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Executive Summary

The Wet’suwet’en Fisheries conducted an extensive coho and steelhead tagging program at
Moricetown canyon in 1999. The Department of Fisheries and Oceans will summarize coho data
in a separate report. The analysis of steelhead data is summarized in this report in conjunction
with a report produced by the Wet’suwet’en Fisheries.

The main objective of the steelhead tagging program was to develop in-season population
estimates of adult steelhead moving through Moricetown canyon. This report summarizes mark—
recapture data, presents adjusted Petersen estimates for steelhead moving through Moricetown
canyon, explores potential biases in the methods used between August 8 and October 30, 1999,
and provides some recommendations for future years.

In total, 164 steelhead were tagged downstream of Moricetown canyon. Eight of the 164
steelhead tagged downstream of the canyon were recaptured in a sample of 1555 steelhead
examined for tags at the canyon. Fork length and sex was recorded for marked, recaptured and
censused steelhead. The effects of potential temporal, fork length and sex biases between
marked, recaptured and censused steelhead were assessed. Data gaps or data problems resulted
in some uncertainty over the number of steelhead recaptured. Consequently, several adjusted
Petersen estimates with 95% confidence intervals were determined for mark-recapture data
provided by Wet’suwet’en Fisheries. Adjusted Petersen estimates ranged between 15,102 and
37,913 steelhead, with 95% confidence intervals ranging between 9,874 and 77,550. The large
range in adjusted Petersen estimates, and the large widths of confidence intervals indicates that
the estimates are relatively imprecise due to sample size and data uncertainties. Based on data
evaluation and discussions with Wet’suwet’en Fisheries, we feel that 28,527 steelhead
(confidence interval = 16,249 to 58,350) is the most conservative and representative estimate
from the data.
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1.0 Introduction

Wet’suwet’en Fisheries conducted an extensive tagging program on the Bulkley River at
Moricetown Canyon (about 30 km north of Smithers, B.C.) in order to develop in-season
population estimates of steelhead (Oncorhynchus mykiss) moving through Moricetown Canyon.
The program was jointly funded by Fisheries Renewal B.C. and the Department of Fisheries and
Oceans. SKR Consultants Ltd. was retained by the Wet’suwet’en Fisheries to estimate the
number of steelhead migrating through Moricetown Canyon, and to provide recommendations
for future efforts toward attaining in-season population estimates of steelhead that are migrating
through Moricetown Canyon.

The main objectives of this data review were:

e to provide a population estimate for steelhead that moved up the Bulkley River past
Moricetown Canyon;

e to identify and assess potential biases of the sampling methods used in 1999; and
to provide recommendations for future years of the study.

SKR Consultants Ltd. 1



2.0 Materials and Methods

2.1 Data Collection

Steelhead were captured by beach seining just downstream of the Moricetown Canyon, and by
dipnet in Moricetown Canyon. Steelhead were tagged using a combination of spaghetti tags and
hole punches of the caudal fin. Methodologies employed for tagging and data collection
between August 8 and October 30, 1999 are described in detail in the Wet’suwet’en Fisheries
Report (2000).

2.2 Data Analysis

Wet’suwet’en Fisheries conducted some data analysis for catch per unit effort and daily run time
for their final report (Wet’suwet’en Fisheries 2000). We therefore limited this analysis to
population size estimates with consideration of some potential biases associated with these
estimates.

Population size was determined using an adjusted Petersen estimate (Ricker 1975). This method
is relatively unbiased (Ricker 1975, Bagenal 1978). The equation used to determine the adjusted
Petersen estimate is given below (equation 1):

Equation 1: N* =(M+1) (C+1) / (R+1)

where: N* = adjusted Petersen estimate
M = number of marked fish
C = catch or sample taken for census
R = number of recaptured marks in the sample.

Since steelhead move through Moricetown Canyon on their migration upstream, only fish
marked downstream of the canyon (by beach seining) were included in the number of marked
fish (M) for the study. The catch taken for census (C) included all fish captured at Moricetown
Canyon, and the number of recaptured marks (R) included only fish marked by beach seining
and recaptured at the canyon. For estimation of population size, fish recaptured by beach
seining, and recaptured fish initially marked at Moricetown Canyon were not considered.

The validity of the mark-recapture population estimate relies on several assumptions, which must
be met. Mark-recapture estimates require that:

the population is closed (no emigration, immigration, births or deaths)
marked fish are in every way the same as unmarked fish
marked fish do not loose their marks

either the marking or the re-capture sample is random, or that marked and unmarked fish
mix randomly (Ricker 1975, Bagenal 1978)

SKR Consultants Ltd. 2



Confidence intervals around the estimate were determined by assuming a Poisson distribution of
recaptures (R) and by determining the approximate confidence interval of R from statistical
tables (Ricker 1975).

