iN  from the 
empirical distribution defined by the capture 
histories.  A new set of statistics from each boot-
strap sample � �*** ˆ,ˆ,ˆ

iii RCM  was generated, along 
with a new estimate for abundance *ˆ

iN , and 
1,000 such bootstrap samples were drawn 
creating the empirical distribution � ( � )F Ni

� , which 
is an estimate of F( �Ni ).  The difference between 
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the average *ˆ
iN  of bootstrap estimates and �Ni  is 

an estimate of statistical bias in the latter 
statistic (Efron and Tibshirani 1993, Section 
10.2).  Con-fidence intervals were estimated 
from � ( � )F Ni

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

Variance was estimated as 

 �
�

�

���

B

b
ibii NNBN

1

2
*

*
)(

1* )ˆˆ()1()ˆvar(  (2)

where B is the number of bootstrap samples.  

AGE AND SEX COMPOSITION 

All fish were sampled for scales and proportions 
by age and sex were estimated as binomial 
variables described by 

i

ij
ij n

n
p �ˆ  (3)

and sample variance was calculated by 

1
)ˆ1(ˆ

)ˆvar(
�

�

�

i

ijij
ij n

pp
p  (4)

where ijp̂  is the estimated proportion of the 

population of age j of size group i, ijn  is the 

number of fish of age j of size group i, and in  is 
the number of fish in the sample n of size group i 
taken on the spawning grounds (note: � �

j
jp 1ˆ ). 

Age and sex composition for the entire spawning 
population and its associated variances were also 
estimated, by first redefining the binomial 
variables in samples to produce estimated 
proportions by sex kp̂ , where k denotes gender 
(male or female), such that                    , and by  

age-sex jkp̂ , such that                   . 

Estimated sex composition for samples gathered 
on the spawning grounds were again pooled 
together, and estimates from the lower river were 
excluded because of the difficulty in accurately 
 

    Table 1.–Capture histories for medium and large 
chinook salmon in the population spawning in the 
Unuk River in 1997 (notation explained in text). 

  Capture history Medium Large 
 

Source of  
statistics 

  Marked and not    
   sampled in 
   tributaries 

59 229     ii RM �
ˆ  

  Marked and 
   recaptured in 
   tributaries 

16 78   Ri  

  Not marked, but 
   captured in 
   tributaries 

  140 683    C Ri i�  

  Not marked and 
   not sampled in 
   tributaries 

486 1,980   
� �N M C Ri i i i- - +

  Effective 
   population for 
   simulations 

701 2,970  �Ni
�  

 

 

sexing fish (many are ocean-bright and do not 
possess distinct secondary maturation character-
istics). Numbers of spawning fish by age were 
estimated as the summation of products of esti-
mated age composition and estimated abundance 
within a size category:  

 ��
i

iijj NpN )ˆˆ(ˆ  (5)

and a sample variance calculated according to 
the procedures in Goodman (1960): 

�
�

�

�

)var()var(
)var()var(

)var(
22

iij

ijiiij
j Np

pNNp
N  (6)

The proportion of the spawning population 
>400 mm MEF composed of a given age was esti-
mated as the summed totals across size categories: 

N
N

p j
j �  (7)

and a variance approximated according to the 
procedures in Seber (1982, p. 8-9): 

2

22 ))(var()var(
)var(

N

ppNNp
p jijiiij

j

��

� (8)
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RESULTS
TAGGING, RECOVERY AND 
ABUNDANCE 

Of 404 chinook salmon sampled in the lower 
river, 383 were tagged and released (Appendix 
A1; Table 2).  Ninety-five percent of the catches 
occurred between 23 June and 22 July.  Five fish 
were considered unhealthy upon capture and 
were not tagged (Appendix A1).  Of the fish 
tagged, none were small, 76 were medium, and 
307 were large.  Sixteen fish sampled in the gill-
nets were missing adipose fins and were 
sacrificed.  In general, the numbers of recaptures 
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 distribu-
tions for fish recaptured on the spawning grounds 
(P = 0.24, P = 0.22, and P = 0.17; Figure 6). 
Thus, the mark-recapture data does not need 
length stratification.  Similarly, length distribu-
tions of marked chinook salmon were comparable 
to those fish inspected on the spawning grounds 
for large fish (P = 0.29) and medium and large 
fish (P = 0.10), but not for medium fish (P<0.001; 
Figure 7).  Thus, only ages from event 2 were 
used to calculate age and length compositions.   

