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ABSTRACT 

 Chinook salmon (Oncorhynchus tshawytscha) escapements were estimated to three clear 
rivers in Northern British Columbia.  Run size indices from visual peak count surveys were 
calibrated against abundance estimates provided from mark re-sight techniques applied in the 
Kwinamass and Kateen Rivers and against a fence count in the Kitwanga River.  The expansion 
factors for the visual survey indices were found to be 1.88 in the Kateen River, 3.02 in the 
Kwinamass River and 1.03 in the Kitwanga River. 
 

LIST OF TABLES 

Table 1.  Kitwanga River weir counts of Chinook salmon 2006.................................................. 11 
Table 2. Chinook salmon counts during helicopter overflights of the Kitwanga River 2006. ..... 12 
Table 3.  Visual counts of spawning Chinook salmon in the Kwinamass and Kateen Rivers in 

2006....................................................................................................................................... 12 
Table 4. Mark re-sight data summaries and population estimates................................................ 12 
Table 5.  Comparisons of visual indices of Chinook salmon escapement with mark re-sight 

estimates and fence counts.................................................................................................... 12 
 

LIST OF FIGURES 

Figure 1.  Location of Kwinamass River, Kateen River and Kitwanga River in northern British 
Columbia............................................................................................................................... 13 

Figure 2.  The joint hypergeometric maximum likelihood profile for the estimate of large 
Chinook salmon spawning in the Kwinamass River. ........................................................... 14 

Figure 3.  The joint hypergeometric maximum likelihood profile for the estimate of large 
Chinook salmon spawning in the Kateen River.................................................................... 14 

 

LIST OF APPENDICES 

Appendix 1.  Chinook salmon escapements to Kwinamass, Khutzeymateen and Kitwanga Rivers 
from Fishery Officer records. ....................................................................................................... 15 

Appendix 2.  Details of mark-resight experiments conducted on the Kwinamass River from 2002 
to 2004. ......................................................................................................................................... 16 



 