Mark-recapture experiments can be influenced significantly by biases in capture techniques. The
potential presence of temporal biases was examined graphically by comparing the temporal
distribution of mark application (M) to the temporal distribution of the census sample (C). In
addition, the distribution of recaptured steelhead among the marked and censused sample was
compared. To evaluate if inherent sex of size biases were present in the capture techniques used
during this study, fork lengths and sex ratios were compared between un-recovered tagged
steelhead (M-R), the un-marked steelhead in the sample taken for census (C-R) and the
recaptured steelhead (R). Mann-Whitney U tests or T-tests were used to compare fork length
distributions between the three samples, and Cochran’s corrected . was used to compare sex
ratios between the samples (Zar 1984).

SKR Consultants Ltd. 3



3.0 Results and Discussion
3.1 Steelhead Population Estimates: Adjusted Petersen Estimate

Wet’suwet’en Fisheries tagged a total 1695 steelhead in 1999. The majority of these steelhead
(1531) were captured and tagged at Moricetown Canyon. The 164 steelhead that were tagged
just downstream of Moricetown Canyon and were considered to be the number of marked fish
(M) for the calculation of the adjusted Petersen estimate. Of the 164 steelhead tagged by beach
seining, eight were recaptured in the canyon (Table 1).

Table 1. Applied and recaptured steelhead tags for the 1999 steelhead tagging program
conducted in Moricetown Canyon (adapted from Wet’suwet’en Fisheries 1999).

Beach Seine Tags Dipnet Tags

(d/s of the canyon) (in canyon)
Applied 164’ 1531
Recaptured by Dipnet (in canyon) 8* 24

1 The number of tags applied by beach seine equals M in equation 1
2 The number of beach seine tagged steelhead recaptured by dipnetting equals R in equation 1

In addition, 13 other steelhead with tag numbers in the range of tags used during this study were
captured, but time and location of the application of these tags had not been recorded (Table 2
“Possible errors in recording™). Of these 13 tags, eight were recaptured in Moricetown Canyon
and five were captured downstream of the canyon. The eight recaptures with unknown origin
that were caught by dipnet at the canyon are relevant errors to this population estimate, and must
be considered in evaluating the accuracy of the estimate.

Table 2. Steelhead recaptures with no record of tag application in the 1999 steelhead
tagging program conducted in Moricetown Canyon (adapted from
Wet’suwet’en Fisheries 1999).

Location of Recapture
Beach Seine Dipnet (in canyon)
Possible errors in recording 5 8
1998 Tags 0 3
1997 Tags 0 4
Unknown 0 1
Total 5 16

The adjusted Petersen estimate generated by using the number of tagged fish by beach seining
(164), the recaptures with known location of applied tags (8), and the total number of fish
captured at the canyon (1555) (Tables 1 and 2) is 28,527 steelhead with a 95% confidence
interval of 16,250 to 58,350. The total number of fish captured at the canyon includes 1531
steelhead tagged at the canyon, eight steelhead marked during beach seining and recaptured at
the canyon (Table 1), and 16 recaptured steelhead with unknown tag origin (Table 2). This
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estimate is the most conservative estimate that can be generated with the data provided, since it
ignores the eight questionable recaptures. If we assume that all of these eight fish were actually
marked during beach seining, the adjusted Petersen estimate would be 15,102.4 steelhead (95%
confidence interval = 9,874.6 — 25170.6). Even small changes in the number of recaptured fish
can drastically change the adjusted Petersen estimate. By changing the number of recaptures
from eight to 16 by increments of one recapture, the adjusted Petersen estimate and the
confidence interval decreases notably (Figure 1, Table 3). This illustrates the importance of data
fidelity, especially when the total number of recaptured fish is relatively low. Discussions with
Wet’suwet’en Fisheries indicate that the eight tagged steelhead captured by dipnetting for which
no tagging record could be found are likely errors in recording applied and/or recaptured tag
numbers at the canyon. In any case, the presence of eight recaptured fish of unknown origin
indicates some problems with data accuracy. Combined with the small number of recaptures,
issues in data accuracy result in greater uncertainty around the steelhead population estimate.

Alternatively, the unknown origin of the eight steelhead recaptured by dipnetting may indicate
that considerably more tagged fish were not recorded during beach seining. The known mark to
recapture ratio is 20.5:1 marked fish by beach seining : recaptured fish. By changing the number
of recaptures from eight to 16 by increments of one recapture and extrapolating a corresponding
increase in fish marked during beach seining from 164 to 328, the adjusted Petersen estimate
increases marginally, but the width of the confidence interval decreases considerably (Figure 2,
Table 4).