A data matrix was created using the mark-
recapture data in order to perform the chi-square 
tests suggested by Arnason et al. (1996): 

Medium chinook salmon 

Time Marks 
Cripple 
Creek 

Gene’s Lake 
Creek 

All 
others

Stratum 1 22 3 1 0
Stratum 2 20 2 1 0
Stratum 3 33 3 4 2

 Ui. 60 68 28
Large chinook salmon 

Time Marks 
Cripple 
Creek 

Gene’s Lake 
Creek 

All 
others

Stratum 1 100 4 6 10
Stratum 2 105 11 4 12
Stratum 3 102 17 3 11

 Ui. 305 230 226
where Ui. is the number not marked.   

Test 1 for equal proportions of marks in event 2 
suggests similarities exist in the fraction marked 
among medium fish inspected in the various 
tributaries (Cripple Creek: 0.133; Gene’s Lake 
Creek: 0.088; Clear/Kerr/Boundary/Dog Salmon/ 
Lake creeks and Eulachon River pooled: 0.071). 
These results ( 2

� = 1.06, df = 2, P = 0.59), 
coupled with results of test 2 for complete mixing 
of fish between event 1 and event 2 ( 2

� = 1.30, 
df = 2, P = 0.52), suggest the use of the pooled 
Petersen estimate for medium fish.  For large fish, 
test 1 indicated the fraction marked in the various 
tributaries (Cripple Creek: 0.105; Gene’s Lake 
Creek: 0.057; Clear/Kerr/Boundary/Dog Salmon/ 
Lake creeks and Eulachon River pooled: 0.146) 
was not similar ( 2

� = 9.96, df = 2, P = 0.007).  
The result of test 2, however, was not significant 
( 2
� = 2.89, df = 2, P = 0.24) and, according to 

Arnason et al. (1996), passing either of these 
tests (i.e., p >0.05) is sufficient evidence for the 
use of the pooled Petersen estimate. 

Because observer survey counts of escapement 
are of large chinook salmon, estimates of 
abundance were stratified into medium and large 
fish for comparison purposes.  Estimated abun-
dance of medium fish medN̂  on the spawning 
grounds in 1997 was 701 (SE = 158), based on 75 
fish marked in the lower river ( medM̂ ) and 156 
fish inspected for marks ( medĈ ) on the spawning 
grounds, 16 of which were recaptured fish ( medR̂ ) 
(Table 2).  With a bias of 2.26%, the 95% confi-
dence interval for the estimated abundance of 
medium fish is 489 to 1,109. 

Estimated abundance of large fish lgN̂  on the 
spawning grounds in 1997 was 2,970 (SE = 277) 
based on 307 fish being marked in the lower river 
( lgM̂ ) and 761 fish being inspected for marks 
( lgĈ ) on the spawning grounds, 78 of which were 
recaptured fish ( lgR̂ ) (Table 2).  With a bias of 
0.09%, the 95% confidence interval for the 
estimated abundance of large fish is 2,499 to 
3,636.  Only three (3%) of the 94 recovered 









medium and large fish had lost the primary tag, DISCUSSION 
and these were detected as marked fish from the 
Presence of the left upper OPerculum Punch 
( L u o p )  and a missing left axillarY appendage 
(LAA). 

Initially, a concern existed that the fish bound 
for the various spawning tributaries might be 
unevenly distributed across the lower river entry 

With a bias of 0.51%, the estimated abundance 
of all fish >400 mm MEF ( fi = fi,,,ed + f i , g  ) for 
1997 was 3,671 (SE = 320), with a 95% 
confidence interval is 3,167 to 4,422. 

ESTIMATES OF AGE AND S E X  COMPOSITION 

Age- 1.3 and age- 1.4 chinook salmon dominated 
the age and sex compositions of fish >400 mm 
MEF (Appendix A2). Age-1.2 fish were 25% 
(SE = 3.2%), age-1.3 fish 34% (SE = 2.2%), 
and age-1.4 fish 38% (SE= 2.4%) of the 
escapement of medium and large fish; 55% 
(SE =2.6%) of these were males (Table 3). 
Age-1.2 fish constituted 91% (SE = 2.4%) of 
the medium fish, which were 100% males 
(Figure 8). Age-1.3 fish accounted for 41% 
(SE = 1.9%) and age-1.4 fish accounted for 
47% (SE=2.0%) of all large fish in the 
escapement; males composed 44% (SE = 1.9%) 
of these fish. 

