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ABSTRACT 
This was the first endeavor as part of a planned 3-year study to estimate the abundance of sockeye 
salmon Oncorhynchus nerka returning to spawn in the Lost River located near Yakutat, Alaska. The 
abundance of sockeye salmon in 2003 and 2004 was estimated using 2-event mark–recapture 
experiments. Biological data were collected during both sampling events. Fish were initially captured 
during Event 1 at the confluence of the Tawah Creek and Lost River in 2003, but subsequently moved 
to sections of Tawah Creek for the majority of sampling in 2003 and 2004 using a beach seine from 
July 12 through August 11 in 2003 and from August 4 through September 7 in 2004. Each fish was 
marked by removal of the adipose fin and given a secondary batch mark in the form of an opercle punch 
or removal of an axillary appendage. In Event 2, fish carcasses were collected and examined for marks 
on the spawning grounds in 3 different sections of the Tawah Creek drainage from September 20 
through October 27 in 2003 and in 4 different sections of the drainage from September 22 through 
November 17 in 2004. In 2003, a total of 312 sockeye salmon were captured, marked, and released 
during Event 1. In Event 2, 745 sockeye salmon were sampled and of these, 40 were recaptures that had 
been previously marked in Event 1. In 2004, a total of 444 sockeye salmon were captured, marked and 
released during Event 1. In Event 2, 226 sockeye salmon were sampled and of these, 47 were recaptures. 

In 2003, a battery of hypothesis tests suggested that stratification of mark–recapture estimates by 
temporal strata and/or fish size was unnecessary. An estimate of the abundance of sockeye salmon was 
produced using a Chapman modification of the Petersen estimator. Abundance of sockeye salmon in the 
Lost River in 2003 was estimated to total 5,978 fish (SE = 861). The peak survey of sockeye salmon in 
the Lost River in 2003 was 3,057 fish on September 14. The expansion factor calculated from dividing 
the estimated escapement by the peak survey count was 1.95 (SE = 0.281). The age classes represented 
in the 2003 escapement during Event 2 sampling were age-1.1 (2.0%), age-0.3 (2.8%), age-1.2 (44.4%), 
age-1.3 (50.3%), age-2.2 (0.3%), and age-2.3 (0.3%). Brood years from 1997 through 2000 contributed 
to the 2003 escapement. 

In 2004, the same battery of hypothesis testing suggested that stratification of mark–recapture estimates 
by temporal strata and/or fish size was necessary. An estimate of the abundance of sockeye salmon was 
produced using the Chapman modification of the Petersen estimator after a thorough evaluation of 
using the Darroch estimator for a size stratum. Abundance of sockeye salmon in the Lost River in 2004 
was estimated to total approximately 2,406 fish (SE = 386). The peak survey of sockeye salmon in the 
Tawah Creek drainage in 2004 was 1,123 fish (Summit Lake only) on September 1. The expansion 
factor calculated from dividing the estimated escapement by the peak survey count was 2.14 (SE = 
0.343). The age classes represented in the 2004 escapement during Event 2 sampling were age-1.1 
(4.5%), age-1.2 (35.2%), age-2.2 (1.3%), age-1.3 (54.7%), and age-2.3 (4.2%). Brood years from 1998 
through 2001 contributed to the 2004 escapement. 

Key words: sockeye salmon, Oncorhynchus nerka, spawning abundance, Lost River, mark–recapture, 
peak survey count, expansion factor, age, sex, length composition, Yakutat Alaska 

 

INTRODUCTION 
The Lost River is a small stream located 11 km 
southeast of Yakutat, Alaska (Figure 1). Portions 
of the drainage include Ophir Creek, Tawah 
Creek, and Coast Guard (Summit) Lake. Alaska 
Department of Fish and Game (ADF&G) staff 
count spawning and/or migrating sockeye 
salmon and coho salmon in the Lost River 
system during foot, and boat based escapement 
surveys. The annual peak survey counts are used 

as indices of the annual escapement strengths for 
these 2 stocks of salmon. 

The Lost River system drained into its own 
lagoon before entering the Gulf of Alaska prior 
to the winter of 1999–2000. In that winter, the 
Lost River changed channels and now empties 
into the Situk-Ahrnklin lagoon. A commercial 
set gill net fishery took place in the Lost River 
lagoon prior to the year 2000. Prior to 2000, it is 
believed that virtually all of the salmon harvest 
that took place in the Lost River lagoon were 
fish of Lost River origin. The Situk-Ahrnklin 
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stocks of sockeye and coho salmon are much 
more abundant than the Lost River stocks of 
sockeye and coho salmon. The Situk-Ahrnklin 
lagoon fishery targets Situk and Ahrnklin origin 
fish. Although there is no scientific based catch 
allocation methodology in place for that fishery, 
it is assumed that some Lost River origin 
sockeye and coho salmon were harvested in the 
Situk-Ahrnklin lagoon fishery in the years from 
2000 to 2002. 

From 1972 to 1999, harvests of sockeye salmon 
in the Lost River lagoon commercial fishery 
averaged about 2,800 fish. A small sport fishery 
takes place in the Lost River; only a few sockeye 
salmon are harvested by anglers. Sporadic, but 
minor subsistence harvests of sockeye salmon in 
the Lost River system have also taken place over 
the past 30 years. 

Successfully implemented peak annual counts of 
sockeye salmon in the Lost River system have 
previously been assumed to represent about two-
thirds of the total annual abundance. This 
assumption is based entirely on professional 
opinion; a scientifically based total estimate of 
the abundance of sockeye salmon in the Lost 
River system has never taken place. Assuming 
the professional based expansion factor is 
correct, total escapement of sockeye salmon in 
the Lost River system since 1972 has averaged 
about 3,700 fish. And thus, total run strength has 
averaged somewhere between 6,000 and 7,000 
sockeye salmon over the past 30 years. 

In 1995, ADF&G adopted an escapement goal 
range of 1,000 to 2,300 sockeye salmon counted 
during a peak survey of the Lost River based 
upon the technical recommendations of Clark, 
Burkholder, and Clark (1995). Peak annual 
counts of sockeye salmon in the Lost River 
system from 1998 to 2002 averaged 1,700 fish. 
Based upon the assumption that peak surveys 
represent about two-thirds of the total 
escapement, the total escapement of sockeye 
salmon in the Lost River from 1998 to 2002 was 
about 2,500 fish. 