Chinook Escapement Calibration 2006  NF-2006-I-32 

5

INTRODUCTION 

 Funding for this project was provided by the Northern Boundary and Transboundary 
Rivers Restoration and Enhancement Fund for the calibration of visual indices of Chinook 
salmon (Oncorhynchus tshawytscha) abundance.  The relationships between visual indices and 
estimates of total spawners were examined and expansion factors were developed.   
 The primary objective of this study was to generate expansion factors for visual 
escapement indices at three sites, two coastal streams and a tributary of the Skeena River.  On 
the two coastal streams, the Kwinamass River and the Khutzeymateen River, mark-recapture 
programs were used to provide escapement estimates with a reasonable level of accuracy to 
allow for the development of expansion factors for existing visual indices of escapement. The 
Skeena River tributary selected for the program was the Kitwanga River.  At this site the project 
was the inverse; we generated visual indices of Chinook salmon escapement for a system where 
a true estimate of escapement was derived from a counting fence. 
 The Gitanyow Fisheries Authority has successfully operated a temporary fish counting 
weir on the Kitwanga River since 2000.  Recent escapements of Chinook salmon to the 
Kitwanga River ranged from 1500 to 3000.  Historic estimates of Chinook salmon escapements 
are available but the series of stream inspection logs is not complete.  However, replicating the 
procedures and collecting additional visual survey data applicable to other visual indices was 
possible for comparison to the true estimate.  In this system an individual engaged in generating 
many of the Fishery Officer estimates over the past two decades was available to assist in the 
flight data collections. 
 Interest in validating Chinook salmon escapement estimates in the Kwinamass and 
Khutzeymateen Rivers extends beyond the development of expansion factors for visual methods.  
These systems didn’t respond to Pacific Salmon Treaty initiatives in 1985 as observed in many 
other systems in the North Coast of British Columbia. Visual escapement estimates in the 1960’s 
and early 1970’s varied between 750 and 5000 Chinook salmon in each river. These systems 
appear to epitomize the mixed stock problem as two small and apparently weak Chinook salmon 
populations located between the two large and relatively healthy populations of the Nass and 
Skeena Rivers. 
 A significant time series of visual escapement indices exist for Chinook salmon stocks 
the Kwinamass and Khutzeymateen watersheds (Appendix 1). Estimates of Chinook salmon in 
the Khutzeymateen apply primarily to the Kateen River tributary and the area downstream of the 
Khutzeymateen – Kateen confluence.  The estimates are extrapolations and essentially the same 
methods have been used for 20 years.  They are similar to peak count extrapolations. These 
systems also present a fortunate scenario where the personnel conducting stream inspections 
have remained static over the past decade and the primary individual engaged in estimation of 
Chinook salmon in these systems has been involved since 1985. 
 Stream inspection logs for the Kwinamass and Khutzeymateen River systems have been 
prepared since 1985.  The logs provide information on live and dead Chinook salmon observed 
and stream conditions during each inspection. These raw data allow for comparison of the 
existing indices (commonly referred to as Fishery Officer estimates) to other methods of 
generating escapement estimates using the same data (e.g. area under the curve or peak count 
estimates).   
 Mark-recapture experiments have been conducted on the Kwinamass River for 5 years, 
2002 to 2006 inclusive.  Fishery Officer estimates have been continued over this time 
independent of the mark-recapture estimates.  Recoveries of Chinook salmon carcasses from the 
Kwinamass and Khutzeymateen Rivers are limited due to the predators that inhabit the area 
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(bears and wolves).  To make up for the inability to sample a representative portion of the 
carcasses the recapture portion of the study also consists of observations of marked and 
unmarked live Chinook salmon during swim and boat surveys. Swim surveys encounter most 
Chinook salmon if they are timed just before spawning when the fish are holding in pools.  The 
boat observations encounter most Chinook salmon as they are spawning. 

METHODS 

Kitwanga River 
 The Gitanyow Fisheries Authority operated a temporary fish counting weir on the 
Kitwanga River in 2006.  Chinook salmon were counted through the weir daily.  These counts 
were compared with the index developed from visual counts of Chinook salmon during three 
helicopter flights of the Kitwanga River.   
 
Kwinamass and Kateen Rivers 
 Total numbers of large Chinook salmon spawning in the Kwinamass and Kateen Rivers 
were estimated using a mark re-sight procedure.  These estimates were compared with the 
abundance indices developed from visual counts of spawning Chinook salmon made while 
floating and walking the rivers.   
 The mark re-sight estimates of large Chinook salmon populations were generated using 
Schnabel’s method for multiple censuses: 
  N =  Σ (CtMt) 
     (R+1) 
where N was the estimate of large Chinook salmon, M was the number of large Chinook salmon 
marked at time t, C was the total number of large Chinook salmon observed in the snorkel 
surveys at time t and R was the number of marked large Chinook salmon observed in the snorkel 
surveys (Ricker, 1975).  Approximate limits of confidence were obtained by considering R as a 
Poisson variable.  Mark re-sight estimates of population size and confidence limits were also 
developed using the joint hypergeometric maximum-likelihood estimator described by White 
(1996). 

The process of marking Chinook salmon occurred in the lower portions of the rivers.  
Chinook salmon were caught by angling to minimize capture related mortalities (angling 
mortality was less than 5%).  The primary mark consisted of uniquely numbered, vinyl, Petersen 
discs applied 2 cm below the dorsal fin.  The discs were attached with a 7 cm stainless steel pins 
that were passed through a disc, through the skin, between the dorsal rays, through the skin on 
the far side of the fish and through a second disc.  A loop was twisted into the end of the pin to 
secure the disc in place.  The discs were brightly colored and 26 or 32 mm in diameter to provide 
a visible mark to the snorkel or float crews.  Males less than 65 cm fork length were marked with 
different color tags than larger males.  Females were marked with a different color.  A secondary 
mark was applied by punching a hole through the left operculum with a 6 mm paper punch.  Fish 
judged to be unhealthy after capture were sampled for biological attributes and released without 
marks. 
 Chinook salmon caught in the mark application procedures were sampled for fork length, 
sex, and scales.  Sex was determined from external appearance.  Scale samples were collected on 
to scale books as described by MacLellan (1999).  Scales were forwarded to the Fisheries & 
Oceans Canada, Fish Ageing Laboratory at the Pacific Biological Station for ageing.     