By the same logic, the eight recaptured steelhead of unknown origin may indicate that
considerably more steelhead were examined for tags at the canyon. In this case, the known mark
to recapture ratio is 64 : 1 marked fish by dipnetting : recaptured fish. By changing the number
of fish examined for marks (C) by increments of 64 from 1,555 to 2,067, the adjusted Petersen
estimate increases considerably, along with a notable increase in the width of the confidence
interval (Figure 3, Table 5).

Table 3. Changes in the adjusted Petersen Estimate (N) and 95 % confidence interval
with incremental change in the number of recaptures from 8 to 16 (also see

Figure 1).

Marked | Censused | Recaptured | Population Size 95% Confidence Interval

M) (©) (R) (N) (% difference) lower % | upper %

164 1555 8 28526.7 (0.0%) | 16249.4 | 43.0 | 58350.0 104.5
164 1555 9 25674.0 (10.0%) | 15014.0 | 41.5| 51348.0 100.0
164 1555 10 23340.0 (18.2%) | 13953.3 | 40.2 | 45042.1 93.0
164 1555 11 21395.0 (2.05%) | 13032.5| 39.1 | 40115.6 87.5
164 1555 12 19749.2 (30.8%) | 12225.7 | 38.1 | 35658.3 80.6
164 1355 13 18338.6 (35.7%) | 11513.0 | 37.2 | 32498.7 77.2
164 1555 14 17116.0 (40.0%) | 10925.1 | 36.2 | 29510.3 72.4
164 1555 15 16046.3 (43.7%) | 103524 | 35.5| 27312.8 70.2
164 1555 16 15102.4 (47.1%) | 9874.6 | 34.6 | 25170.6 66.7
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Figure 1. Changes in the adjusted Petersen estimate and confidence interval by
incremental changes in the number of recaptures from eight to 16 (see Table
3 for details).

Table 4. Changes in the adjusted Petersen Estimate (N) and 95 % confidence interval
with incremental change in the number of recaptures from 8 to 16, and
corresponding changes in the number of marked fish from 164 to 328 (also see
Figure 2).

Marked | Censused | Recaptured | Population Size 95% Confidence Interval

M) (©) (R) (N) (% difference) lower % | upper %

164.0 | 1555 8 28526.7 (0.0%) | 16249.4 | 43.0 | 58350.0 104.5
184.5 | 1555 9 28863.8 (1.2%) | 16879.4 | 41.5| 57727.6 100.0
205.0 | 1555 10 29139.6 (2.5%) | 17420.4 | 40.2 | 56234.4 93.0
225.5 | 1555 11 29369.5 (3.0%) | 17890.1 | 39.1 | 55067.8 87.5
246.0 | 1555 12 29564.0 (3.6%) | 18301.5 | 38.1 | 53379.4 80.6
266.5 | 1555 13 29730.7 (4.2%) | 18665.0 | 37.2 | 52687.3 77.2
287.0 | 1555 14 29875.2 (4.7%) | 19069.3 | 36.2 | 51509.0 72.4
307.5 | 1555 15 30001.6 (5.2%) | 19355.9| 35.5| 51066.6 70.2
328.0 | 1555 16 30113.2 (5.6%) | 19689.4 | 34.6 | 50188.6 66.7
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Figure 2. Changes in the adjusted Petersen estimate and confidence interval by
incremental changes in the number of recaptures from eight to 16, and
corresponding changes in the number of marked fish from 164 to 328 (see
Table 4).

Table 5. Changes in the adjusted Petersen Estimate (N) and 95 % confidence interval

with incremental change in the number of steelhead examined for marks from
1555 to 2067 (also see Figure 3).
Marked | Censused | Recaptured | Population Size 95% Confidence Interval
(M) (© (R) (N) (% difference) lower % | upper %
164.0 1555 8 28526.7 (0.0%) | 16249.4 | 43.0 | 58350.0 104.5
164.0 1619 8 29700.0 (4.1%) | 16917.7 | 43.0 | 60750.0 104.5
164.0 1683 8 30873.3 (8.2%) | 17586.1 | 43.0 | 63150.0 104.5
164.0 1747 8 32046.7 (12.3%) | 18254.4 | 43.0 | 65550.0 104.5
164.0 1811 8 33220.0 (16.5%) | 18922.8 | 43.0 | 67950.0 104.5
164.0 1875 8 34393.3 (20.6%) | 19591.1 | 43.0 | 70350.0 104.5
164.0 1939 8 35566.7 (24.7%) | 20259.5 | 43.0 | 72750.0 104.5
164.0 2003 8 36740.0 (28.8%) | 20927.8 | 43.0 | 75150.0 104.5
164.0 2067 8 37913.3 (32.9%) | 21596.2 | 43.0 | 77550.0 104.5
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Figure 3. Changes in the adjusted Petersen estimate and confidence interval by
incremental changes of 64 steelhead in the number of steelhead examined for
marks from 1555 to 2067. The number of marked fish (164) and recaptured
fish (8) remains constant (also.see Table 5).