In the gillnet sampling, mostly large fish were 
captured consisting of 10% age- 1.2 fish, 48% 
age-1.3 fish, and 40% age-1.4 fish (Appendix 
A2). Among the medium fish sampled, 91% 
were age- 1.2 and the remaining 9% were age- 1.3 
fish. In general, sex compositions of large fish 
sampled in the lower river were the same as 
those from the combined spawning grounds 
samples (males 46%). Table 4 lists average 
lengths by age of all fish sampled for length and 
successfully aged on the spawning grounds. For 
the most part, length compositions between 
samples gathered in the lower river and on the 
spawning grounds were very similar-one 
exception being in the age- 1.4 male component, 
where larger fish were sampled in the lower 
river (avg. length= 926 mm MEF; n =  28), 
compared to those sampled on the spawning 
grounds (avg. length = 887 mm MEF; n = 70). 

channels and that fish bound for some areas (Le., 
Eulachon River) may be disproportionately 
sampled. In the 1994 study, two set gillnet 
sampling sites were used to capture and mark 
fish. It was evident from that study, from both 
radio telemetry and spaghetti tag recoveries, that 
fish bound for the various spawning tributaries 
were tagged in nearly equal proportions at both 
set gillnet sites (Pahlke et al. 1996). 

This year we used only one sampling site, which 
was located on the mainstem of the lower Unuk 
River. As was the case in the 1994 study, fish 
bound for the Eulachon River migrated into and 
matured in the Unuk mainstem and thus were 
susceptible to capture. In fact, the marked frac- 
tion of fish sampled from the Eulachon River 
(1 2.8%) was higher than the average marked 
fraction observed in all of the other sampling 
sites (9.6%), although these values are not sig- 
nificantly different ( x 2  = 0.44, df = 1, P = 0.51). 

In a related observation, predators such as bald 
eagles Haliaeetus leucocephalus, harbor seals 
Phoca vitulina, brown bears Ursus arctos, black 
bears U. americana, and river otters Lutra 
canadensis were commonly seen in the study 
area. In response to the presence of these 
predators, Eulachon River fish, as well as fish 
from other sampling sites, may have developed 
the behavior of 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, in order to minimize contact with 
predators. This would provide one explanation 
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 in 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 
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Figure &-Numbers of chinook salmon sampled by length and ocean-age at all 
eight tributary spawning sites on the Unuk River in 1997. 

other studies (Milligan et al. 1984; Johnson et al. 
1992, 1 993; Bendock and Alexandersdottir 1993; 
Eiler et al. In prep). 

Pahlke et al. (1996) showed that 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. Such behavior may have 
been present in this year’s study; however, we 
feel confident over the long term that marked 
and unmarked fish died at the same rate, and that 
the estimated abundance is therefore unbiased 
(Seber 1982, p. 71). Loss of primary tags was 
not a problem in this study, as only two large 
and one medium fish (all males), were captured 
missing a primary tag. In all cases, secondary 
tags were clearly visible on recaptured fish. 

The success of this mark-recapture experiment 
depended heavily on marking adequate numbers 
of fish and on doing so in proportion to their 
passing abundance. For our estimates of abun- 
dance to be unbiased and consistent, every fish 
must have had an equal chance of being marked 
in the lower Unuk River, or every fish on the 
spawning grounds must have had an equal 
chance of being inspected, or marked and 
unmarked fish must have mixed completely 
between the lower Unuk River and the tributaries 
(Seber 1982, pp. 437-9). The statistical tests 
performed and the output from SPAS (Arnason 
et al. 1996) suggest that fish were marked in 
proportion to their abundance and that complete 
mixing of these fish occurred before they had a 
chance of being recaptured upriver. Further- 
more, because our sampling spanned most or all 

15 



Table 4.-Estimated average length (MEF in mm) by age and sex of chinook salmon sampled on 
the Unuk River in 1997. 