The re-sight procedure was to swim the river with snorkel gear and count the number of 
marked and unmarked Chinook salmon.  When schools of fish were encountered it was often 
necessary to swim over the school several times in order to break it up such that individual fish 
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could be counted.  In these cases the “best pass” consisting of the largest number of marked and 
unmarked Chinook salmon counted was used for the final estimate.  
 

RESULTS 

Kitwanga River 
 A total of 3014 Chinook salmon were counted through the Kitwanga River weir between 
July 10 and October 25, 2006 (Kingston, 2006).  The first Chinook salmon was counted through 
the weir on July 11 and the last was on September 19.  Daily counts are presented in Table 1. 
 Helicopter flights of the Kitwanga River were made on August 21, August 26 and 
September 11, 2006.  Counts of Chinook salmon from each flight appear in Table 2.  The peak 
count was 3000 and the index for the system was 3300 Chinook salmon.  The portion of the 
index observed below the counting fence was estimated at 385 Chinook salmon.   
 The expansion factor for the visual index to the weir count of large Chinook salmon 
spawning in the Kitwanga River in 2006 was 1.03 (Table 4). 
 
Kwinamass River 
 The visual index for the Kwinamass River was based on a single count made on 18 
August 2006 (Table 3).  The index for 2006 was 500 large Chinook salmon in the Kwinamass 
River. 
 Chinook salmon were marked in the Kwinamass River over 5 days from 17 July to 4 
August. A total of 176 Chinook salmon were caught and 143 large fish were tagged.  Tags were 
also applied to 14 jacks. 

Swims of the river occurred on 7 and 11 August 2006.  Total large Chinook salmon 
observed (Ct) and numbers of marked fish observed (Mt) in the re-sight surveys are presented by 
diver in Table 4.  In addition, a total of 7 marked and 29 unmarked jacks were observed on 7 
August and 5 marked and 29 unmarked jacks were observed on 11 August. 
 Each diver observed 3 fish on the 11 August swim with tag scars as evidence of shed 
tags.  The divers felt that they would have been able to identify lost tags from approximately half 
of the total number of fish observed.  The correction for tag loss was the equivalent proportion of 
missing tags (~12%) observed during the 11 August re-sight swims.  The Schnabel estimate of 
large Chinook salmon spawning in the Kwinamass River was 1512 with 95% confidence limits 
of 1242 and 1840 (Table 4).  The point estimate from the joint hypergeometric maximum-
likelihood estimator was essentially the same, 1510, with broader confidence limits (Table 4).  
The likelihood profile is presented in Figure 2. 
 The expansion factor for the visual index to the mark re-sight estimate of large Chinook 
salmon spawning in the Kwinamass River in 2006 was 3.02 (Table 5). 
 
Kateen River 
 The visual index for the Kateen River was based on counts made on 24 August and 3 
September 2006.  Counts appear in Table 3.  The index for 2006 was 450 large Chinook salmon 
in the Kateen River. 
 Marking of Kateen River Chinook salmon occurred over 4 days from 21 July to 2 August 
2006.  A total of 152 Chinook were caught and 134 large Chinook salmon were tagged and 
released.  Tags were also applied to 5 jacks. 

