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ABSTRACT

From 2004 to 2008, the Vuntut Gwitchin Government conducted a mark/recapture program to provide an
estimate of fall chum salmon returns to the upper Porcupine River. Since 2009, this program has been
transitioned to a catch-per-unit-effort (CPUE) index. This is the second year that such a program has been
operated on the Porcupine River. Low returns of fall chum salmon in the Yukon River watershed and high
water throughout much of the duration of the project reduced the effectiveness of gillnet sampling and
complicated the inseason run strength index. A total of 182 fall chum were captured between August 31
and September 25, 2010 producing a run strength index of 13,381 fall chum salmon bound for the Fishing
Branch River weir and 20,587 fish past the CPUE index site. During the corresponding time frame,
assuming an average travel time of 13 days between the test fishery and weir location, 9,154 chum salmon
were counted at the Fishing Branch River weir. Although there is a difference between the CPUE index and
the Fishing Branch River weir counts, this is likely caused by a substantial portion of the 2010 Porcupine
River fall chum spawning in locations other than the Fishing Branch River (i.e. tributaries, mainstem
Porcupine River and/or Fishing Branch River downstream of the weir). This is supported by the relatively
low proportion of tags (41%) from the CPUE being recovered at the Fishing Branch River weir (compared
to previously established averages of 60-65%). Analysis of data from 2004 to 2010 has helped refined the
understanding of the how the index program is affected by water levels. As the cumulative CPUE water
level models are enhanced with additional data, more robust estimates will be provided in future years.
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1 INTRODUCTION

Over the past 8 years the fall chum salmon (Oncorbynchus keta) mark/recapture and catch-per-unit-effort
(CPUE) index programs on the Porcupine River have been providing inseason indices of fall chum salmon
as they near the community of Old Crow. Prior to 2003, indices of run-size included Yukon River drainage
inseason genetics data and an escapement count from an enumeration weir on the Fishing Branch River, a

major spawning destination for Porcupine River chum.

Between 2003 and 2008 the Vuntut Gwitchin Government (VGG) conducted an annual fall chum salmon
mark/recapture program on the Porcupine River in order to assess the strength of the run passing by Old
Crow. The projects were able to provide an index of fall chum salmon, with some years allowing for

reasonably accurate run strength indices to be produced.

In 2009, the mark/recapture program was transitioned to a catch-per-unit-effort (CPUE) index program.
High water levels in 2009 complicated the generation of an inseason run strength index; however, this led to
the development of a more sophisticated model that incorporated raw water levels' into the index (Snow
2010). This model was used during the 2010 field program and allowed for flexibility when applying the
index inseason.

The 2010 CPUE program was designed to provide an index of run strength, rather than a total estimate of
fish passage past the index site. Variability in the annual harvest of fall chum salmon by Vuntut Gwitchin
First Nations citizens, possible variations in fish mortality in tagged and untagged fish and variability in the
number of fish that return to each spawning site do not allow for a reasonable estimate of total passage to
be generated. However, users of the index data should note that the run strength index provided by the
chum CPUE program provides a useful post-season approximation and inseason indicator of the fall chum
salmon run size for the Old Crow fishery. Though other programs may provide useful estimate of total run
strength for the Porcupine River, there is currently no other localized inseason index available before or
during the Old Crow aboriginal fishery. With declining salmon stocks in recent history, such an index has
become necessary to help provide effective local management of the Old Crow fishery.

The 2010 CPUE index program built on the results of past program efforts to once again attempt to
provide an accurate run strength index for Porcupine River fall chum salmon stocks. The objectives of this
project were to:

* Provide an "inseason" run strength index including information on abundance and run timing of the
2010 Porcupine River fall chum salmon returns across the Canadian border and through the

1 As measuted by a Water Survey of Canada gauging station located near the Canada/U.S. bordet on the Porcupine River (station
09FD002).

EDI Project #: 10-YC-0037 EDI ENVIRONMENTAL DYNAMICS INC. 5
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Porcupine River sub-basin; thereby, restoring fall chum salmon stocks by directly increasing
spawning escapement during critical times.