Improvements in the annual stock assessments 
for Lost River sockeye salmon have been 
recommended in past technical reports and they 
are needed. This specific stock assessment study 
is planned and primarily intended to provide 

direct estimates of total abundance of sockeye 
salmon in the Lost River. Intent was to continue 
these efforts for a minimum of 3 years so that the 
annual average and inter-annual variance for the 
relationship between peak survey counts and 
total escapements can be scientifically 
determined for sockeye salmon. The objectives 
for the sockeye salmon stock assessments in 
2003–2004 were: (1) to estimate the total 
abundance of sockeye salmon in the Lost River; 
(2) to estimate the expansion factor (abundance 
estimate divided by the peak survey count); and 
(3) to estimate the age composition of the 
escapement of sockeye salmon in the Lost River. 

METHODS 
Two-event mark–recapture experiments for a 
closed population (Seber 1982) were conducted 
to estimate abundance of sockeye salmon in the 
Lost River in 2003 and 2004. 

CAPTURE AND MARKING (EVENT 1) 
Immigrating sockeye salmon were caught in the 
vicinity of the Tawah Creek and the Lost River 
confluence and within the Tawah Creek drainage 
itself. A 30 m × 4 m (mesh 2.2 cm) beach seine 
was used to capture fish during Event 1 from 
July 12 to August 11, 2003 and from August 4 to 
September 7, 2004. The number of beach seine 
sets each day and the resultant catch per set were 
recorded on field data forms. 

Upon retrieval of the beach seine, sockeye salmon 
were carefully removed from the net for sampling. 
Sockeye salmon captured and in good condition 
were measured from mid-eye to fork of tail 
(MEF) to the nearest 5 mm, sex determined by 
visual examination of external anatomy, fish were 
doubly marked, and color phase and condition of 
each fish was noted and then the fish were 
released. 

The primary mark was an adipose fin clip. The 
secondary mark was a 6-mm diameter hole 
punched in the upper one-third of the left (LUOP) 
or right (RUOP) opercle with a paper punch, or a 
left (LAUX) or right (RAUX) auxiliary fin clip, or 
a double RUOP. The secondary mark was used to 
designate the time strata when a fish was tagged 
in the first-event releases. 
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Figure 1.– Map depicting Alaska and showing location of the Lost River southeast of Yakutat, Alaska. 
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The secondary marks were used to ensure that 
when a fish was examined on the spawning 
grounds, anywhere from 2 weeks to 3 months 
later, the time period when the fish was marked 
and released could be determined.  Further, this 
ensured that we could conduct appropriate tests of 
these data when calculating the mark–recapture 
estimate.  Temporal marks are necessary to 
conduct diagnostic tests of model assumptions 
and to select the most appropriate model to 
estimate abundance. 

RECOVERY ON SPAWNING GROUNDS 
(EVENT 2) 
Event 2 sampling was conducted by seining and 
inspecting sockeye salmon for marks throughout 
the spawning grounds of the Tawah Creek 
drainage from September 20 to October 27, 2003 
and from September 22 to November 17, 2004.  
In order to assess mixing of marked and 
unmarked segments of the spawning population, 
Tawah Creek was sampled in 4 sections on the 
spawning grounds. The numbers of marked and 
unmarked fish examined during Event 2 
sampling in these sections of creek were 
discretely recorded and compared to determine if 
marking rates were relatively constant across the 
entire spawning grounds. 

Sampling crews consisted of 2 to 4 persons that 
traversed Ophir and Tawah Creeks spawning 
grounds by foot or with the use of canoe.  Once a 
fish was examined and to ensure that these fish 
were not sampled again (without replacement), a 
slash mark was made on the left side of any 
carcass or a dorsal fin hole punch was made on 
live fish. 

ABUNDANCE ESTIMATION 
In 2003, we used Chapman's modification of the 
Petersen Method (Seber 1982) to estimate 
abundance of sockeye salmon as: 

                   1 - 
1)+(R

1)+1)(C+(M  = N ˆ                  (1) 

where: 

 $N  = estimated abundance of sockeye salmon; 

M = number of marked sockeye released in 
Event 1 that were available for sampling 
during Event 2; 

C =  number of sockeye inspected for marks 
during Event 2; and 

R = number of sockeye with marks in samples 
during Event 2. 

The conditions for accurate use of this 
methodology are: 

1) all sockeye salmon have an equal probability 
of being marked; or 

2) all sockeye salmon have an equal probability 
of being inspected for marks; or 

3) marked fish mixed completely with unmarked 
fish between events; and 

4) there is no recruitment to the population 
between events; and 

5) there is no mark-induced mortality; and 

6) fish do not lose their marks and all marks are 
recognizable. 

Meeting the first condition depended upon entry 
pattern, how long these fish remained in the area 
where netting occurred, and the fishing effort 
that took place during Event 1.  Residence time 
at the first event sampling site is unknown and 
only limited inference can be gleaned 
concerning entry pattern based on catch per 
effort statistics during event 1 sampling.  Event 
1 sampling effort was sporadic with anywhere 
from 1 to 4 beach seine sets per day over a 31 
day period of time. Meeting the second 
condition depended primarily upon survey 
coverage.  Second event sampling took place 
over a 38-day period and throughout the 
spawning grounds.  Meeting the third condition 
depended primarily upon behavior of fish 
marked during Event 1. 

Three consistency tests described by Seber 
(1982) were used to test for temporal and/or 
spatial violations of conditions 1–3.  
Contingency table analyses were used to test 3 
null hypotheses: 1) the probability that a marked 
fish was recovered during Event 2 was 
independent of when it was marked; 2) the 
probability that a fish that was inspected during 
Event 2 was marked was independent of 
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when/where it was caught during Event 2; and 
3) time of marking was independent of whether 
and where/when a marked fish was recovered 
during Event 2. Failure to reject at least 1 of these 
3 hypotheses is sufficient to conclude that at least 
1 of conditions 1–3 was satisfied. 

Assumptions 1–3 could also be violated if size-
selective sampling occurred. Meeting these 
conditions was tested through a series of 
hypothesis tests (Appendix A.1). Determination 
of whether the sockeye salmon sampled in Event 
1 had similar length distributions to fish sampled 
in Event 2 was based upon the Kolmogorov-
Smirnov (K-S) test.  The test hypotheses were 
that fish of different lengths were captured with 
equal probability during Events 1 and 2 using 
the test criterion level of α = 0.05. 

