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1 INTRODUCTION

Over the past few years the fall chum salmon (Oncorhynchus keta) mark-recapture program
on the Porcupine River has been valuable in providing in-season estimates of fall chum salmon
as they pass the community of Old Crow. Prior to 2003, the only estimate of run-size was an
escapement count from an enumeration weir on the Fishing Branch River, a major spawning
destination for Porcupine River chum. Therefore, there had been no “in-season” estimate
available before or during the Old Crow subsistence fishery. With declining stocks in recent
years, such an estimate has become necessary to enable effective local management of the
Old Crow fishery.

Between 2003 and 2006, annual fall chum salmon mark-recapture efforts were undertaken on
the Porcupine River in order to assess the strength of the run passing by Old Crow. Due to
improvements in the project methodologies, the project has been able to provide reliable
estimates for the passage of fall chum salmon, with some years allowing for in-season
estimates to be produced.

The 2007 mark-recapture program built on the results of past mark-recapture efforts to once
again attempt to provide accurate in-season estimates of Porcupine River fall chum salmon
stocks. The objectives of this project included:

* Provide an "in-season" estimate of the abundance and timing of 2007 Porcupine River
fall chum salmon returns; thereby, restoring fall chum salmon stocks by directly
increasing spawning escapement during critical times.

= Build community capacity to conservation and restore salmon stocks and their habitat
in the Porcupine River sub-basin.

= Provide information on the proportion of Porcupine River fall chum salmon stocks that
spawn in the Fishing Branch River.

= Set the stage to ensure the long-term conservation of the salmon resource and its
habitat in the Porcupine River sub-basin.

One additional objective is the development of a catch per unit effort (CPUE) index to
replace the current mark recapture program. This is in recognition of the Yukon River Panel’s
long term objective to modify the mark recapture program into an index fishery, the data from
2007 (and previous years) was compared with data from the Fishing Branch Weir to investigate
the feasibility of such a modification. If developed, the index could potentially reduce the
resources needed to provide an in-season indicator of run strength.

EDI Project #: 07-YC-0010 EDI ENVIRONMENTAL DYNAMICS INC. 1



2007 Porcupine River Chum Mark Recapture Program .—.\s

1.1 STUDY AREA

The Porcupine River is one of the largest tributaries in the Yukon River watershed (Figure 1). It
extends from its mouth at Fort Yukon, Alaska, across the Canada/U.S. border where it drains a
large portion of the north Yukon and most of the Vuntut Gwitchin First Nation's Traditional
Territory. The Porcupine has a number of large ftributaries in Canada, including three
significant rivers that form its headwaters: the Whitestone, Miner, and Fishing Branch Rivers.
The only significant Canadian settlement within the Porcupine River watershed is the village of
Old Crow, located approximately 80 kilometres east of the Canada/U.S. border at the
confluence of the Old Crow and Porcupine Rivers. Old Crow has a population of
approximately 300, mainly Vuntut Gwitchin First Nation members.

Three species of salmon migrate up the Porcupine River. These include chinook
(Oncorhynchus tshawytscha,) which pass Old Crow mainly during the month of July; chum,
which pass Old Crow mainly in September; and coho, (Oncorhynchus kisutch) which pass Old
Crow between early October and December. There have also been reports of summer chum
salmon and fall chinook salmon in the vicinity of Old Crow.

Once the program began full operation (Week 2), the site used for the tagging component of
the project remained fixed throughout its duration and was located approximately 28 km
downstream of Old Crow (Figure 1). The site used for the recapture component was located
approximately 23 km downstream of Old Crow (Figure 1).

EDI Project #: 07-YC-0010 EDI ENVIRONMENTAL DYNAMICS INC. 2
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2 METHODS

Two crews of two people carried out the tagging and test fishery components for eight to ten
hours per day for six days per week. Days off for both crews were the same day due to
logistical reasons, including the distance between tagging and test fishery sites. Both the
tagging and test fisheries began operation on August 28th, 2007 and ceased operation on
September 30™, 2007.