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

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

1.1 STUDY AREA

The Porcupine River is one of the largest tributaries of the Yukon River (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 northern
Yukon and most of the Vuntut Gwitchin First Nation’s Traditional Territory. The Porcupine River has a
number of large tributaries 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 (Oncorbynchus tshawytscha)
which pass Old Crow mainly during the month of July; chum, which pass Old Crow mainly in late August
and September; and coho, (Oncorbynchus kisutch) which pass Old Crow between early October and
December.

The site used for the CPUE index fishery remained fixed throughout the duration of the project, and was
located approximately 23 km downstream of Old Crow (Figure 2). This site has been used during the 2009
CPUE index program and as a capture/recapture site duting the previous mark/recapture programs. As in
previous high water years, (e.g. 2009) netting was conducted on the left downstream bank of the river. This
site consists of a small eddy, approximately 2 m deep at it deepest point.

EDI Project #: 10-YC-0037 EDI ENVIRONMENTAL DYNAMICS INC. 6
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2 METHODS

21 CPUE INDEX FISHERY

One crew of two people fished with gillnets for approximately 40 hours per week, over a five day work
week. The program began operation on August 31, 2010 and ceased operation on September 25, 2010. Nets
were set for approximately 8 hours a day; however, set times varied slightly from day to day. During the day,
nets were checked at approximately 15 to 20 minute intervals or whenever fish were detected in the net (e.g.
due to a submerged or vibrating net float).

The gill nets used were one hundred feet (30.5 m) in length, ten feet (3 m) deep and composed of four and a
half inch (11.43 cm; stretched length) mesh. The hanging ratio of the nets was half-basis, or 87% of the
stretched measure. Nets were set at a fixed location and closely monitored at all times. When fish were
captured, they were removed from the net as quickly as possible and placed into a water filled tote (refilled
with fresh water each time the net was checked) in a boat. One crew member removed fish from the net
and carefully placed them into the tote while the other crew member tagged, measured and released
captured fish. This allowed each fish to be processed in approximately 30 to 60 seconds. Fork length was
measured by placing the fish along a length of fiberglass measuring tape affixed to a narrow board. The sex
of captured fish was also recorded, in addition to any other notable observations. Orange spaghetti tags
were applied directly behind the dorsal fin of each chum salmon. The tags applied ranged from BO4165 to
BO4348. All tagged fall chum salmon were also given an adipose fin punch to serve as a secondary marking
in the case of tag loss.

As tagged fall chum salmon passed through the Fishing Branch River weir (operated by the Department of
Fisheries and Oceans, hereafter referred to as DFO), tags were counted/recovered and the associated
information was recorded by DFO personnel. This tag data was used to estimate travel times, and is
presented in Appendix A.

2.2 INSEASON CALCULATION OF DAILY CPUE AND INDEX ESTIMATES

CPUE was calculated by dividing the number of chum salmon captured by the number of hours fished.
This value was then converted to a daily CPUE by multiplying by 8 (the total hours fished on average per
day). Cumulative CPUE was generated by adding daily CPUE (for every day of program operation)
cumulatively over the duration of the program. Daily CPUE for crew days off was calculated by averaging
preceding and proceeding daily CPUE. For a detailed description of the method of averaging, refer to
Section 4.3.2.

Based on the cumulative daily CPUE data, 2010 inseason chum run strength indices were developed using
the high and low water CPUE index formulas developed in 2009 (Snow 2010). These formulas were
developed by plotting corresponding cumulative counts from the Fishing Branch River enumeration weir

EDI Project #: 10-YC-0037 EDI ENVIRONMENTAL DYNAMICS INC. 9
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against cumulative daily CPUE from the index fishery (see Section 3.4 for an explanation of determining
corresponding periods of CPUE and Fishing Branch River weir program operation). These formulas allow
for an index of expected chum salmon counts at the Fishing Branch River weir.

Historical tag recovery rates at the Fishing Branch River weir (65%, averaged from 2003 to 2009, excluding
2006) provided an inseason approximation of the proportion of CPUE index catches that headed to the
Fishing Branch River weir (see Section 3.5). Multiplying the 2009 index formula results by the inverse of this
tag recovety approximation (1/0.65 or 1.538) allows for a run strength index of chum salmon at the CPUE
index site during its period of operation. Refer to Snow 2010 for a more detailed description of formulas
developed in 2009.