Swims of the Kateen River occurred on 9 and 12 August 2006.  The majority of the 
spawning area was covered each day.   Conditions were very poor on 9 August and the snorkel 
team only observed 12 unmarked and 2 marked large Chinook salmon.  The visibility was less 
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than 2 m and the fish that were observed were traveling in the shallows.  Data from 9 August are 
not used in the mark re-sight population estimates.  On 12 August conditions were good and each 
member of the snorkel team observed over 300 large Chinook salmon (Table 4). 

A single fish was observed with evidence of a shed tag (a tag scar) by one of the divers 
swimming the Kateen River on 12 August.  Divers felt they would have been able to see tag 
scars, if present, on approximately half of the fish observed.  No other fish were observed to have 
lost tags so the fish bearing the tag scar was included in the marked proportion and no correction 
was applied for tag loss.  The Schnabel estimate of large Chinook salmon spawning in the 
Kateen River was 847 with 95% confidence limits of 697 and 1027 (Table 4).  The point 
estimate from the joint hypergeometric maximum-likelihood estimator was 880, similar to the 
Schnabel estimate but with broader confidence limits (Table 4).  The likelihood profile is 
presented in Figure 3. 

 The expansion factor for the visual index to the mark re-sight estimate of large Chinook 
salmon spawning in the Kateen River in 2006 was 1.88 (Table 5). 
 

DISCUSSION 

 Water levels, turbidity, light, wind and other conditions greatly affect visibility while 
attempting to enumerate spawning salmon.  Conditions experienced in 2006 were often 
exceptional due to low water conditions.  For example, the visual count of Chinook salmon 
above the fence in the Kitwanga River was 2650 on 21 August at a time when 2739 had been 
counted through the fence.  (The enumerator remarked on the exceptional visibility.)  It appears 
that visual counts under these conditions can be very accurate.  However, the variations in water 
conditions that affect the accuracy of counts ultimately affect the visual indices produced from 
those counts.   

The mark re-sight procedures only estimated the return for the portion of the Chinook 
salmon over 65 cm long.  Although jack Chinook (age 32) were available to the capture and mark 
application processes they could not be distinguished from pink salmon during the swim or boat 
surveys.  Marked jack Chinook salmon were often observed within schools of pinks but 
unmarked jacks could not be readily distinguished from pink salmon.  The estimates of large 
chinook are consistent with the visual indices which also only measure large chinook. 

The Kwinamass River has a significant population of pink salmon with visual 
escapement indices up to 200,000.  (Acoustic estimates on the Kwinamass suggest that the visual 
index of pink salmon may underestimate actual pink returns by a factor of 6.)  The 
Khutzeymateen River also produces a large pink salmon population with visual escapement 
indices up to 230,000.  These rivers have not exhibited large variations between odd and even 
year pink returns.  Pink salmon returns to the Kwinamass and Khutzeymateen Rivers were 
modest in 2006 with visual indices of 60,000 and 40,000 respectively 
   The Kwinamass and Khutzeymateen Chinook populations are similar in magnitude with 
visual indices between 100 and 750 Chinook since 1985.  Data from previous studies of 
Kwinamass Chinook salmon suggested that the visual indices were approximately half of the 
escapement indicated by mark-recapture experiments from 2002 to 2005.  At 3.0, the expansion 
factor for the 2006 visual index was significantly higher than previously measured. This could 
have resulted from several factors.  The visual estimate of the Kwinamass River was based on a 
single float survey conducted 18 August on the portion of the river below the mid river log jam.  
The upper river was only surveyed by helicopter but, as usual, was difficult to view because of 
overhanging vegetation.  A difference in distribution of fish between the lower and upper rivers 
could account for the difference in the 2006 expansion factor.   
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 Three Chinook salmon from the Kwinamass River were observed to have lost their 
Peterson disc tags.  This was evident to the divers by the circular scar left by the tag.  All of the 
fish with shed tags were observed on 11 August and were observed by both divers.  The 3 tags 
represented ~12% of the tagged Chinook salmon observed by the divers.  Members of the 
snorkel crew felt that they could see ~50% of the fish well enough to determine if they had tag 
scars. Large Chinook salmon with tag scars were considered to be marked for the purpose of 
estimating escapement.  An equivalent number of lost tags may have been missed by the divers.  
The number of marked releases was adjusted from 143 to 126 (12%) to account for tag loss in 
the final Schnabel and joint hypergeometric maximum likelihood estimates.   
 One Chinook salmon from the Kateen River was observed by a single diver to have lost a 
Petersen disc tag.  No correction was made to account for tag loss on the Kateen River.  