The basis for meeting condition 4 (no 
recruitment) is based on the timing of the 
tagging event, observations of salmon 
abundance at the tagging site throughout Event 
1, and surveys.  The timing of the tagging event 
coincided with the commercial fishery which 
gave an indication that 99% of the harvest had 
been taken during the tagging event.  During 
float/foot surveys of the Ophir/Tawah Creeks 
drainage newly arriving sockeye salmon have 
not been observed after the month of September.  
Further, catches of sockeye salmon in the 
commercial fishery in the month of August 
quickly decline and instead coho salmon are 
harvested. Consequently, there is reason to 
believe that little to no recruitment to the 
population occurred prior to or following 
completion of event 1 sampling.  

Anytime salmon are caught and handled, there is 
potential for mark-induced mortality (condition 
5). Periodic visual examinations of the area 
where Event 1 sampling occurred failed to 
document dead marked sockeye salmon.  
However, this provides only limited testing of 
this important assumption 

Each marked fish received a primary mark and a 
secondary mark to insure that marks were 
recognizable during second-event sampling.  
Thus marked fish were unable to lose their marks 
as sometimes occurs with tagged fish (condition 
6). 

An estimate of the variance for $N  was obtained 
through bootstrapping (Efron and Tibshirani 
1993) by adapting methods described by 
Buckland and Garthwaite (1991).  The fate of the 
estimated $N  in the experiment was divided into 
capture histories (Table 1) to form an empirical 
probability distribution (epd). A bootstrap 
sample of size $N  was drawn from the epd with 
replacement. From the resulting collection of 
resample capture histories, R*, C*, and M* were 
tallied, and then $ *N was calculated. The 
bootstrap procedure was repeated one million (B) 
times. 

Table 1.–Fates of sockeye salmon in the mark–
recapture experiment. 

1. Marked and not seen during Event 2 

2. Marked and recaptured on the spawning grounds 
during Event 2 

3. Unmarked and not seen during Event 2 

4. Unmarked and inspected on the spawning 
grounds during Event 2 

Using these bootstrap results, the approximate 
variance was calculated as: 

1

)ˆˆ(
)ˆr(âv 1

2**

−

−
=
∑
=

B

NN
N

B

b
b

                      (2) 

where $ *N is the average of the $ *Nb . 

In 2004, the experiment was designed to estimate 
sockeye salmon abundance using a 2-sample 
mark–recapture experiment. Under ideal 
conditions, Chapman's modification of the 
Petersen Method (Seber 1982) would be used to 
estimate sockeye salmon abundance. The same 
conditions or assumptions apply, as stated earlier, 
for appropriate use of this methodology. 

This experiment was designed so that these 
conditions could either be ensured by field 
procedures or the conditions could be evaluated 
with diagnostics testing, and the appropriate 
model for estimating abundance could be 
selected.  In the case when size-bias sampling 
was detected by diagnostic tests, stratification of 
data by size category (Appendix A.1) was used 
to eliminate potential bias prior to estimating 
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abundance. Where temporal violations of the 
equal probability of capture assumptions were 
detected using the contingency table analyses 
described above, the partially stratified estimator 
described by Darroch (1961) was utilized to 
estimate abundance. The software package 
Stratified Population Analysis System (SPAS; 
Arnason et al. 1996) was employed to calculate 
a Darroch-type estimate and approximate 
variance. 

PEAK SURVEY TO TOTAL ESCAPEMENT 
EXPANSION FACTOR 
The expansion factor for the peak count of 
sockeye salmon from the surveys in 2003 and 
2004 and its’ variances were estimated as follows: 

iii IN̂ˆ =π                          (3) 

2)ˆ(ˆ)ˆ(ˆ −= iii INravrav π                (4) 

where πi was the expansion factor for year i and Ii 
the peak count of several surveys conducted in 
year i. The variance in equation 4 represents 
sampling-induced variation from the mark–
recapture experiment, and accordingly represents 
the same precision attained with the estimate of 
abundance from the experiment. 

AGE, SEX, AND LENGTH COMPOSITION 
Scales were collected from sockeye salmon 
sampled during Event 2 and the methods of 
Thompson (1987) were used to determine 
minimum sample size.  Fish scales were taken 
from the left side of the salmon approximately 2 
rows above the lateral line on the diagonal row 
that extends down from the posterior insertion of 
the dorsal fin to the anterior insertion of the anal 
fin (Koo 1955).  Scales were mounted on gum 
cards and impressions made in cellulose acetate 
as prescribed by Clutter and Whitesel (1956). 
Ages of sockeye were determined by visual 
examination of scale impressions under moderate 
magnification (40X) using a microfiche viewer.  
Age was determined based on criteria established 
by Mosher (1969).  Ages were recorded in 
European notation (Koo 1962).  Sex and length 
were recorded for all specimens sampled.  Sex of 
the fish was determined by morphological 
characteristics. Length in millimeters was 

measured from mid-eye to fork-of-tail (MEF) in 
5-mm increments. 

For each size stratum, age and sex composition 
was estimated as a series of proportions pij 
defining a multinomial distribution. The 
marginal proportion was estimated for each 
combination of age and sex along with estimates 
of the proportions’ variance (Cochran 1977): 

nnp ijij =ˆ                          (5) 

1
)ˆ1(ˆ

)ˆvar(
−

−
=

n
pp

p ijij
ij                 (6) 

where n was the sample size and nij the number 
in the sample of age i sex j. 

RESULTS 
TAGGING, RECOVERY AND ABUNDANCE 
2003 
A total of 312 sockeye salmon were captured, 
sampled and released with primary and 
secondary marks between July 12 and August 11 
2003 (Table 2). 

Table 2.–Number of sockeye salmon marked in 
Event 1 and inspected for marks on the spawning 
grounds by location in Event 2, Lost River, 2003. 