Using the 2009 formulas (2010 inseason), high water level periods correspond to raw water levels greater
than 8m and low water periods correspond to raw water levels less than 8m. Daily water level data is
provided in real-time by a Water Survey of Canada water level gauging station near the Canada/U.S. border
on the Porcupine River (station 09FD002) The formulas used to generate the high and low water indices are
shown below:

Hioh Water 1 evel Formula:

Daily Cumulative High Water Fishing Branch River Weir Index = (Daily Cumulative CPUE * 45.992) + 3175.5

Low Water I evel Formula:

Daily Cumulative Low Water Fishing Branch River Weir Index = (Daily Cumulative CPUE * 7.6747) + 2889.7

Using real-time, daily water level data allows for switching between high and low water models as Porcupine
River water levels rise or fall. In order to avoid adding cumulative totals from different formulas, a new
cumulative CPUE tally was started whenever a switch was made between the high and low water level
formulas (or vice-versa). The start point for each new cumulative tally was determined by taking the Fishing
Branch River Weir index estimate at the time of the switch and re-arranging the formula (of the model being
switched to) to solve for CPUE. In it most simplest form, this take the form of the following equation:

Cummnlative CPUE = Daily CPUE (chum/ 8 honrs) + CPUE Egquivalency

An example of this method using 2010 data is provided in Table 1. In this case, a switch was made from the
high to the low water model on September 21. The new starting cumulative CPUE tally for the low water
model (1315.76) was the daily CPUE for September 21 (15.48) plus the equivalent to-date CPUE generated
using the Fishing Branch River index estimate from September 20 (1300.27; Table 1).

EDI Project #: 10-YC-0037 EDI ENVIRONMENTAL DYNAMICS INC. 10
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Table 1: Example calculation showing switch between high and low water models.

Daily FBR High Water Low Water formula FBR Low Water Index,
Water CPUE . Index, Y = (Daily CPUE Equivalency, X = | Y = (Daily Cumulative
Dat Cumulative CPUE ’
| Level | (chumsg | ~"RHYE Cumulative CPUE * (FBR High Water CPUE * 7.6747) +
hours) 45.992) + 3175.5 Estimate - 2889.7)/7.6747 2889.7
19-Sep | >8m 29.89 186.36 11746.54 1154.03
20-Sep >8 m 24.40 210.76 12868.91 1300.27
1315.76 = (15.48 +
- < 15. .
21-Sep 8 m 5.48 1300.27) 12987.74
22-Sep <8 m 20.69 1336.45 13146.53

3 RESULTS

The results obtained during the 2010 CPUE index program are outlined in the sections below. The run
strength index for each week of the program is included in addition to tag recoveries at the Fishing Branch
River enumeration weir.

3.1 WATER LEVELS

Water levels during the month of September were lower than those recorded during the equivalent dates in
2009; however, they remained above the high water threshold level of 8 m for the majority of the
operational period of the project (Figure 3). In contrast to past years, the water levels in 2010 showed a clear
downward trend throughout the duration of the program (i.e. water levels never rose). A table of water level
data is available in Appendix B.
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Figure 3: Raw water levels on the Porcupine River in the month of September, from 2004 to 2010. Data collected near
the Yukon/Alaska border and provided by the Water Survey of Canada/Environment Canada.
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3.2  WEEKLY CATCHES

Table 2 summarizes the raw catches at the CPUE index site; percentage values reflect the total, male and
female proportions of the catches in weeks 1 through 4. All raw data from this project remains on file with
EDI Environmental Dynamics Inc. and is included in Appendix A.

Table 2: Weekly catches of the CPUE index program.