The adjustments of marked, recaptured and censused fish (Figures 1 — 3, Tables 3-6)
demonstrate the importance in recording the number of marked fish, the number of recaptured
fish, and the number of fish examined for marks accurately. Nevertheless, we feel that the
adjusted Petersen estimate using only known marked, recaptured, and censused steelhead is the
most representative and conservative estimate.

3.2 Sampling Bias: Temporal Bias in Sampling and Tag Recovery

Temporal biases in sampling and tag recovery can affect the validity of the population estimate,
since temporal bias may affect the likelihood of recapture. To evaluate if temporal biases may
be present during this study, the number of steelhead marked and examined for marks was
plotted against time (Figure 4). Figure 4 illustrates that the peak of capture of un-marked
steelhead by dipnetting precedes the peak of tagging by beach seining, which can partly be
attributed to higher fishing effort at Moricetown Canyon prior to Labour Day (Wet’suwet’en
2000). This implies that many of the steelhead captured by dipnetting were captured prior to the
majority of tag application, therefore reducing the likelihood of tag recovery, and causing an
inflated population estimate.

The time of marking (Figure 4A) and recovery (Figure 4B) of the eight recaptured steelhead was
also compared graphically to document if there are temporal variations in the rate of tag
recovery. The timing of tag application for the recaptured fish is dispersed from September 16,
1999 to October 21, 1999 (Figure 4A). However, most of the recaptures were concentrated on
October 22, 1999 (six of eight recaptures; Figure 4B). Since the rate of recapture of marked fish
appears to be different from the rate at which marks were applied, a second temporal bias is
likely present. The difference in the temporal distribution of mark application versus recapture
for these eight steelhead may be due to affects of handling and/or tagging which may influence

SKR Consultants Ltd. 8



migration rates more severely for steelhead tagged earlier in the season. It may be speculated
that changes in environmental conditions (e.g. water levels, water temperatures) become more
stringent as the season progresses, and plays an increasingly important role in migration
behaviour, overriding the affects of tagging and handling later in the season. However, it is
difficult to speculate on the nature and extent of this temporal bias due to the low sample size of
recaptures (N=8). Delays in migration of tagged steelhead should not affect the validity of the
population estimate provided the census sample is taken during time intervals that accommodates
these delays in movement (i.e. sampling is extended into November, if possible). The analysis of
temporal biases in this study indicates that temporal biases are present and must be considered in
future studies of this nature.
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Figure 4. Temporal distribution of tag application during beach seining (A), and of
examination for tags during dipnetting (B) during the 1999 steelhead population
estimate study.
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3.3 Sampling Bias: Fork Length and Sex Ratios

Mark-recapture estimates assume random samples of marked or unmarked fish, or that marked
fish mix randomly with unmarked fish (Bagenal 1978). If samples are not obtained randomly, or
if fish do not mix randomly, the validity of the population estimate is compromised. Fork length
and sex ratio comparisons can indicate selectivity in capture methods, which influence the
validity of population estimates (Ricker 1975, Bagenal 1978). Fork length distribution and sex
ratios between un-recovered marked steelhead (M-R), the un-marked steelhead examined for
census (C-R) and the recaptured steelhead (R) were compared to evaluate if capture methods
were biased.

Bias in capture methods can lead to an underestimate or overestimate of the actual population
size. For example, if males are more likely to be captured in seining, a disproportionate amount
of males will be marked. If dipnetting is more likely to capture females, and fewer males, a
lower number of recaptures will be observed than would be expected, leading to an inflated
population estimate.  Size bias may result in the exclusion of a significant portion of the
population from the sample obtained. The population estimate would then only be valid for the
size range targeted by the sampling methods, but would underestimate the true population size.

Although it is often difficult to alleviate biases in capture methods, it is important to determine if
these biases are present, and if they are severe. By comparing fork length data and sex ratios
between samples of marked steelhead, recaptured steelhead, and steelhead examined for marks,
biases in sampling methods may become apparent.