Event 1: 
Released with marks (M)                        312 
Event 2: 
  Captured (C) 
     Ophir Creek Bridge                           189 
     Upper Ophir Creek                            555 
   Total                                                    744 
  Recaptured (R) 
       Ophir Creek Bridge                            5 
       Upper Ophir Creek                           33 
   Total                                                     38    

Detailed information, including the beach seine 
sets made, number of sockeye salmon caught, 
and type of mark employed by date and location 
is presented in Appendix A.2. From September 
20 through October 27 of 2003, we inspected a 
total of 744 fish from Ophir Creek during Event 
2 (Table 2, Appendix A.3).  Of these, a total of 
38 fish were observed with marks and were used 
to represent the total number of recaptured fish 
in Event 2 for the Lost River. Five of the marked 
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fish were captured at the Ophir Creek bridge, and 
the remaining 33 fish were captured in Upper 
Ophir Creek. All marked fish recovered during 
Event 2 possessed their primary adipose fin clip 
and secondary marks. 

Diagnostic testing for size-bias sampling was 
conducted according to methods described in 
Appendix A.1. The length frequency distribution 
of all fish marked (M) during Event 1 did not 
differ significantly from that of those marked 
fish recaptured (R) during Event 2 (K-S = 0.190, 
p = 0.135); Appendix A.4) thus, we failed to 
reject the null hypothesis indicating no evidence 
of size-bias sampling during Event 2. The direct 
test for Event 1 length bias between captures (C) 
and recaptures (R) indicated no statistical 
difference (K-S = 0.143, p = 0.424).  For the M-
C test, a K-S test statistic of 0.084 with a p-value 
of 0.079 was calculated indicating that we fail to 
reject the null hypothesis indicating no evidence 
of size bias during Event 1. Based on the 
prescription of detecting no differences in both 
tests, we determined we had a Case I experiment 
with no size bias resulting in a singe unstratified 
abundance estimate, and concluded lengths, 
sexes, and ages from all sampling events could 
be pooled to estimate composition. 

Temporal violations of the first conditions (equal 
probability of sampling or complete mixing) 
were examined using contingency table analyses 
(Seber 1982, Appendix A.5). The null hypothesis 
that the probability that a marked fish was 
inspected for marks during Event 2 was 
independent of the time during the run that it was 
marked in Event 1 was rejected (χ2 = 3.905, p = 
0.048) indicating probability of capture during 
Event 2 was not consistent over time. A 
summary of the number of sockeye salmon 
inspected and number with marks observed 
during Event 2 is shown in Appendix A.3.  The 
null hypothesis that the probability that an Event 
2 fish was marked was independent of the time 
interval during Event 2 when the fish was 
sampled was not rejected (χ2 = 3.308, p = 0.346) 
when 4 approximately equal size lots of Event 2 
fish were compared over time. By inspection, 
marked to unmarked ratios of fish examined 
during October were very uniform and 
potentially different from those examined during 
September.  However, no significant difference 

was detected between fish examined in 
September vs. October (χ2 = 3.169, p = 0.075) 
indicating probability of capture during Event 1 
was consistent over time. The null hypothesis 
that the time a fish was marked (July vs. August) 
was independent of whether or when (September 
vs. October) a marked fish was recovered was 
not rejected (χ2 = 4.595, p = 0.101).  Failure to 
reject the null hypothesis for any one of these 3 
tests is sufficient to conclude that at least one of 
conditions 1–3 was satisfied and a partially 
stratified model for abundance estimation did not 
need to be employed. 

We were able to use the Chapman modification 
of the Petersen estimator which gives a point 
estimate of 5,978 fish with a SE of 861. The 95% 
CI is 4,639 to 8,098 fish based on the bootstrap 
analysis. 

2004 
A total of 444 sockeye salmon were captured, 
sampled, and released with primary and 
secondary marks between August 4 and 
September 7, 2004 (Table 3, Appendix A.6).  
From September 22 through November 17 of 
2004, a total of 226 fish were inspected during 
Event 2, of these 47 fish were observed with 
marks (Table 3, Appendix A.7). All marked fish 
had their primary adipose fin clip. 

Table 3.–Number of sockeye salmon marked in 
Event 1 and inspected for marks on the spawning 
grounds by location in Event 2, Lost River, 2004. 

Event 1: 
Released with marks (M)                            444 
Event 2: 
  Captured (C) Ophir Creek                        226 
  Recaptured (R) Ophir Creek                      47 
 

As a part of the abundance estimate, testing for 
size bias sampling was conducted. Length 
frequencies were plotted and compared, and 
found to differ statistically between fish marked 
(M) in Event 1 and those marked fish recaptured 
(R) on the spawning grounds in Event 2 (Table 
4). Similarly, length-frequency distributions 
differed statistically for all fish marked (M) 
during Event 1 and those captured (C) during 
Event 2 (K-S = 0.215, p < 0.001; Table 4).  
Based on these initial tests, we had a Case IV 



 

 8 

experiment (see Appendix A.1) and needed to 
stratify our data by size and then estimate 
abundance for each size stratum independently.  
Inspection of length frequencies and diagnostic 
tests indicated the most severe discrepancies 
were accommodated by stratifying the data into 
size categories of 281–485 mm, 486–550 mm, 
and 551–640 mm (Table 4) and further testing 
for size bias was conducted within these 3 strata. 
For each size category, the null hypotheses of no 
differences in size distributions of M-R and M-C 
were not rejected.  This left us with a Case I 
experiment for each stratum.  Therefore, it was 
necessary to stratify our data by size and then 
estimate abundance for each size category. 

Table 4.– Summary of Kolmogorov-Smirnov (K-
S) test results for size-frequency distributions 
observed in marked (M), captured (C), and recaptured 
(R) samples, 2004. 

Size K-S Probability Hypothesis 
Category Statistic Level Test 
All fish 
   M-R              0.236             0.011                    Reject 
   M-C              0.215            <0.001                   Reject 
 
281-485 mm interval 
   M-R              0.373             0.512                    Accept 
   M-C              0.159             0.327                    Accept 
 
486-550 mm interval 
   M-R              0.186             0.309                    Accept 
   M-C              0.162             0.083                    Accept 
 
551-640 mm interval 
   M-R              0.162             0.864                    Accept 
   M-C              0.102             0.472                    Accept 