Brood year and age class - 

1994 1993 1992 1990 
1.1 1.2 2.2 1.3 1.4 2.4 1.5 Total 

PANEL A: LENGTH COMPOSITION OF MEDIUM AND LARGE CHINOOK SALMON 
SAMPLED BY GILLNET ON THE LOWER UNUK RIVER 

com bined Avg. length 
SD 
SE 

637 
46 

5 

788 898 815 908 
65 44 0 29 

6 4 0 12 

PANEL B: LENGTH COMPOSITION OF MEDIUM AND LARGE CHINOOK SALMON 
SAMPLED ON THE UNUK RIVER SPAWNING GROUNDS 

Males n 51 193 1 157 70 
Avg. length 363 622 700 777 887 

SD 39 60 0 58 79 
SE 5 4 0 5 9 

3 475 
962 

71 
41 

Females n 
Avg. length 

SD 

1 
665 

0 

1 I4 239 
81 I 890 
42 46 

10 364 
944 

33 

combined Avg. length 363 622 700 79 I 889 
SD 39 60 0 55 55 
SE 5 4 0 3 3 

948 
41 
11  

of the known immigration of fish into the Unuk 
River (Keith Pahlke, Alaska Department of Fish 
and Game, Douglas, personal communication), 
nearby proportional tagging of all stocks likely 
occurred; thus, our estimates of abundance 
pertain to all chinook salmon spawning in the 
Unuk River. 

It was apparent from length and sex composition 
data that some size-selective sampling occurred, 
both in the gillnet sampling and in the spawning 
grounds sampling. Gillnets are typically size 
selective and in our study the gillnets appeared 
to be selective toward the bigger medium fish, 

but caught almost all sizes of large fish. Not a 
single age-1.1 fish, and only those larger than 
average age-1.2, were captured in the gillnet 
sampling. In addition, the gillnets appear to be 
biased against sampling the extremely large fish. 
Out of 404 fish captured in gillnets, only one 
exceeded 1,000 mm MEF (0.25%); conversely, 
965 fish were captured on the spawning grounds 
and 7 of those exceeded 1,000 mm MEF 

For the fish of interest in this experiment (2660 
mm MEF), however, very little difference in age 
and sex composition occurred between gillnet and 

(0.73 %). 
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spawning ground samples (Appendix A2, panels 
C and D), and there was no significant difference 
between length distributions of large fish tagged 
vs. those fish recaptured or inspected (Figures 6 
and 7). 

Because male chinook salmon tend to drift 
downstream in a moribund state after spawning, 
whereas females tend to die near their redds 
(Kissner and Hubartt 1986), estimates of age, 
sex, and size composition for fish sampled in 
carcass-only surveys tend to be biased towards 
females, which are larger fish on average. 
During this study, however, various sampling 
techniques were used on the spawning grounds, 
such as rod and reel snagging and lure fishing, 
spear, gillnet, dipnet, and carcass-only surveys 
were used because McPherson et al. (1997) 
found that using a variety of gear types will 
reduce bias in age, sex, and length composition 
estimates. Foot surveys of abundance were used 
to estimate the amount of effort needed to 
approximately sample the various spawning sites 
in proportion to abundance as a whole. There- 
fore, in estimating abundance and age and sex 
composition for the watershed, we presumed that 
the combined samples from the various spawn- 
ing tributaries for medium and large fish were 
representative of the total population. 

During the 1994 study, the mark-recapture esti- 
mate of abundance for medium and large fish 
resulted in a 95% relative precision (RP) of *54%. 
One of our research objectives this year was to 
attain an RP of at least *33% (Table 5) .  In reality, 

we did far better than this in achieving an RP of 
-+17%, a vast improvement over the 1994 results. 
A similar improvement in RP occurred over con- 
secutive years of study (1995 and 1996) on the 
Chickamin River (Pahlke 1996, 1997b). In the 
1995 study, an RP of *61% occurred, and in the 
following year the RP improved to *25% (Table 
5) .  These results suggest that the knowledge 
gained from previous mark-recapture studies is 
beneficial and positively influences the success 
of future studies. 