Timing Week 1 Week 2 Week 3 Week 4
Total # of chum 23 100% 25 100% 69 100% 65 100%
Male 18 78% 15 60% 49 1% 51 78%
Sex Female 5 22% 10 40% 20 29% 14 22%
Average Length Male 68 68 67 67
(cm) Female 62 61 64 62
broad whitefish 3 4
longnose sucker - - 1 -
Othcé :piilrigccies inconmu - 5 i i
northern pike - 1 - -
Chinook salmon 1 - - -

3.3  TAG RECOVERY AT THE FISHING BRANCH RIVER WEIR

Of the 182 fall chum salmon tagged during the CPUE index program, 62 tags (includes 20 tags observed but
not recovered) were counted through the Fishing Branch River weir. In addition, 17 tags (9% of applied
tags) were recovered by the VGEN fishery; one tag was recovered during the second week of program
operation, eight tags were recovered during the third week and nine tags were recovered during the fourth
week. The tag numbers recovered at the Fishing Branch River weir ranged from BO4166 (the 2™ tag
applied) to BO4333 (the 16" last tag applied). The proportion of the tagged salmon that passed through the
weir was 41% of the number of fall chum salmon tagged in the matk/recapture program. The number was
derived by subtracting the number of tagged fish known to have been removed by the aboriginal fishery (17)
as well as the number of tags that may have crossed the Fishing Branch River weir before (1) and after (127
its operation. The Fishing Branch River weir was removed on October 12; however, chum salmon were still
arriving at that time, as shown by the timing of tags counted through the weir. See Appendix A and
Appendix C for further information regarding individual tag recovery at the Fishing Branch River weir.

2 The last tag counted through the Fishing Branch River weir was the 16% last tags; however, three tags were removed in the
Aboriginal fishery.
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3.4

TRAVEL TIME OF TAGGED CHUM

The rates of travel (km/day) of tagged fall chum salmon between the CPUE index fishery and the Fishing
Branch River weir are shown in Table 3. Note that the distance between the CPUE index fishery site and

the Fishing Branch River weir is approximately 376 km.

Table 3: Travel times of tagged fall chum salmon between the CPUE index fishery and the Fishing Branch River weir.

Tagging Site to Fishing Branch River Weir
Km /h Km / day
Minimum Rate 0.65 15.67
Maximum Rate 1.56 37.60
Average Rate 1.08 25.87

The average travel duration (days) for tagged fish between the CPUE index fishery site and the Fishing
Branch River weir in 2010 was the highest on record (15.1 days; Table 4). On average, chum took 2 days

longer compared to the long-term average (average travel time from 2003 to 2010 is approximately 13 days).

Travel times for individual tagged chum salmon are included in Appendix C.

Table 4: Comparison of travel times from the CPUE index fishery to the Fishing Branch River weir during past years.

Average Minimum | Maximum Average Maximum Minimum
Tere Rate of Rate of Rate of Duration Duration Duration Reference
Travel Travel Travel of Travel of Travel of Travel
(km/day) | (km/day) | (km/day) (days) (days) (days)
2003 25.6 - - 14.7 - - Anderton 2003
Schonewille and
2004 25.2 15.0 34.2 14.9 25.1 11.0 Anderton 2005
2005 33.7 7.4 53.7 11.2 50.8 7.0 Schonewille 2006
Schonewille and
2006 30.6 11.3 421 12.3 33.3 8.9 Anderton 2007
2007 30.2 15.0 47.0 12.5 25.1 8.0 Schonewille 2008
2008 32.5 16.3 53.7 11.6 23.0 7.0 Snow 2009
2009 29.8 19.8 41.8 12.6 19.0 9.0 Snow 2010
2010 26.0 15.7 37.6 15.1 24.0 10.0 This report
Averages 29.2 14.4 44.3 131 28.6 8.7 -

3.5

SPAWNING DESTINATION OF PORCUPINE RIVER FALL CHUM SALMON

During the 2010 CPUE index program, inseason run timing information was based on the average recovery

rate of CPUE index and mark/recapture tags counted through the Fishing Branch River weir from 2003 to

2009 (65% excluding 20006; Table 5).

EDI Project #: 10-YC-0037
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In the 2010 post-season, 62 of the 165 tags (38%; accounts for 17 tags known to be captured in the
aboriginal fishery) applied were accounted for at the Fishing Branch River weir. However, the last tagged
chum counted through the weir was the 16" last tag applied. As such, the corrected percentage of tags
counted through the Fishing Branch River weir in 2010 was estimated to be 41%. This proportion is the
second lowest in the eight years of the program (Table 5).

Table 5: Relative proportion of tagged fall chum salmon accounted for at the Fishing Branch River weir.