Diagnostics were also directed at detecting 
significant temporal violations of the first 3 “or” 
assumptions of the estimator. Using the entire 
data set, we tested the null hypothesis that the 
probability of a fish being inspected for marks 
was independent of the time during the run when 
it was marked in Event 1. The Chi-square (χ2) 
Test statistic for all fish combined was 9.8488 
with a p-value of 0.0198 indicating a rejection of 
the null hypothesis and that temporal 
stratification was necessary (Appendix A.8). A 
second temporal test was conducted for testing 
the null hypothesis that the probability that an 
Event 2 fish was marked was independent of the 
time during Event 2 when a fish was caught and 

inspected.  The χ2 was equal to 9.524 with a p-
value of 0.0085, so we rejected the null 
hypothesis.  A third χ2 test for mixing could not 
be conducted using the same temporal strata as 
the previous 2 tests because expected values for 
contingency table cells were too small for valid 
testing. However, when not dissimilar adjacent 
rows and columns were pooled, the χ2 was 6.565 
with a p-value of 0.0375, which rejects the null 
hypothesis of complete mixing between 
sampling events. Following size stratification, in 
size categories 281–485 mm and 551–640 mm, 
we failed to reject the null hypotheses indicating 
a Petersen-type estimate was appropriate for 
unbiased abundance estimation within these 
strata.  However, in the size category 486–550 
mm, we again rejected all 3 of the null 
hypotheses indicating the Petersen estimate was 
biased and a Darroch-type estimator was 
appropriate for estimating abundance.  We 
appear to have different size fish showing up at 
different times in the experiment and it is 
plausible and likely that the temporal/geographic 
problems are confounded to some extent with the 
size bias problems we observed. 

It appears that the size of fish observed during 
the second event varied significantly between 
September, October and November. Also, it 
appears that fish marked during the first 2 
marking periods were different size than those 
marked during the second 2 marking periods, but 
we didn’t detect any difference between the 
cumulative distribution frequencies (CDFs) for 
the first 2 marking periods and we didn’t detect 
any differences between the CDFs for the last 2 
marking periods. 

In order to develop the least biased estimate of 
abundance, it was critical that size stratification 
and an appropriate estimator were used. 
Chapman’s modification of the Petersen method 
was used to estimate abundance in the 281–486 
mm and 551–640 mm strata, and we attempted 
to use Darroch’s partially stratified estimator for 
the 486–550 mm size stratum. Unfortunately, 
when the Darroch estimator was used, the 
transition matrix (a result of the probabilities of 
capture over time during both events) that 
reflects the most obvious choice of estimator 
does not yield a plausible estimate of abundance. 
Thus, if we estimated abundance on all 3 strata 
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using Chapman’s estimator, the overall 
abundance estimate is 2,406 fish with a SE of 
386 (Appendix A.9). The estimates of abundance 
based on the size categories 281–485 mm and 
551–640 mm were 835 fish and 1,157 fish, 
respectively, for an unbiased estimate of 1,992 
fish (SE=382) in these 2 size strata. The 486–550 
mm size stratum contributes a biased estimate of 
414 fish (SE=55) to this total. The 95% CI is 
1,649 to 3,162 fish based on all 3 strata 
combined. 

EXPANSION FACTOR 
During 2003, there were 5 boat surveys of the 
Lost River/Tawah Creek drainage when sockeye 
salmon were counted (Table 5). 

Table 5.–Survey counts of sockeye salmon in the 
Lost River/Tawah Creek drainage, 2003. 

  Date  Count 
  7/16                                                   52 
  7/24                                                 119 
  7/31                                                 168 
  8/19                                              2,942 
  9/14                                              3,057 

The peak survey occurred on September 14 and 
the count was 3,057 sockeye salmon. The survey 
expansion factor (the ratio of the total abundance 
estimate of salmon to the peak survey count) for 
2003 was 1.95 (SE = 0.281). 

In 2004, there were 10 float surveys of the Lost 
River/Tawah Creek drainage for enumerating 
sockeye escapement (Table 6). 

Table 6.–Survey counts of sockeye salmon in the 
Lost River/Tawah Creek drainage, 2004. 

Date Count 
7/14a                                        0 
7/21a                                      13 
7/28a                                      19 
8/2b                                      191 
8/8a                                      210 
8/12b                                    245 
8/19b                                    342 
9/1c                                   1,123 
9/28                                     609 
9/29d                                      39 
a Cannon Beach to confluence 
b Summit Lake to confluence 
c Summit Lake only 
d East Ophir 

The peak survey count was observed on 
September 1 with a count of 1,123 sockeye 
salmon. However, this count only included 
Summit Lake. Thus, this count would reflect a 
minimum for a system-wide total. The maximum 
survey expansion factor (the ratio of the total 
abundance estimate of salmon to the peak survey 
count) for 2004 was 2.14 (SE = 0.343). 

ESTIMATES OF AGE, SEX AND LENGTH 
COMPOSITION 
The age composition of fish sampled in 2003 in 
the Lost River was comprised of 6 age classes 
ranging from age-1.1 to age-2.3 that represented 
4 brood years (2000, 1999, 1998, and 1997) that 
returned in 2003 as 3, 4, 5 and 6 year old fish 
(Appendix A.10).  There were 2 age classes 
(both sexes combined) age-1.2 (44.4%) and age-
1.3 (50.3%) that made up a majority of the 
spawning population.  Age-1.1 (2.0%), age-0.3 
(2.8%), age-2.2 (0.3%), and age-2.3 (0.3%) 
comprised the remainder. Overall, males 
represented 38.7% and females represented 
61.3% of the escapement. 

In 2004, the age composition of fish sampled in 
the Ophir Creek drainage was comprised of 5 
age classes ranging from age-1.1 to age-2.3 that 
represented 4 brood years (2001, 2000, 1999, 
and 1998) that returned in 2004 as 3-, 4-, 5- and 
6-year-old fish (Appendix A.11).  Two age 
classes, age-1.2 (35.2%) and age-1.3 (54.7%), 
made up a majority of the spawning population.  
Age-1.1 (4.5%), age-2.2 (1.3%), and age-2.3 
(4.2%) comprised the remainder. 

DISCUSSION 
This study has provided an opportunity to 
understand the dynamics of estimating 
population sizes relative to underlying 
assumptions that have to be met in order to use 
specific estimators.  In 2003, we initially were 
hoping to use Chapman’s modification of the 
Petersen method.  And through a battery of tests 
for determining if size or temporal affects are 
present, we were able to conclude that the 
Chapman estimator was the model of choice.  
We collected data such that we could directly 
address the 3 “or” assumptions and length 
selectiveness through a series of statistical tests 
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or diagnostics. Based on the results of the K-S 
tests, size characteristics of the marked fish in 
Event 1 and subsequent recaptured fish in Event 
2 were not significantly different, and were not 
different between the marked fish of Event 1 and 
the captured fish of Event 2. This resulted in a 
Case I scenario of calculating 1 unstratified 
abundance estimate. 