3.3.1 Comparisons of Fork Lengths Among Marked. Censused and Recaptured Steelhead

Fork lengths data collected for un-recovered steelhead marked by beach seining (M-R),
unmarked fish captured by dipnetting at Moricetown Canyon (C-R), and recaptured steelhead
(R) are summarized in Table 6 and Figure 5. In comparisons of fork length data, it is important
to consider that the accuracy of some of the measurements are questionable. This is particularly
apparent when comparing fork length measurements of recaptured fish to fork length recorded
for these fish when they were originally tagged. Repeated fork length measurements of the
individual steelhead differed by a mean of 5.0 cm (SD = 5.936), with a range of 0 cm to 24 cm.
Since fork lengths data for some individual fish differed considerably, all fork length data for
steelhead captured by dipnetting at Moricetown Canyon which were not initially marked during
beach seining were included in the analysis of fork length data. The sample of un-marked
steelhead captured by dipnetting at Moricetown canyon (C-R) therefore includes some steelhead
captured on more than one occasion. Fork length distribution of unmarked steelhead captured by
dipnetting, and un-recovered steelhead marked during beach seining appears to be bi-modal, with
a relatively good match of the peaks in fork length frequency distribution between the two
samples. Comparisons of these two samples to the eight recaptured steelhead is difficult due to
the small sample size of recaptured steelhead (N=8). The fork length distribution of un-
recovered steelhead marked by beach seining is similar to the fork length distribution of un-
marked steelhead captured by dipnetting (Kolmogornov-Smirnov goodness of fit max. D; =
0.076, P = 0.389). Similarly, fork length distribution of recaptured steelhead is similar to fork
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Figure 5. Fork length frequency distribution of recaptured steelhead (top), un-recovered
steelhead marked by beach seining (center), and un-marked steelhead captured
by dipnetting at Moricetown Canyon (bottom).
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length distribution of un-marked steelhead captured by dipnetting (max. D; = 0.456, P = 0.075).
However, fork length distribution of recaptured steelhead differs significantly from fork length
distribution of un-recovered steelhead tagged during beach seining (max. D; = 0.490, P = 0.045).
Fork length of the recaptured steelhead appears to be more variable than fork length distribution
of un-recovered steelhead, or un-marked steelhead captured by dipnetting (Figures 5 and 6,
Table 6). The greater variability is likely in part due to the small sample size (N=8), inaccuracies
in fork length measurements, and potential bias in steelhead samples obtained.

Box plots for steelhead fork length data indicate that some deviations from normality may be
present among the samples (Figure 6). Although fork length distribution for recaptured steelhead
and un-recovered steelhead captured by beach seine do not differ significantly from a normal
distribution (Kolmogornov-Smirnov goodness of fit max. D; = 0.149, P = 0.982 and max. D; =
0.088, P = 0.1.82 respectively), the fork lengths distribution for un-marked steelhead captured by
dipnetting deviates significantly from the normal distribution (max. D; = 0.067 , P = 0.000).
Therefore, the Mann-Whitney U test was used to compare fork lengths data for un-recovered
steelhead captured by dipnetting to fork lengths data for recaptured steelhead and un-marked
steelhead captured by beach seining. Fork lengths of un-marked steelhead captured by
dipnetting and un-recovered steelhead marked during beach seining do not differ significantly
(Uo.os@yss3ise = 118251.5, P = 0.820). However, fork lengths of un-marked steelhead captured
by dipnetting also differ significantly from fork lengths of recaptured steelhead (U os(2)i5538=
3048.50, P =0.013). Similarly, fork lengths of recaptured steelhead differ significantly from un-
recovered steelhead captured by beach seining (to.05 2)160 = 2.417, P = 0.017). The difference
between mean fork lengths of recaptured steelhead and un-recovered steelhead captured by
beach seining is not surprising since the previous comparisons of these two fork length
distributions using the Kolmogornov-Smirnov goodness of fit test also indicated a significant
difference. The strength of comparisons of fork length data of recaptured steelhead to those
captured by beach seining or dipnetting is somewhat reduced by the small sample size of
recaptured steelhead. However, the significant difference in fork length data of recaptured
steelhead to those captured by beach seining indicates that there is some size bias in the sampling
methodology, and/or size dependent differences in vulnerabilities of marked versus un-marked
fish to capture. Although the difference in fork length data between recaptured and marked fish
(beach seine sample) is significant, this bias needs to be re-evaluated when a larger sample size
of recaptures and more accurate fork length data are obtained.

Table 6. Summary of fork length data for un-recovered steelhead marked during beach
seining (M-R), un-marked steelhead captured by dipnetting (C-R), and
recaptures (R). Only steelhead for which fork length was recorded are included
in this summary.

Sample N Min. Max. Mean SD SE

beach seine (M-R) 154 36.0 98.5 69.23 10.433 0.841

dipnetting (C-R)' 1553 40.0 100.0 68.90 10.025 0.254

recaptures (R) 8 62.0 92.0 78.38 10.378 3.669

" this sample includes multiple captures of some steelhead that were not tagged during beach

seining since repeated fork length measurements for some steelhead differed substantially.
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Figure 6. Box plot illustrating fork length distribution for steelhead in the census sample
(captured; N = 1553), steelhead captured by beach seining (marked; N = 169),
and steelhead recaptured (Recaptured; N = 8).