Year Tags Counted Through the Fishing Branch River Weir (%o)! Reference

2003 88 Anderton 2003

2004 59 Schonewille and Anderton 2005
2005 71 Schonewille 2006

2006 NA? Schonewille and Anderton 2007
2007 56 Schonewille 2008

2008 45 Snow 2009

2009 35 Snow 2010

2010 41 This report

"Percentages are calculated after the removal of tags by the Old Crow aboriginal fishery and are corrected for fish that may have crossed the
weir while it was not operating.
* During 2000, the weir was not operated continuously due to flooding and as such a reliable proportion of tags could not be obtained.

It is apparent that the Fishing Branch River represents a major spawning location for fall chum salmon in
the Porcupine River; however, the results from the mark/recapture and the index programs 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 that 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 aboriginal fishery and not reported; this number is also likely very minimal.

3.6 DAILY AND CUMULATIVE CPUE

Daily CPUE for the period of operation of the CPUE index fishery is shown in Table 6. The CPUE
formulas developed in 2009 (Snow 2010) produced a run strength index of 13,381° chum salmon expected
to be heading to the Fishing Branch River weir between August 31 and September 25, 2010 (Table 6). An
extrapolation of this Fishing Branch River weir index was conducted, based on average tag recovery rates at
the Fishing Branch River weir from 2004 to 2009 (65%, Section 3.5). This produced a run strength index of
20,587 chum past the CPUE index fishery site between August 31 and September 25, 2010.

3 Both the high water and low water models were used to generate this run strength index. The high water model was used during
the first three weeks; the fourth (and final) week of the program used the low water model.

# Not including fall chum salmon expected to be harvested in the aboriginal fishery.
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Table 6: Daily CPUE and 2010 runs strength indices.

Run
. . High Water | Low Water Strength
Dae | Hours | Chum CPUE D(“:E;rcnI;IéE C“’]‘)‘::f;we Model Model Index of
Fished | Captuted | (chum/hr) i) CPUE Cumulative | Cumulative | chum Past
Index Index the CPUE
Site
31 Aug 8.13 3 0.37 2.95 2.95 3311.27 Not in use 5094.26
1-Sep 8.13 5 0.62 4.92 7.87 3537.55 Not in use 5442.39
2-Sep 8.10 3 0.37 2.96 10.84 3673.83 Not in use 5652.04
3-Sep 6.61 6 0.91 7.26 18.10 4007.81 Not in use 6165.86
4-Sep 8.21 6 0.73 5.85 23.94 4276.70 Not in use 6579.54
5-Sep | Day Off | Day Off 0.83 6.68 30.62 4583.91 Not in use 7052.17
6-Sep | Day Off | Day Off 0.74 5.92 36.54 4855.97 Not in use 7470.72
7-Sep 8.08 7 0.87 6.93 43.47 5174.73 Not in use 7961.12
8-Sep 8.05 5 0.62 4,97 48.44 5403.26 Not in use 8312.71
9-Sep 7.83 2 0.26 2.04 50.48 5497.24 Not in use 8457.29
10-Sep 7.88 5 0.63 5.08 55.56 5730.70 Not in use 8816.46
11-Sep 7.50 6 0.80 6.40 61.96 6025.05 Not in use 9269.31
12-Sep | Day Off | Day Off 0.72 5.76 67.72 6290.08 Not in use 9677.04
13-Sep | Day Off | Day Off 0.47 3,78 71.50 6464.11 Not in use 9944.78
14-Sep 413 3 0.73 5.81 77.32 6731.38 Not in use 10355.96
15-Sep 8.03 3 0.37 2.99 80.30 6868.84 Not in use 10567.44
16-Sep 8.15 2 0.25 1.96 82.27 6959.13 Not in use 10706.35
17-Sep 7.75 36 4.65 37.16 119.43 8668.25 Not in use 13335.77
18-Sep 5.40 25 4.63 37.04 156.47 10371.66 Not in use 15956.40
19-Sep | Day Off | Day Off 3.74 29.89 186.36 11746.54 Not in use 18071.61
20-Sep | Day Off | Day Off 3.05 24.40 210.76 12868.91 Not in use 19798.33
21-Sep 7.75 15 1.94 15.48 1315.76 Not in use 12987.74* 19981.14
22-Sep 8.12 21 2.59 20.69 1336.45 Not in use 13146.53 20225.43
23-Sep 8.42 7 0.83 6.65 1343.10 Not in use 13197.57 20303.96
24-Sep 7.34 18 2.45 19.62 1362.72 Not in use 13348.14 20535.60
25-Sep 7.28 4 0.55 4.40 1367.11 Not in use 13381.88 20587.50
Totals 150.89 182 N/A N/A N/A 13,381 20,587

Bold cell are averaged from proceeding and preceding days.
*New cumulative total started when switching from high to low water model.