The necessity of using an abundance estimator 
such as the Darroch (which is a partially 
stratified Petersen estimator) to minimize bias is 
based the results of diagnostic tests to evaluate 
the appropriateness of a Petersen type estimator.  
Testing of the first 3 conditions for satisfying 
equal probability of capture in either sampling 
event or that mixing occurred provided 
diagnostic results that directed us toward a 
stratified approach in 2004. This necessitated 
breaking the sampling in Events 1 and 2 into 
periods of fairly homogeneous proportions based 
on released and recaptured fish in each stratum.  
Unequal probabilities of capture between 
different sizes of fish during Events 1 and 2 were 
confounded with differences in probability of 
capture over time during these events.  The size 
of fish looked at during the second event varied 
significantly between September, October and 
November. Also, fish marked during the first 2 
marking periods were different size than those 
marked during the second 2 marking periods, but 
we did not detect any difference between the 
CDFs for the first 2 marking periods and we did 
not detect any difference between the CDFs for 
the last 2 marking periods. Thus, a Chapman 
modification of the Petersen was used to 
estimate abundance in the smallest and largest 
size strata and a partially stratified Petersen 
estimator—a Darroch estimator was applied to 
the intermediate size group. 

However, in applying the Darroch estimator to 
the intermediate size group, the transition matrix 
(a result of the probabilities of capture over time 
during both events) that is the most obvious 
choice for using the Darroch model did not yield 
a plausible estimate of abundance.  We had some 
non-sensical probabilities of capture and 
estimates of negative fish.  Thus the only choice 
we had was to use the Chapman model for all 3 
strata, knowing that for the intermediate size 
group there would be some bias. 

The Chapman estimator when summing the 3 
size categories produced an overall abundance 
estimate of 2,406 fish. If the intermediate size 
stratum contributed a biased estimate of 414 fish 
to the total, and if we believe the estimate is at 
least the correct order of magnitude, we conclude 
that we still have a fair amount of confidence in 
how many fish this stratum contributes. We 
know that 191 fish were handled between the 2 
events, so there are at least that many accounted 
for. The nature of the bias (high or low) of the 
abundance estimate of 414 is unknown and the 
estimate of variance is very likely biased low.  
The estimates of the other 2 size strata are sound, 
so the relative effects of these biases on the 
overall estimate is relatively much smaller than 
for the middle size stratum itself.   

We estimated that the portions of sockeye 
salmon observed during the peak surveys were 
approximately 51% and 47% of the estimated 
abundance in 2003 and 2004, respectively. This 
value is lower than was previously thought. Prior 
opinions concerning this proportion generally 
centered on the belief that the peak surveys 
accounted for about two-thirds of the total. 

CONCLUSIONS AND 
RECOMMENDATIONS 

Estimating the total abundance is important 
information for assessment and management of 
the Lost River/Tawah Creek sockeye salmon 
stocks. Use of a 2-event mark–recapture 
abundance estimator provided a relatively 
accurate estimate of abundance of sockeye 
salmon in 2003 for the Lost River. The 
abundance estimate for sockeye salmon in 2004 
was not as simple a matter. 

Multiple years are critical to determining annual 
variation and an appropriate average for 
application of expansion factors to historic peak 
surveys for run reconstruction efforts.  Three 
years of useable abundance estimates and 
companion expansion factors should be 
collected. This should provide the data needed to 
improve historic run reconstructions and 
improve information for better understanding of 
productivity and estimation of an appropriate 
escapement goal for this stock of salmon. 
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Appendix A1.–Detection of size-selectivity in sampling and its effects on estimation of size composition. 

Results of Hypothesis Tests (K-S and χ2) on lengths of 
fish MARKED during the First Event and 
RECAPTURED during the Second Event 

 Results of Hypothesis Tests (K-S and χ2) on lengths 
of fish CAPTURED during the First Event and 
CAPTURED during the Second Event 

Case I: 
 "Accept" Ho       "Accept" Ho  
 There is no size-selectivity during either sampling event. 
 
Case II: 
 "Accept" Ho        Reject Ho  
There is no size-selectivity during the second sampling  
event but there is during the first. 
 
Case III: 
 Reject Ho       "Accept" Ho  
There is size-selectivity during both sampling events. 
 
Case IV: 
 Reject Ho       Reject Ho 
There is size-selectivity during the second sampling event;  
the status of size-selectivity during the first event is unknown. 
Case I: Calculate 1 unstratified abundance estimate, and pool lengths, sexes, and ages from both sampling events 
to improve precision of proportions in estimates of composition. 

Case II: Calculate 1 unstratified abundance estimate, and only use lengths, sexes, and ages from the second 
sampling event to estimate proportions in compositions. 

Case III: Completely stratify both sampling events, and estimate abundance for each stratum. Add abundance 
estimates across strata to get a single estimate for the population. Pool lengths, ages, and sexes from both 
sampling events to improve precision of proportions in estimates of composition, and apply formulae to correct 
for size bias to the pooled data (p. 17).  

Case IV: Completely stratify both sampling events and estimate abundance for each stratum. Add abundance 
estimates across strata to get a single estimate for the population. Use lengths, ages, and sexes from only the 
second sampling event to estimate proportions in compositions, and apply formulae to correct for size bias to the 
data from the second event.  

Whenever the results of the hypothesis tests indicate that there has been size-selective sampling (Case III or IV), 
there is still a chance that the bias in estimates of abundance from this phenomenon is negligible. Produce a 
second estimate of abundance by not stratifying the data as recommended above. If the 2 estimates (stratified and 
unbiased vs. biased and unstratified) are dissimilar, the bias is meaningful, the stratified estimate should be used, 
and data on compositions should be analyzed as described above for Cases III or IV. However, if the 2 estimates 
of abundance are similar, the bias is negligible in the UNSTRATIFIED estimate, and analysis can proceed as if 
there were no size-selective sampling during the second event (Cases I or II). 
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Appendix A2.–Summary of beach seine sets made, number of sockeye salmon caught, and type of mark 
employed by date and location, Lost River, 2003. 