Gill nets used were one hundred feet (30.5 m) in length, ten feet (3 m) deep and composed of
three and a half inch (8.9 cm) mesh. Nets were set at a fixed location and closely monitored
at all fimes. When fish were captured, they were removed from the net as quickly as possible.
Fork length and sex was recorded in addition to any other significant observations. At the
tagging site, orange spaghetti tags were applied directly behind the dorsal fin of each fall
chum salmon. The tags applied ranged from FO?970 to FO4649; however, not all tags were
used in this sequence. In addition to being fitted with a spaghetti tag, the fall chum salmon
were given an adipose fin punch to serve as a secondary marking in the case of tag loss. Fish
caught in the test fishery were not tagged; however, they were marked with a left operculum
punch. Axillary appendages were also collected for DNA analysis in both fisheries. When
tagged fall chum salmon were recaptured in the test fishery, the tag number was recorded
along with the other biological information (tag recovery data is presented in Appendix A).

In addition to utilizing the test fishery as a recapture method, the project team also utilized the
Vuntut Gwichin First Nation (VGFN) subsistence fishery in order to increase the sample size of
the recapture in the calculation of weekly run estimations. The number of tagged and
untagged fall chum salmon caught by subsistence fishers was recorded and pooled to the
test fishery data.

As tagged fall chum salmon passed through the Fishing Branch weir, tags were recovered and
associated information was recorded. This tag recovery data was used to estimate travel
fimes, and is presented in Appendix B. All data collected in this study was summarized,
analyzed, and has been detailed in Section 3.0. Mark recapture estimations were made using
the Chapman’s (1954) modification of the Lincoln-Peterson mark-recapture model, as per the
following formula:

Nc (# of fish) = [[(N1 + 1)(N2+1)] x (M2 + 1)] -1
The 95% confidence interval was also derived using the following formula:

variance (Nc) = [(N1 + 1) (N2+1) (N1-M2) (N2-M2)] / [(M2+1)2(M2+2)]

95% Cl = Nc £ 1.965 \/(vorionce (Nc))

EDI Project #: 07-YC-0010 EDI ENVIRONMENTAL DYNAMICS INC. 4
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In the confidence interval formula, 1.965 is a constant value referred to as a Z-value when
using a 95% confidence interval with an infinite number of degrees of freedom in a two-tailed
random distribution (Chapman, 1954).

When using the Lincoln-Peterson mark-recapture model, there are three main assumptions
(Lancia et. al 1996):

= Allindividuals have the same likelihood of being captured.
= Tags are not lost or gained between mark and recapture events.
= The population is closed to immigration and emigration.

The first assumption is valid because gillnets were placed in fixed locations on the Porcupine
River where all fish had an equal likelihood of being captured. The validity of this assumption is
further substantiated by the fact that differences in the proportion of males caught in both the
tagging and test fishery were small. The second assumption is valid, first because no other
tagging activity was taking place on the Porcupine River, and tagged fish also received a
secondary mark to ensure that those which may have lost their tags were not counted in the
test fishery. In addition, First Nation fishers were aware of the study and recorded the number
and status (tagged/untagged) of fish caught. The third assumption is assumed to be valid for
the test fishery (near Old Crow) because there were no fall chum salmon entering the
Porcupine River between the tagging and test fishery location and there are no known
spawning locations between the tagging site and the test fishery. Although it is possible that
there were a number of mortalities resulting from the stress of being tagged, this effect is
thought to be minimal as the number of mortalities associated with handling was likely very
low. For the Fishing Branch weir data, there is emigration in the form of fish spawning in the
mainstem and fributary streams. For the purposes of this study it was assumed that emigration
occurred at the same rate for tagged and non-tagged fish. This assumption should be true
given that the second assumption appears valid.

2.1 DEVELOPMENT OF FALL CHUM SALMON CPUE INDEX

The daily and weekly catches of fall chum salmon from the current recapture site were
developed info a catch per unit effort (CPUE) index (# of fish captured/8 hours fished). It
should be noted that the site used for the recapture in 2007 was also used for the recapture in
2006 and as the tagging site during 2004 and 2005. As such, there are four years of data from
the same location which can be used to aftempt to develop a CPUE index in place of the
mark recapture program. The daily and weekly CPUE indices from the mark recapture
program were compared to the daily counts at the Fishing Branch Weir using a delay of 13
days (this is the average travel time from the tagging fishery to the Fishing Branch Weir).