3.3.2 Comparisons of Sex Ratios Among Marked, Censused and Recaptured Steelhead

Females predominated the catch of steelhead obtained by beach seining and dipnetting (Table 7).
Similarly, recaptured females were more numerous than recaptured males. In fact, the sex ratio
obtained during this study is more skewed towards females than sex ratios reported for other
Skeena River populations (Atagi pers. comm.). The pronounced predominance of females over
males may be due to difficulties in distinguishing between the sexes when sexual dimorphism is
not pronounced, as is the case for steelhead captured during this study. Males can easily be
mistaken for females prior to the development of secondary sexual characteristics. However, the
proportion of females identified during dipnetting is lower than the proportion of females
identified during beach seining (Table 7), despite the fact that the peak capture by dipnetting
preceded the peak capture by beach seining (Figure 4). Differences in sex ratios between un-
recovered steelhead captured in the beach seine, and those recaptured are not statistically
significant (x%=0.9066, P>0.25). Similarly, sex ratios between recaptured steelhead and
unmarked steelhead captured during dip netting do not differ significantly (x%.=0.161, P>0.75).
However, sex ratios of unrecovered steelhead (M-R), and un-marked steelhead captured by
dipnetting (C-R) differ significantly (x*=5.838, P<0.05). However, it is important to note that
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sex identification of fish caught in the canyon is likely less accurate than those caught by beach
seining since beach seining crews were more experienced and consistent (Wet’suwet’en pers.
comm.). Sixteen of 61 (26%) steelhead captured by dipnetting on more than one occasion were
identified as one sex on initial capture, and identified as the other sex on recapture, indicating
that sex ratios may not be accurate. In addition two steelhead were sexed during initial capture,
but were not sexed upon recapture. Thus, differences between sex ratios of dipnetted, recaptured
and beach seined steelhead may be due to sampling error rather than sampling bias.

Table 7. Sex ratios for steelhead captured by beach seining, dipnetting, and recaptures
(marked by beach seining and recaptured by dipnetting). Only steelhead for
which sex was recorded are included in this summary.

Beach Seine Fishery Dipnet Fishery
Recovered Not Recovered Total Marked Un-marked Total
(R) (M-R) (R) (C-R)

Females 5 (62.5%) 127 (82.5%) 132 (81.5%) 5 (62.5%) 1141 (73.5%) 1146 (73.4%)

Males 3 (37.5%) 27 (17.5%) 30 (18.5%) | 3(37.5%) | 412 (26.5%) 415 (26.6%)

Total 8 154 162 8 1553 1561

X_zc 0.907, P > 0.25 0.161, P > 0.75

SKR Consultants Ltd.
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4.0 Recommendations

The value of estimating steelhead population size in-season as a management tool can not be
understated. Information gathered in this study will be invaluable during the treaty process.
Exploring methodologies to conduct in-season population estimates in an accurate and reliable
manner will be beneficial in managing the resource. These long-term goals must be considered
during the initial years of the study, since the success of the project will likely increase as the
study is refined. Although results from data analysis for this report are of a relatively cursory
nature, some recommendations or ideas are apparent to us. In formulating these
recommendations, we have taken into account the nature of the data provided by Wet’suwet’en
Fisheries, as well as future changes to the methodology as communicated by Wet’suwet’en
Fisheries during informal meetings and telephone conversation. We also incorporated many of
the valuable suggestions provided by D. Atagi (pers. comm.) in the recommendations provided
below. The recommendations given in this section are not exhaustive, and some may not be
practical, but we hope they will give food for thought, and aid in improving the reliability of
steelhead population estimates.

OBJECTIVES

1. Clearly state what the objectives are. An objective such as “...to develop estimates of
steelhead moving through Moricetown Canyon in-season, as well as to tag steelhead for other
studies...”(Wet’suwet’en Fisheries 2000) is a good start. However, it would be beneficial to
define objectives more precisely as the study develops. In particular, the desired level of
accuracy of the population estimate should be established as an objective. In addition,
objectives can help others recognize that the methods of estimating the number of steelhead
moving through Moricetown Canyon are being developed and refined. This is an important
objective, particularly in the early stages of the project.

METHODS

1. Outline in detail all aspects of the study and proposed methodology. By clarifying the
approach taken to meet the objectives, a detailed and comprehensive project plan can be
implemented. Other groups or agencies may be consulted for input into the project plan.
These may include, but may not be limited to, B.C. Environment, Department of Fisheries
and Oceans, Upper Bulkley River Round Table, other tribal councils, staff and consultants
involved in the project.