Date Start Time Caught Marked Marka Cumulative Marks Comments Locationa

7/12 11:30 2 2 RUOP 2 1
        

7/16 12:30 11 11 RUOP 13  1 
        

7/24 12:37 19 19 RAUX 32  3 
7/24 14:05 9 9 RAUX 41  2 

        
7/31 11:30 37 37 LAUX 78  4 
7/31 13:20 14 14 LAUX 92  3 

        
8/3 13:10 16 16 LUOP 108  2 

        
8/7 12:44 41 41 LUOP 149  4 
8/7 15:20 68 68 LUOP 217  5 
8/7 16:43 30 30 LUOP 247  5 

        
8/11 13:20 26 26 LUOP 273  4 
8/11 15:00 5 5 LUOP 278  2 
8/11 15:10 34 34 LUOP 312  2 

        
Sample Days 7, Sample Period 31 days  
aLocation designations: 1 – Tawah Creek/Lost River confluence (N 59° 28.051', W 139° 36.855') 

2 – Tawah Creek middle (N 59° 29.131', W 139° 41.299') 

3 – Tawah Creek upper (N 59° 29.272', W 139° 41.624') 

4 – Cannon Beach Bridge (N 59° 29.753', W 139° 43.336') 

5 – Summit Lake outlet (N 59° 30.261', W 139° 45.112') 
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Appendix A3.–Event 2 summary of number of sockeye salmon inspected and number of recaptures by date 
and location, Lost River, 2003. 

Number Recovered    Number Marked 

Date 
Ophir Creek 

Bridge 
Upper   
Ophir Total   

Ophir Creek 
Bridge 

Upper  
Ophir Total 

9/20 23  23     
9/21 85  85  1 – LUOP  1 
9/22        
9/23        
9/24        
9/25 62  62  4 – LUOP  4 
9/26        
9/27        
9/28        
9/29 19  19     
9/30        

10/1  163 163   
9 – LUOP 
1 – LAUX 10 

10/2  24 24   2 – LUOP 2 
10/3        

10/4  35 35   
2 – LUOP 
1 – RUOP 3 

10/5        
10/6  124 124   4 – LUOP 4 
10/7        
10/8        

10/9  20 20   
2 – LUOP 
1 – LAUX 3 

10/10  33 33   
2 – LUOP 
1 – LAUX 3 

10/11   40   
1 – RAUX 
1 – LUOP 2 

10/12        
10/13        
10/14        
10/15  2 2     
10/16  31 31   1 – LUOP 1 
10/17        
10/18        
10/19        
10/20        
10/21        

10/22  64 64   
1 – RAUX 
1 – LUOP 2 

10/23        
10/24        
10/25        
10/26        
10/27  19 19   3 – LUOP 3 
Total   744    38 
Sample Days 15       
Sample Period 38 days      
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Appendix A4.–Summary statistics and graphs for the K-S tests comparing marks (M) to recaptures (R) and 
marks (M) to captures (C) of sockeye salmon in the Lost River, 2003. 

 M/C R/C R/M   Minimum 320 
Test Statistic 'D' 0.084 0.143 0.190   Maximum 650 

P-value 0.079 0.424 0.135   Mark C 312 
      Capture C 744 
      Recapture C 38 
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Appendix A5.–Results of “consistency tests” for the Lost River sockeye salmon experiment, 2003. 

Condition 1: 
Ho: Probability of finding a marked fish during second event is independent of time of initial tagging. 
  Or equal probability of capture during second event. 

 July (other) August (LUOP)  
First Event Observed Expected Observed Expected Totals 
Released & Recaptured 6 11 32 27 38 
Released & Not Recaptured 86 81 188 193 274 
      
Totals 92  220  312 
      
 Cont. to X2 Cont. to X2  
Released & Recaptured 2.4179  1.0111   
Released & Not Recaptured 0.3353  0.1402   
      
      
 Statistic  3.905 P-Value 0.0482  

                                                      Reject Ho at α 0.05 

 

Condition 2: 
Ho: Probability that a second event fish was marked was independent of time during the second event when the 
fish was caught and inspected. 

 Sept Oct  
Second Event Observed Expected Observed Expected Totals 
Unmarked 184 179 522 527 706 
Marked 5 10 33 28 38 
Totals 189  555  744 
      
 Cont. to X2 Cont. to X2  
Unmarked 0.1207  0.0411   
Marked 2.2430  0.7638   
      
 Statistic  3.169 P-Value 0.075  

                                                     Fail to reject Ho at α 0.05 

 

Time Period Unmarked Marked   
September 20–29 184 5   
October 1–2 175 12   
October 4–9 169 10   
October 10–27 178 11   
  Chi^2 (Pearson's) 3.308243   
  df 3   
 P-value 0.346497   
 Error report No errors encountered 

                                                     Fail to reject Ho at α 0.05 
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Appendix A6.–Summary of beach seine sets made by location, number of sockeye salmon caught, and type of  mark employed by date and location, Lost 
River, 2004. 

Date Location Start Time # Marked Cumulative 
Secondary 

Marka High Tide(s) Comments 
8/4/2004 Summit Lake 12:15 35 35 LUOP 4:53pm, 9.8 ft.  
8/4/2004 Summit Lake 13:00 49 84 LUOP   
8/8/2004 Cannon Bch. Br. 13:20 21 105 RUOP 8:01am, 6.2 ft. &  
8/8/2004 below Broken Br. 15:55 8 113 RUOP 7:42 pm, 8.5 ft.  
8/8/2004 below Broken Br. 16:30 55 168 RUOP   
8/10/2004 Cannon Bch. Br. 13:30 21 189 RUOP 11:03am, 6.1 ft.   
8/16/2004 Cannon Bch. Br. 10:00 51 240 LAUX 2:48pm, 8.8 ft.  
8/16/2004 Tawah 16:00 35 275 LAUX   
8/25/2004 Cannon Bch. Br. 13:45 12 287 LAUX 10:25 am, 6.7 ft.   
8/25/2004 b/w Broken Br. &  15:34 14 301 LAUX   
 Lowell's Bridge       
8/25/2004 b/w Broken Br. &  16:20 4 305 LAUX   
 Lowell's Bridge       
8/26/2004 below Broken Br. 14:30 9 314 LAUX 11:36 am, 7.4 ft.  
8/28/2004 confluence 14:00 1 315 LAUX 1:11 pm, 8.9 ft. sockeye caught fishing for coho 
8/29/2004 confluence 11:20 2 317 LAUX 1:49 pm, 9.6 ft. sockeye caught fishing for coho 
9/7/2004 confluence 10:30 2 319 RUOP 9:03 am, 6.0 ft. sockeye caught fishing for coho 

9/7/2004 Summit Lake 14:00 125 444 
Double 
RUOP   

a Primary mark is removal of the adipose fin.  Secondary marks are indicated by removal of the left auxiliary process (LAUX), right auxiliary process (RAUX), 
or a hole punched in the left upper opercle (LUOP) or right upper opercle (RUOP). 
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Appendix A7.–Event 2 summary of number of sockeye salmon inspected and number of recaptures by date 
and location, Lost River, 2004. 