EDI Project #: 07-YC-0010 EDI ENVIRONMENTAL DYNAMICS INC. 5
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3 RESULTS

The results obtained during the tagging and test fishery data are outlined in the sections
below. The run estimate for each week during the program is also included in addition to tag
recoveries at the Fishing Branch Enumeration Weir.

3.1 MARK / RECAPTURE RESULTS

Tables 1 and 2, respectively, summarize the results of the tagging and test fishery program.
Note that all raw data from this project remains on file with EDI Environmental Dynamics Inc.

Table 1: Weekly results of the tagging fishery.

Timing Week 1 Week 2 Week 3 Week 4 Week 5
Total # of chum 5 100% 84 100% 357 100% 287 100% 97 100%
s Male 3 60% 50 59% 241 68% 192 67% 57 59%
ex
Female 2 40% 34 1% 116 32% 95 33% 40 41%
Average Male 66 68 64 64 63
Length (cm) Female 58 62 61 60 59
whitefish 2
Arctic grayling 1 1
Other Fish -
X inconnu 4
Species -
Captured northern pike 2 3 2
Chinook salmon 1 1
coho salmon 3 6

Table 2: Weekly results of the test fishery.

Timing Week 1 Week 2 Week 3 Week 4 Week 5
Total # of chum 13| 100% | 247 | 100% | 1527 100% 670 100% | 162 | 100%
Sex Male 6 46% 124 50% 894 59% 407 61% 108 67%
Female 7 54% 123 50% 633 41% 263 39% 54 33%
Average Male 66 67 67 65 64
Length (cm) Female 63 62 62 63 59
Tags Recovered 0 5 36 10 5
whitefish 3
] inconnu 2
Osfgee(r:iFelssh northern pike 1
Captured Longnose sucker 1
Chinook salmon 3 1 1 1
coho salmon 1 1

EDI Project #: 07-YC-0010 EDI ENVIRONMENTAL DYNAMICS INC. 6
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D

Using only the tagging and test fisheries, a total of 38,240 fall chum salmon were estimated to
have passed Old Crow between August 28" and September 30" (Table 3).
addition of fish captured in the local Aboriginal fishery, an estimate of 47,641 fall chum salmon
is calculated (Table 4).

Within the

Table 3: Estimation of the number of fall chum salmon that passed Old Crow during the mark recapture

program (includes only recaptures from test fishery).

e % Run E
Week Date - nle d rec:2t - rer:;(z) (:::gsd (Chapman’s Var (Nc) 95% un &t RurlEst
(tagged) | ( pture) \ ) Estimate) Cl “) +)
1 28 Aug-3 5 13 0 83 2730 103 -20 186
Sep
2 |4 Sizg Y 247 5 3512 1599236 | 2485 | 1027 5997
11 Sep -
3 357 1527 36 14783 5032711 4408 10375 19192
16 Sep
17 Sep -
4 287 670 10 17567 24331680 | 9693 7874 27260
24 Sep
5 255ep - 97 165 5 2710 950258 1916 795 4626
30 Sep
TOTAL 830 2622 56 38240 22973080 | 9418 28821 47658

Table 4: Estimation of the number of fall chum salmon that passed Old Crow during the mark recapture
program (includes only recaptures from test fishery and VGFN Aboriginal fishery).

Nc
95% Run Est
Week bate (ta rued) (rec: 2ture) retiézg’;) (Chapman’s var (Ne) i T Ru(rjf)ESt
99 P Estimate) Cl Q)
28 Aug -
NA 30 Sep 830 6592 114 47641 16564731 7998 39643 55638

EDI Project #: 07-YC-0010

EDI ENVIRONMENTAL DYNAMICS INC.
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The proportion of males captured during the mark recapture program was fairly similar in both
the tagging and test fisheries (Figure 2). Overall, more males were captured than females in
both fisheries.

80
70
60 -
50
40
30 A
20
10 -

% of males caught

1 2 3 4 5
Week

@ Tagging Fishery m Test Fishery

Figure 2: Proportion of males captured in the tagging and test fisheries over the duration of the mark
recapture program.