Although estimates were derived for the 2002 and 2003 Kwinamass Chinook populations 
within 25% and 33% of the true value respectively, problems encountered in 2004 (140%) make 
it evident that these levels of accuracy cannot always be obtained during adverse environmental 
conditions.  The Schnabel estimate of the 2006 spawning population of large Chinook in the 
Kwinamass River was estimated to be within 22% of the true value 19 times out of 20.  Previous 
mark-recapture projects conducted from 2002 to 2005 were able to mark between 5.4 and 12% of 
the large Chinook returning to the Kwinamass River.  Approximately 9% of the large Chinook 
return to the Kwinamass River was marked in 2006.   

The mark rate for large Chinook salmon in the Kateen River was 15% in 2006, compared 
with 22% in 2005.  The Schnabel estimate of the 2006 spawning population of large Chinook in 
the Kateen River was estimated to be within 21% of the true value 19 times out of 20.  The mark 
re-sight project conducted in 2005 was able to mark 22% of the large Chinook salmon spawning 
in the Kateen River and the population estimate was within 27% of the true value 19 times out of 
20. 

The Pacific Salmon Treaty outlines tasks for the Chinook Technical Committee (CTC), 
which include establishing MSY or other biologically-based escapement goals.  Chinook 
escapement goals are used in the management Chinook salmon fisheries.  Typically MSY 
escapement goals are calculated from stock-recruitment analyses of several years of spawner 
escapements and subsequent production.  The approach can take 15-20 years to acquire sufficient 
data and often requires considerable resources.  For these and other reasons, many stocks do not 
have sufficient spawner and production data to estimate optimal spawning escapements.  
Consequently, habitat-based methods have been developed as low-cost, quick alternatives.  

A habitat-based approach was developed to estimate optimal spawning escapements for 
Chinook salmon based on the size of the watershed used by the stock (Parken et. al. 2006).  The 
model was developed from stock-recruitment estimates of optimal spawning escapements for 
stocks ranging from coastal Oregon to the Yukon drainage in Alaska.  The model has been 
verified with independent estimates of optimal spawner escapements and was used to establish 
escapement goals for data limited stocks in Alaska.   

The habitat model predicts the spawners required for maximum sustainable yield and 
replacement, but most data limited stocks only have indices of abundance and additional 
information is required to convert the indices to total numbers of spawning fish.  This involves 
estimating total escapement by mark-recapture or direct count methods while performing the 
index methods, which are typically peak counts from visual surveys. 
 The CTC has considered data standards for factors used to expand escapement indices.  
The draft recommendations include that expansion factors be based on a minimum of 3 years 
data and that the coefficient of variation (CV) for the point estimates should not exceed 20% on 
average across years.  Additional years of data are required to generate expansion factors for the 
Kateen and Kitwanga Rivers.  Prior to 2006 the average expansion factor for estimating 
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Kwinamass River Chinook salmon from visual indices was within the draft data standards set by 
the CTC (CV=13%).  The results from the 2006 experiment put the average expansion factor at 
23%, outside of the CTC guidelines.  Generating an expansion factor for the Kwinamass River 
that falls within the CTC guidelines will require additional work on the system. 
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TABLES 

Table 1.  Kitwanga River weir counts of Chinook salmon 2006. 

Courtesy Gitanyow Fisheries Authority (Kingston, 2006). 