  Number Recovered     Number Marked 

Date Ophir Creek Daily Cumulative   Daily Cumulative 
9/22  14 14  2 2 
9/23  62 76  13 15 
9/24  17 93  3 18 
9/25       
9/26       
9/27       
9/28  24 117  1 19 
9/29       
9/30       
10/1  9 126  2 21 
10/2       
10/3       
10/4       
10/5       
10/6       
10/7  14 140  0 21 
10/8  12 152  2 23 
10/9       
10/10       
10/11       
10/12       
10/13  2 154  1 24 
10/14       
10/15  11 165  3 27 
10/16       
10/17       
10/18       
10/19       
10/20       
10/21       
10/22       
10/23       
10/24       
10/25  1 166  1 28 
10/26       
10/27       
10/28  7 173  0 28 
10/29       
10/31       
10/31       
11/1  37 210  12 40 
11/2  10 220  5 45 
11/3       
11/4       

-continued- 
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Appendix A7.–(Page 2 of 2). 

 Number Recovered Number Marked 

Date Ophir Creek Daily Cumulative   Daily Cumulative 
11/5       
11/6       
11/7       
11/8       
11/9       
11/10       
11/11       
11/12       
11/13       
11/14       
11/15       
11/16       
11/17  6 226  2 47 
Total   226   47 
Sample Days 14      
Sample Period 57      
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Appendix A8.–Summary of contingency tests for breakdown of size strata with regard to temporal affects in sampling Lost River, 2004. 

1st Event: all fish number marked by type          
            
 LUOP RUOP L Aux 2 RUOP Total       
8/4 or LUOP 84           
8/8-10 RUOP  105          
8/16/2029 or Laux   128         
9/7 Double RUOP    127        
     444       
2nd Event:            
   recaptures        
captured 226  L Aux 15        
   2 RUOP 20        
   LUOP 2        
   RUOP 10        
   All 47        
Breakdown 
Size Category:            
  Chi^2 P-value Significance Level rel & recap rel & not recap total unmarked marked total 
All Fish (281mm–640mm) 1st Event 9.8488 0.0198 sig  <0.05 47 397 444    
 2nd Event 9.5248 0.0085 sig <0.01    179 47 226 
 Mixing 6.5647 0.0375 sig                      <0.05  397   47 444 
281mm–485mm 1st Event 3.3724 0.3376 n.s. >0.1 5 79 84    
 2nd Event 1.6572 0.4366 n.s. >0.1    53 5 58 
 Mixing not valid too many small #'s   79   5 84 
486mm–550mm 1st Event 13.571 0.0035 sig <0.01 28 95 123    
 2nd Event 7.4473 0.0241 sig <0.05    68 28 96 
 Mixing 13.2354 0.0102 sig <0.05 95   28 123 
551mm–640mm 1st Event 2.0917 0.5535 n.s. >0.1 14 223 237    
 2nd Event 0.4302 0.8064 n.s. >0.1    58 14 72 
 Mixing not valid too many small #'s   223   14 237 
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Appendix A9.–Summary of strata estimates of abundance of sockeye salmon using Chapman’s modification of the Petersen estimator, Lost River, 2004. 

Strata >485mm  486–550mm  >550mm  Total 
M= 84  123  237   
C= 58  96  72   
R= 5  28  14   
=N̂  835  414  1157  2406 

=)N̂(râv  83325  3080  62421  148825 
=)N̂(S.E  289  55  250  386 

CV 0.3457697  0.134124  0.21589  0.16035 
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Appendix A10. –Age and sex composition of sockeye salmon escapement in Ophir Creek, Lost River, 2003. 

 Brood Year and Age Class  
  2000 1999 1999 1998 1998 1997  
  1.1 0.3 1.2 1.3 2.2 2.3 Total 
Statistical Weeks 38–44  (Sept. 14–November 1)   

 
Male 

Sample Size 7 5 57 68   137 
Percent 2.0 1.4 16.1 19.2   38.7 
Std. Error 0.7 0.6 1.9 2.1   2.6 
 
Female 

Sample Size  5 100 110 1 1 217 
Percent  1.4 28.2 31.1 0.3 0.3 61.3 
Std. Error  0.6 2.4 2.4 0.3 0.3 2.6 
 
All Fish 

Sample Size 7 10 157 178 1 1 354 
Percent 2.0 2.8 44.4 50.3 0.3 0.3 100.0 
Std. Error 0.7 0.9 2.6 2.6 0.3 0.3  
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Appendix A11. –Age and sex composition of sockeye salmon escapement in Ophir Creek, Lost River, 2004. 

 Brood Year and Age Class  
   2001 2000 1999 1999 1998  
   1.1 1.2 1.3 2.2 2.3 Total 
Statistical Weeks   (Sept. 23–November 17)   

 
Male 

Sample Sizesa  3, 0, 0 6, 7, 0 0, 5, 30 0, 3, 0 0, 0, 1 9,15,31 
Percent  4.5 10.9 33.4 0.8 1.1 50.6 
Std. Error  2.7 3.8 5.3 0.5 1.1 5.2 
 
Female 

Sample Sizea    13, 18, 0 1, 27, 12 0, 2, 0 0, 4, 2 14,51,14 
Percent   24.3 21.4 0.5 3.2 49.4 
Std. Error   5.4 4.2 0.4 1.6 5.2 
 
All Fish 

Sample Sizea   3, 0, 0 19, 25, 0 1, 32, 42 0, 5, 0 0, 4, 3 354 
Percent  4.5 35.2 54.7 1.3 4.2 100.0 
Std. Error  2.7 6.4 6.6 0.6 1.9  

a Sample sizes are presented for each size strata respectively: <486mm, 486–550mm, and >550mm. 
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