3.2 TAG RECOVERY AT THE FISHING BRANCH WEIR

Of the 830 fall chum salmon tagged during the mark-recapture program, 309 tags (includes 59
tags observed but not recovered) were counted through the Fishing Branch Weir. The tag
numbers recovered ranged from FO00978 (the 8™ tag applied) to FO02161 (the 22274 last tag
applied). The proportion of the tagged salmon that passed through the weir was 40% of the
number of fall chum salmon tagged in the mark-recapture program (this accounts for the
number (58) of known tags removed from the system by the Aboriginal fishery). The Fishing
Branch weir was pulled on October 11th, however significant numbers of fall chum salmon
were still arriving at that time as shown by timing of tags counted through the weir. See
Appendix B for further information regarding individual tag recovery at the Fishing Branch weir.

3.3 TRAVEL TIME OF TAGGED CHUM

The travel times of tagged fall chum salmon between the tagging fishery and the test fishery /
Fishing Branch River enumeration weir are shown in Table 5. Note that the distance between
the tagging and test fishery sites was 5.22 km and the distance between the tagging site and
the Fishing Branch River enumeration weir was 376 km. See Appendix A for detailed

EDI Project #: 07-YC-0010 EDI ENVIRONMENTAL DYNAMICS INC. 8
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information regarding the travel time of each tagged fall chum salmon recaptured in the test
fishery.

Table 5: Travel times of tagged fall chum salmon between the tagging fishery and the Fishing Branch
Weir and test fishery.

Travel Times
Tagging Site to Fishing Branch Weir Tagging Site to Test Fishery Site
Km/h Km / day Km/h Km / day
Minimum Rate 0.63 15.0 0.58 13.95
Maximum Rate 1.96 47.0 2.53 60.62
Average Rate 1.26 30.2 1.12 26.77

3.4 DEVELOPMENT OF FALL CHUM SALMON CPUE INDEX

To develop an in-season CPUE index of fall chum salmon in the Porcupine River near Old Crow,
an attempt to correlate the catches from the 2007 recapture site to daily counts at the Fishing
Branch Weir was conducted (using a 13 day delay for travel time; see Figure 3 to Figure 6). A
fairly strong correlation was found between the mark recapture program and the weir counts
in 2005 and 2007 but not in 2004 and 2006. The reason for a lack of correlation in 2004 is
unknown; however, the conflicting results from 2006 are very likely due to the extremely high
water levels in the Porcupine River during 2006 which severely hampered the ability of the
mark recapture program to catch fall chum salmon.

1200 90

Daily Counts at Fishing
Branch Weir (# fish)

Daily CPUE in Mark Recapture
(# of fish/8 hours)

Date —8— FBRWeir —e— M/ R

Figure 3: Comparison of Fishing Branch Weir counts and daily mark recapture program CPUE (2004).

EDI Project #: 07-YC-0010 EDI ENVIRONMENTAL DYNAMICS INC. 9
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Figure 6: Comparison of Fishing Branch Weir counts and daily mark recapture program CPUE (2007).

To further develop the CPUE index, it was determined that the data from 2006 should be
excluded. Extremely high water flows during the mark recapture program in 2006 severely
hampered the ability to fish effectively using gill nets and, for this reason, the data is not
comparable to other years.

Using data from 2004, 2005 and 2007, the weekly counts at the Fishing Branch Weir were
plotted against the weekly CPUE (weekly totals, not averages) from the mark recapture
program at the 2007 recapture site (13 delay; Figure 7). A linear trendline was fitted to the
data set as were lines indicating a 75% confidence interval. An r2 value of 0.4474 indicates
that there is a relationship between the CPUE from the mark recapture program and the
Fishing Branch Weir counts; however, the strength of this relationship is suspect.

The same figure was completed using a 95% confidence interval (Figure 8)I; however, it
appears as though the small data set results in a large margin of error with such a confidence
interval.