2. Clearly describe the underlying assumptions of the study design. Once the assumptions have
been identified, it is important to consider how to test if assumptions are being violated, how
severe the violations are, and if these violations will significantly affect the validity of the
population estimate. Project objectives may need to be refined to incorporate limitations
identified by not meeting some assumptions if the methods used are not robust. Some of the
potential problems which require evaluation are:
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e the proportion of steelhead dropping back (is it the same for marked and unmarked
steelhead? how do we account for steelhead dropping back? how do we determine the
extent of this problem?)

e the proportion of steelhead that lose their tags (although the methods employed in 1999
should allow for some evaluation of this, the data were not readily available). In
addition, it is critical to have a secondary mark that clearly distinguishes steelhead
marked by beach seining from steelhead marked at the canyon.

e the number of additional steelhead that are captured for other purposes (e.g. harvest for
food, social and ceremonial) which could be examined for marks. How many of the
harvested steelhead are tagged? It is important to adjust the number of marked steelhead
in the population by the number of marked steelhead removed to avoid further biases in
the estimated population size.

3. Consider developing a Catch Per Unit Effort (CPUE) index as a secondary component to the

study. A CPUE index can be used as an in-season indicator of population size without
conducting mark-recapture studies. Similar indices are used elsewhere (e.g. Tyhee Test
Fishery).

STUDY DESIGN FOR POPULATION ESTIMATES

1.

As previously stated for “Objectives”, the desired level of accuracy for the adjusted Petersen
mark recapture estimate needs to be defined. Once the desired level of accuracy has been
defined, the number of steelhead that need to be tagged (M) and the number that need to be
examined for tags (C) can be determined. A common standard is 25% accuracy. Based on
this year’s information, we can speculate on the number of tagged steelhead required (tagged
downstream of the canyon), and the number of steelhead that need to be examined for tags if
we assume this years estimates are indicative of next years true population size. The adjusted
Petersen estimate given 8 recaptures and 164 marked fish is about 28,527 steelhead. If we
assume that about 30,000 steelhead move through Moricetown Canyon next year, a minimum
of 1000 steelhead would need to be tagged, and 2,000 steelhead would need to be examined
for marks to obtain an adjusted Petersen estimate (error = 25% of the true population
estimate, provided no biases or data uncertainties are present) (Ricker 1975) (Table 8).
Assuming a population size of about 10,000 steelhead would require that 600 steelhead be
tagged, and 1000 steelhead be examined for marks to achieve the same accuracy in the
adjusted Petersen estimate. Assuming a population size of 50,000 steelhead would require a
minimum of about 1500 marked steelhead, and 2500 steelhead examined for marks (Ricker
1975). Targets may need to be revised as the season progresses, and as in-season estimates
are determined. In addition, targets may need to be revised to make them realistic to the
study. However, consequences of revising the target (e.g. reducing sample size) need to be
considered.
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Table 8. Minimum number of marked fish and corresponding number of fish examined

for marks to obtain an adjusted Petersen estimate with an error of 25% of the
true population estimate (Ricker 1975).

True Population Minimum Number Corresponding Minimum Number
Size (N) Marked (M) Examined for Marks (C)
10,000 600 1,000
30,000 1,000 2,000
50,000 1,500 2,000

2. To meet the set targets, tag application may need to be increased. The number of steelhead

examined for marks actually comes close to the required number of steelhead that would

need to be examined if the populations estimate is between 10,000 and 25,000, and 1,000

steelhead had been marked. However, the number of marked steelhead precludes an accurate

estimate of the population size in the current study. To increase the number of marked
steelhead, one or more of the following may be considered:

e increase sampling intensity for tag application in beach seining. Have two crews working
to take advantage of long day light hours in the summer (12-14 hours of day light).
Sample seven days a week, rather than 5 days (this also alleviates a problem with
systematic rather than random or uniform sampling).

e change beach seining location to a site that may be more suitable for steelhead. The
beach seining activity served the dual purpose of tagging coho and steelhead, which have
different microhabitat and migration preferences. Choosing a second beach seining
location that may be more representative of preferred steelhead holding habitat may result
in an increased catch per unit effort.

e consider other sampling techniques that could be employed downstream of the canyon.
For example, fishwheels are being considered by the Wet’suwet’en. Fishwheels have
worked well in some systems (e.g. Nass River), but not in others (e.g. Kitselas canyon)
(Atagi pers. comm.). Fishwheels appear to be less effective in clear water than in turbid
systems (Atagi pers. comm.). Small in stream adjustments can greatly influence the
efficiency of the fishwheel, and these adjustments are made on a daily basis (e.g. in the
Nass system). Permanently mounting fishwheels in Hagwilget canyon may reduce
movability, and may prevent small adjustments from being made.  Persons with
expertise in the design and implementation of fishwheels should be consulted to
determine if fishwheels are likely to be suitable for the study, and how the fishwheel
should be designed and operated. LGL has extensive experience in this regard, and it
may be prudent to retain LGL to establish a stock assessment protocol for Moricetown
Canyon, and to aid in the design and implementation of fishwheels. It may be possible to
contract LGL to train and coordinate Wet’suwet’en staff and local fisheries biologists for
this study.