Date Daily Count 
Cumulative 

Count 
Jul-10 0 0 
Jul-11 14 14 
Jul-12 0 14 
Jul-13 0 14 
Jul-14 1 15 
Jul-15 107 122 
Jul-16 48 170 
Jul-17 27 197 
Jul-18 276 473 
Jul-19 0 473 
Jul-20 2 475 
Jul-21 1 476 
Jul-22 32 508 
Jul-23 190 698 
Jul-24 22 720 
Jul-25 85 805 
Jul-26 3 808 
Jul-27 33 841 
Jul-28 74 915 
Jul-29 41 956 
Jul-30 9 965 
Jul-31 127 1092 
Aug-01 33 1125 
Aug-02 3 1128 
Aug-03 6 1134 
Aug-04 6 1140 
Aug-05 9 1149 
Aug-06 104 1253 
Aug-07 1 1254 
Aug-08 533 1787 
Aug-09 145 1932 
Aug-10 37 1969 
Aug-11 29 1998 
Aug-12 148 2146 
Aug-13 41 2187 
Aug-14 137 2324 
Aug-15 11 2335 
Aug-16 48 2383 
Aug-17 41 2424 
Aug-18 235 2659 
Aug-19 14 2673 
Aug-20 9 2682 
Aug-21 57 2739 
Aug-22 72 2811 
Aug-23 9 2820 

Aug-24 2 2822 
Aug-25 17 2839 
Aug-26 3 2842 
Aug-27 11 2853 
Aug-28 2 2855 
Aug-29 7 2862 
Aug-30 28 2890 
Aug-31 7 2897 
Sep-01 19 2916 
Sep-02 23 2939 
Sep-03 12 2951 
Sep-04 12 2963 
Sep-05 7 2970 
Sep-06 3 2973 
Sep-07 10 2983 
Sep-08 3 2986 
Sep-09 19 3005 
Sep-10 5 3010 
Sep-11 1 3011 
Sep-12 2 3013 
Sep-13 0 3013 
Sep-14 0 3013 
Sep-15 0 3013 
Sep-16 0 3013 
Sep-17 0 3013 
Sep-18 0 3013 
Sep-19 1 3014 

 
 
No Chinook salmon were counted between 
September 20 and October 25, 2006.
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Table 2. Chinook salmon counts during helicopter overflights of the Kitwanga River 2006. 

Date # Chinook Comment 
August 21 3000 Excellent conditions, very low & clear.  Count includes 

350 below the fence. 
August 26 2370 Water conditions very good.  Count includes 230 below 

the fence. 
September 11 930 Water conditions moderate.  Count includes 40 below 

the fence. 
 
 

Table 3.  Visual counts of spawning Chinook salmon in the Kwinamass and Kateen Rivers in 
2006. 

River Date Unmarked 
large Chinook 

Marked large 
Chinook 

Marked Jack 
Chinook 

Total large 
Chinook 

Kwinamass August 18 258 14 5 277 
Kateen August 24 233 19 3 255 
Kateen September 3 70 6 0 76 

 
 

 

Table 4. Mark re-sight data summaries and population estimates. 

 
Date Diver 1 

C 
Diver 1 

R 
Diver 2 

C 
Diver 2 

R
Schnabel 
estimate

lower 
CL

upper 
CL

JH 
estimate 

lower 
CL

upper 
CL

Kwinamass River 
M = 143 adjusted for 12% tag loss = 126  
7 Aug 291 21 333 27
11 Aug 298 24 254 25 1512 1242 1840 1510 ~950 ~2840
Kateen River  
M = 134  
12 Aug 304 46 334 54 847 697 1027 880 ~600 ~1560
JH = joint hypergeometric maximum-likelihood estimate 
 
 

Table 5.  Comparisons of visual indices of Chinook salmon escapement with mark re-sight 
estimates and fence counts. 