EDI Project #: 07-YC-0010 EDI ENVIRONMENTAL DYNAMICS INC. 11
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Figure 7: Scatter plot showing the relationship between weekly mark recapture CPUE and Fishing Branch
Weir counts (red lines indicate 75% confidence intervals).
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Figure 8: Scatter plot showing the relationship between weekly mark recapture CPUE and Fishing Branch
Weir counts (red lines indicate 95% confidence intervals).
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4 DISCUSSION

4.1 EFFECTIVENESS OF MARK/RECAPTURE PROGRAM

During 2007, the mark recapture program successfully provided valuable in-season estimates
of the number of fall chum salmon passing Old Crow. Although the number of fish tagged
(830) was not exceptionally high, the test fishery captured a considerable number (2,622) of
fall chum salmon, including the recovery of 56 tags. The locations used in 2007 for the tagging
and test fisheries were approximately 5 km apart which appeared to be an appropriate
distance to allow for the adequate capture of tagged and untagged fish. This distance was
also favorable as it allowed for tagged fish to be recaptured on the same day which they
were tagged.

The mark recapture program was able to provide relatively accurate in-season estimates
because the number of fish captured in the test fishery was maximized, and thus an adequate
sample size of tags were recovered. The location used for the test fishery in 2007 has proven to
be very useful in capturing large numbers of chum, and as such, will continue to be used for
the test fishery component of the project.

As has been the case in past years (Schonewille and Anderton 2004, 2006 and Schonewille
2005), the data collected by the mark recapture in 2007 was supplemented with data from
the local subsistence fishery. Using this data, a total run estimate of 47,641 was calculated with
a 95% confidence interval of 7,998 fish (39,643 — 55,638). This estimate was larger than that
calculated using only the mark recapture data (38,240 with a confidence interval of 9,418 fish
[28,821 — 47,658]). Based on the confidence intervals of these two estimates, it is likely that the
actual number of fall chum salmon that passed Old Crow during the mark recapture program
was in the range of 39,643 — 47,658 fish. This estimate is substantially higher than the early
season run estimate of approximately 15,000 fish based upon DNA sampling in the lower
portion of the Yukon River (Pat Milligan, personal communication). As previously noted, the
mark recapture program was able to provide reasonably accurate weekly estimates early
during the run of fall chum salmon which provided evidence that the number of fish returning
to the Porcupine River was substantially higher than initially forecasted.

4.2 TRAVEL TIME OF TAGGED FALL CHUM SALMON

The average rate of travel for tagged fish was slightly lower between the tagging and test
fisheries in comparison with the rate from the tagging fishery to the Fishing Branch Weir. This is
likely due to tagged fish recovering after being captured prior to continuing their upstream
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migratfion. The fravel time between the tag application site and the Fishing Branch Weir (a
distance of approximately 376 km) is fairly similar from year to year, as shown by Table 6.

Table 6: Comparison of travel times from the tagging fishery to Fishing Branch Weir during past years.

Average Minimum Maximum Average Minimum Maximum
Rate of Rate of Rate of Duration of Duration of Duration of
Year Reference
Travel Travel Travel Travel Travel Travel
(km/day) (km/day) (km/day) (days) (days) (days)
2003 25.6 - - 14.7 - - Anderton 2003
2004 | 252 15.0 34.2 14.9 25.1 1o | Schonewile and Anderfon
2005
2005 33.7 7.4 53.7 11.2 50.8 7.0 Schonewille 2006
2006 | 30.6 11.3 42.1 12.3 33.3 8.9 Schonewille and Anderton
2007
2007 30.2 15.0 47.0 12.5 25.1 8.0 This report

The travel time between the tag application and test fishery site is extremely important to
allow the mark recapture program to operate successfully. As determined by past years of
the program, the optimal approach is to have the fisheries located at such a distance that
tagged fish are recaptured on the same day which they were tagged. This was achieved
during 2007, with the average travel time between the tagging and test fisheries (a mid
channel distance of 5.29 km) being approximately 4.75 hours. As the tagging and test fisheries
were staggered in their daily operation by 3 to 4 hours, this allowed for tagged fish to be
passing the test fishery location at a time in which they had the similar likelihood to be
captured as untagged fish. In 2006, the distance between the tagging and test fisheries
ranged from 2.23 km to 3.75 km. This distance was thought to be too close and it appeared as
though it did not allow for adequate mixing of tagged and untagged fish. The locations used
during 2007 appear to be separated by an appropriate distance, and as such, will continue to
be used in future years of operation.