Estimated abundance of large fish was consid- 
erably greater than corresponding estimates from 
the peak survey counts. Observer bias resulting 
in underestimation of the actual abundance is a 
common pattern seen in other studies of chinook 
salmon in Southeast Alaska and in northern 
British Columbia (Johnson et al. 1992; Pahlke et 
al. 1996; McPherson et al. 1997) and of salmon 
in general (Jones 1995). This year, about 21% 
(636) of the estimated 2,970 large fish immi- 
grating to the Unuk River in 1997 were counted 
in the peak survey count. This percentage 
compares favorably with the results seen in the 
1994 study and the 1995 and 1996 Chickamin 
River studies (Table 5 )  (Pahlke 1996, 1997b, 
Pahlke et al. 1996). 

This ongoing study is designed to estimate the 
escapement of chinook salmon in the Unuk 
River and is an integral part of a larger full stock 
assessment program which estimates the total 
run size, harvest rates, and harvest distribution 
for these fish. In a separate study in the Unuk 

Table 5.-Peak survey counts compared to mark-recapture estimates of abundance and other statistics 
for large chinook salmon ( 2660 mm MEF) in the Unuk River (1994 and 1997) and the Chickamin River 
(1995 and 1996). 

1994 1995 1996 1997 
Unuk River Chickamin River Chickamin River Unuk River Average 

Survey count 71 1 356 422 636 53 1 
Mark-recapture estimate (M-R) 4,623 2,309 1,587 2,970 2,872 

Survey count/(M-R) (YO) IS IS 27 21 20 
M-R SE 1,26 723 199 27 1 615 
95% RP 54 61 25 18 39 

M-R lower 95% CI 2,992 1,388 1,279 2,499 2,040 
M-R upper 95% CI 9,425 4,650 2,089 3,636 4,950 
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River, fall juvenile and spring chinook salmon 
smolt have been tagged with CWTs since the fall 
of 1993 (1992 brood year). Significant returns 
of these fish occurred in 1997 as evidenced by 
the 50 CWTs recovered during this study 
(Appendix A l ,  A3). Since juvenile and smolt 
tagging was initiated, greater numbers of fish 
have been tagged with CWTs in each subsequent 
brood year (Appendix A3). 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 2.8% vs. 
1 1.5% for the 1993 brood year (Appendix A3). 

In recent years, peak survey counts of 
escapement have been at or below the 20-year 
average of 1,120 large fish: 71 1 in 1994, 772 in 
1995, 1,167 in 1996, and 636 in 1997. An 
estimated 9 15 (SE = 150) age- 1.2 (1 993 brood 
year) fish returned to the Unuk River in 1997 
(Table 3). This is an unusually high percentage 
(25%) of the overall escapement and nearly 
doubles the percentage (13%) seen in the 
previous work performed in 1994 (Pahlke et al. 
1996). In 1998, age-1.3 fish will be returning 
from the 1993 brood year, and if this brood year 
continues to make a strong showing, then we 
should expect to see slightly higher numbers of 
chinook salmon in 1998 when compared to those 
seen in 1997. 

CONCLUSIONS AND 
RECOMMENDATIONS 

Because this project will be performed again in 
1998, we recommend some strategies for 
continued success. As in 1997, at least the same 
number of medium and large fish should be 
tagged in both the marking and recapturing 
events. In 1998, the same routine as the one 
used in 1997 will be used while fishing the set 
gillnets. The set gillnets will be fished twice 
daily using two-person crews, one crew in the 
morning and a separate crew in afternoon/ 
evening. Knowledge of run-timing gathered in 
1994 and 1997 should be used as an indicator of 
peak spawning abundance and optimum samp- 
ling periods, while sampling is being conducted 
at the various spawning sites. In 1997, very few 

fish lost their primary tags, and we feel that this 
is primarily due to the use of the stronger, more 
durable 80-lb test monofilament in spaghetti tags 
and to increased efficiency in their application. 
Thus, we will use the same primary tag and the 
same secondary marks in 1998, inasmuch as the 
combination of these three proved failsafe in 
detecting marked fish. We recommend that 
survey counts continue in similar fashion as 
those made in the past and that observers attempt 
to maintain consistency in counting efficiency 
from year to year. Finally, we recommend the 
continued use of multiple capture gear at the 
various spawning tributaries, which has likely 
contributed most to unbiased results in age, sex, 
and length composition estimates. 
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