. Capture methods can be species, size, age, or sex selective (Bagenal 1978), and therefore
result in the capture of a non-random sample of the population. In this year’s study, fork
length distribution differed significantly between the steelhead captured by beach seining and
recaptured steelhead (section 3.2.1). In addition, sex ratios of steelhead captured by
dipnetting and steelhead captured by beach seining was found to differ significantly (section
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3.2.2). This indicates that non-random sections of the population may be more vulnerable to
the two sampling methods. However, data analysis also revealed inaccuracies in fork lengths
and sex ratio data that need to be addressed. Other sampling techniques may result in a more
random sample of the population captured (e.g. fishwheels or angling). Although it is
difficult to adjust sampling methods to decrease sampling bias, it is important to consider
how severe these biases are, and how these biases will affect the estimated population size.

Evaluate the impacts of handling on steelhead survival by holding sub-samples of tagged fish
for 24 hours before release.

Monitor the proportion of marked fish in the census sampled taken at Moricetown canyon
over time to evaluate if marked fish are randomly distributed among unmarked fish. Marked
fish are assumed to be distributed randomly among un-marked fish for mark-recapture
population estimates. Since the population is open, it is likely that marking at uniform
intensity during the study will increase the probability that the assumption of randomness
will not be violated. This can be achieved by marking at equal intensity if capture efficiency
is relatively uniform over time. To establish if capture efficiency is uniform over time, a
known number of marked fish (either from the canyon and/or fish wheel) can be released
downstream of the beach seine location at several time intervals. The recapture rate can then
be used to estimate capture efficiency, and sampling intensity can be adjusted accordingly.

DATA COLLECTION AND MANAGEMENT

1.

A large number of steelhead, and an even larger number of coho were processed by
Wet’suwet’en Fisheries in the summer and fall of 1999. Considering this vast amount of
data, problems with data fidelity are not surprising. There are many potential places for
errors, however, some of these problems could be avoided using some relatively simple
measures:

e Utilize easy to use and clear datasheets designed for this project.

e Stress the fact that the study is only as good as the data collected and recorded; it’s the
technicians that make or break the study. A training session at the beginning of the
project, stressing the importance of accurate data would be beneficial.

e Data should be entered and analysed during the season. After all, this is the goal of in-
season stock estimates. This will also identify problem data early on.

e One person should be in charge of cataloging and distributing all spaghetti tags at the
start of the day, and collecting un-used tags at the end of each day. Each tag should be
accounted for (applied, lost, not used). This will validate the number of applied tags, and
will allow cross referencing with recaptured tags for which no tagging record can be
found.

e The most significant problem was the eight recaptured steelhead in the canyon for which
no tagging record was found. These steelhead were either tagged by beach seining or
tagged in the canyon. When processing a large number of fish, it is possible that some
tag numbers are not recorded. However, recaptured fish are the most valuable fish in the
study, and they should be treated with extra diligence. To prevent this problem from
affecting the study in the future, two different colours of spaghetti tags should be used.
One colour should only be applied by beach seining, and the other only in the canyon. A
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third colour may be used if additional marking is conducted at a different location (e.g.
by fish wheel at Hagwilget). Even though there may still be errors in individual tag
numbers, the origin of the marked fish will be known, and the recaptures can still be used
in the population estimate.

e Encourage frequent communications between field crews and data entry personal to
ensure that data are transcribed and entered properly. Field crews should be encouraged
to check the accuracy of the entered data.

e Standardize methods for accurately measuring fork length of steelhead for samples
obtained by beach seining and dipnetting. Measuring boards and/or tape measures should
be used, and all measurements should be recorded in the same units to the same level of
accuracy.

DATA ANALYSIS

Data analysis in this study and the report produced by Wet’suwet’en Fisheries could be further
expanded. Compilation of data in one report rather than two would be beneficial to the writer
and the reader since data analysis is more comprehensive. Some catch per unit effort analysis
was conducted by Wet’suwet’en Fisheries, but this could be expanded further. No analysis was
conducted on the proportion of marked fish migrating downstream from the canyon. In addition,
no analysis was conducted on the percentage of tag loss, since data was not readily available.
Tag loss affects the number of marked fish in the population, and will therefore affect estimated
population size. Migration rates, tagging affects and handling affects could also be analysed by
the data set provided by Wet’suwet’en Fisheries.
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