Year River System Visual Index MR or fence Estimate Factor 
2002 Kwinamass 600 1176 1.96 
2003 Kwinamass 450 771 1.71 
2004 Kwinamass 400 813 2.03 
2005 Kwinamass 400 957 2.39 
2006 Kwinamass 500 1512 3.02 
2005 Kateen 350 579 1.65 
2006 Kateen 450 847 1.88 
2005 Kitwanga 1600 2408 1.51 
2006 Kitwanga 2915 3014 1.03 
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FIGURES 

 

 
 

Figure 1.  Location of Kwinamass River, Kateen River and Kitwanga River in northern British 
Columbia. 
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Figure 2.  The joint hypergeometric maximum likelihood profile for the estimate of large 
Chinook salmon spawning in the Kwinamass River. 

 
 
 

0.00

0.20

0.40

0.60

0.80

1.00

500 1000 1500 2000

Escapement Estimate

C
hi

-S
qu

ar
e 

Pr
ob

ab
ili

ty

Likelihood Profile
Chi-Square Probability 0.95

 
Figure 3.  The joint hypergeometric maximum likelihood profile for the estimate of large 
Chinook salmon spawning in the Kateen River. 
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Appendices 
Appendix 1.  Chinook salmon escapements to Kwinamass, Khutzeymateen and Kitwanga Rivers 
from Fishery Officer records.   

Year Kwinamass Khutzeymateen Kitwanga
1962 1500  25 
1963 3500   
1964 1500 3500  
1965 3000 800 25 
1966 5000 1000 25 
1967 3500 800  
1968 5000 5000 25 
1969 1000 750 75 
1970 1200 750 75 
1971 2500 750 75 
1972 1000 2000 75 
1973 300  200 
1974 1200  200 
1975 1000  200 
1976 500 500 75 
1977 600 1000 200 
1978 700 700 200 
1979 300 800 25 
1980 300 300 25 
1981 300 300  
1982 500 500  
1983 150 200  
1984 300 300 15 
1985 200 300 700 
1986 600 500 1000 
1987 300 750 1000 
1988 300 300 1000 
1989 200 200 1000 
1990 350 325 2000 
1991 300 300 1200 
1992 295 275 2500 
1993 200 200 975 
1994 100 100 1000 
1995 100 100 600 
1996 300  2000 
1997 300 150 1600 
1998 400 100 2500 
1999 200 100 1000 
2000 300 300  
2001 700 600 2500 
2002 600 300  
2003 450 150 1776* 
2004 400  1542* 
2005 400 350 2408* 

 
*  fence counts 
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Appendix 2.  Details of mark-resight experiments conducted on the Kwinamass River from 2002 
to 2004. 

Kwinamass River Chinook were marked over 6 days from July 17 to August 1, 2002.  A 
total of 137 Chinook were caught, 99 adults were tagged.  Swims of the river occurred on August 
12 and 16 and a float of the river occurred August 18.  Two divers snorkeled the river each day 
preparing independent counts.   The mark-recapture estimate was 1176 Chinook with upper and 
lower 95% confidence limits of 943 and 1465 Chinook respectively. 
 Marking in 2003 occurred over 4 days from July 17 to 30.  A total of 91 Chinook were 
caught and 66 adults were tagged.  Swims of the river occurred on August 8 and 12.  The mark-
recapture estimate was 771 Chinook with 95% confidence limits of 578 and 1028 Chinook. 
 The 2004 mark-recapture experiment on the Kwinamass River encountered significant 
logistical problems in both the mark application and recapture phases.  92 Chinook were caught 
and 52 large Chinook were tagged over 5 days from July 20 to August 10.  Floats of the river 
were conducted on August 11 and 22.  A swim was also conducted on August 22 but very few 
Chinook were observed because most were already spawning in shallow water not suitable for 
snorkel surveys. The mark-recapture estimate was 981 with 95% confidence limits of 384 and 
2352.   
 