4.3 SPAWNING DESTINATION OF PORCUPINE RIVER FALL CHUM SALMON

During the 2007 mark recapture program, 309 of the 772 tags (40%; accounts for 58 tags known to be
captured in the Aboriginal fishery) applied were accounted for at the Fishing Branch Weir. However; the
last tagged fish counted through the weir was the 2227 |ast tag applied. As such, the corrected
percentage of tags counted through the weir was estimated to be 56%. This proportion is somewhat
lower than has been found in past years of the mark recapture program (

Table 7).
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Table 7: Relative proportion of tagged fall chum salmon accounted for at the Fishing Branch Weir.

Percentage of Tags Counted

Year Through the Fishing Branch Reference
Weir (%)

2003 88 Anderton 2003
2004 59 Schonewille and Anderton 2005
2005 71 Schonewille 2006
2006 NA! Schonewille and Anderton 2007
2007 56 This report

1 During 2006, the weir was not operated continuously due to flooding and as such as reliable proportion of tags
cannot be obtained.

It is apparent that the Fishing Branch River represents the major spawning location for fall
chum salmon in the Porcupine River; however, the results from the mark recapture program in
the last few years suggest that there may be substantial numbers of fall chum salmon
spawning in other locations. There is undoubtedly a small number of fall chum salmon tagged
which die as a result of being captured and tagged; however, this number is likely minimal
(less than 10%). Additionally, there may be some tags which were captured by the
subsistence fishery and not reported; however, this number is likely very minimal.

4.4 DEVELOPMENT OF FALL CHUM SALMON CPUE INDEX

As shown in Figure 7 (Section 3.4), there is a linear relationship between the capture rates in
the mark recapture program and the counts at the Fishing Branch Weir. However, this figure
shows only the fall chum salmon spawning in the Fishing Branch River upstream of the
enumeration weir. To account for the fall chum salmon spawning in other locations, the index
was re-developed using adjusted weir counts. The weekly weir counts were adjusted to reflect
an average of 70% of the fall chum salmon passing through the Fishing Branch Weir (Figure 9).
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Figure 9: Scatter plot showing the relationship between weekly mark recapture CPUE and adjusted
Fishing Branch Weir counts (red lines indicate 75% confidence intervals).

To utilize the CPUE index, the methods would involve computing the weekly CPUE from the
mark recapture program using the line equations shown in Figure 9. This would allow for a
weekly estimate to be calculated along with 75% confidence intervals. Although a higher
confidence interval (?5%) would be desirable, the relatively small data set does not allow for
this at this fime. It is very likely that the 95% confidence interval will be available in future years
of the program as more data become available. An additional in-season tool which may be
utilized is the yearly run timing figures (Figure 3 to Figure 6). These figures can be used to track
patterns and relate them to other years. In combination with the estimates produced by the
CPUE index, this will provide valuable in-season data which may be used by fisheries managers
to make informed management decisions regarding the Old Crow fishery.
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5 CONCLUSIONS AND RECOMMENDATIONS

This project drew upon the knowledge gained during 2003, 2004, 2005 and 2006 to refine the
project methodology to increase sampling efficiency with the goal of increasing the number
of fish captured in the test fishery and thus recapture an appropriate proportion of tagged
fish. The project was successful in doing so, and as such, was able to produced valuable in-
season run estimates independent of the subsistence fishery.

The data collected during this project provide valuable information for the management of
fall chum salmon within the Porcupine River watershed. With each year of the program’s
operation, more knowledge is gained pertaining to Porcupine River fall chum salmon and as
such more informed management decisions can be made. For example, the proportion of
tagged fall chum salmon accounted for at the Fishing Branch Weir appears to vary from year
to year (as determined by tag recoveries). As the Yukon River Panel has identified that the
mark recapture program be modified into a CPUE index, the results of the index development
must be assessed by the relevant parties to determine the utility of doing so. If the 2008
project is modified into a CPUE index fishery, it may not be possible to obtain reliable in-season
estimates of run strength as was done during 2007. In addition to the operation of the CPUE
index, it is recommended that fish captured confinue to be fitted with spaghetti tags to
continue to gain further knowledge pertaining to the proportion of fish spawning upstream of
the Fishing Branch Weir. This data will be crucial in the future refinement of the CPUE index
which will become more reliable in future years as more data is available.
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Appendix A. Travel Time Between the Tagging and Test Fisheries
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Appendix B. Travel Times Between the Tagging Fishery and the Fishing
Branch Weir
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