A comparison of the index site CPUE and the counts at the Fishing Branch River weir during the
corresponding period of operation (accounting for travel delay) is shown in Table 7. Counts at the Fishing
Branch River weir during the 2010 inseason and post-season estimated corresponding operational period
(based on long-term average travel times of 13 days and 2010 average travel time of 15 days, respectively)
show a somewhat different trend than CPUE index catches. Whereas Fishing Branch River weir counts
were highest in week two of the CPUE index program, index catches peaked in week three. A notably larger
change between week one and week two of the Fishing Branch River weir counts is shown when the
average chum salmon travel time is assumed to be 15 days (2010 post season estimate) as compared to the
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inseason estimate of 13 days (Table 7). However, the total counts at the Fishing Branch River weir under the

two different corresponding periods (9,154 and 8.763) differ by only approximately 4%.

Table 7: Comparison of weekly and cumulative CPUE with passage of fall chum at the Fishing Branch River weir.

CPUE Weekly | Cumulative Inseason estimated cotresponding Post-season estimated corresponding
Program Date CPUE CPUE weekly period at Fishing Branch weekly period at Fishing Branch River
Week! River Weir (+13 days) Weir (+15 days)
Pre August 31 N/A 5,009 5,848
1 31 Aug — 36.54 36.54 2,158 1,720
4 Sep
) 7 Sep — 34.97 71.50 2,435 2,860
11 Sep
3 14 Sep — 139.26 210.76 2,429 2,593
18 Sep
4 21 Sep — 66.84 277.6 2,132 1,590
25 Sep
Total Fishing Branch River weir counts during 9,154 8,763
corresponding operating period of CPUE index
Post September 25 N/A 1,163 1,610

"Weeks include 5 days fishing time and 2 days days-off (CPUE for days off was averaged from preceding and proceeding daily

CPUE).

ZRefers to the corresponding periods of weir operation before and after the CPUE index program, includes post season

expansion counts.
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4 DISCUSSION

4.1 INSEASON EFFECTIVENESS OF CPUE INDEX PROGRAM

The 2010 CPUE index program captured a total of 182 fall chum salmon. Using the models developed in
2009, these catches resulted in an inseason run strength index of 13,381 fall chum expected at the Fishing
Branch River weir and an inseason run strength index of 20,587 fall chum salmon passing the CPUE index
site between August 31 and September 25, 2010 (based on a historical average tag recovery rate of 65% at
the Fishing Branch River weir). Assuming a long-term average travel time of 13 days (between the CPUE
index and Fishing Branch River weir sites), the count of chum salmon at the Fishing Branch River weir
during the corresponding period was 9,154.

The difference between the CPUE run strength index and the corresponding Fishing Branch River Weir
counts is likely related to a substantial portion of the Porcupine River fall chum spawning in locations other
than the Fishing Branch River (i.e. tributaries, mainstem Porcupine and/or Fishing Branch River below the
weir). This supposition is supported by the relatively low proportion of tags (41%) from the CPUE program
being recovered at the Fishing Branch River weir in 2010, and is discussed in the following section.

4.2 POST-SEASON ANALYSIS OF CPUE INDEX ESTIMATES

As noted in Section 3.3, post season analysis of tag observations at the Fishing Branch River weir in 2010
indicates that a relatively low proportion of the applied tags (41%) went to the weir. In this case, use of the
historical tag recovery rate of 65% results in an overestimate of the amount of chum salmon expected at the
Fishing Branch River weir. Multiplying the season run strength index of 20,587 chum salmon (past the
CPUE index site) by 41% results in an index of 8,281 fall chum at the Fishing Branch River weir. This is
much closer to the observed Fishing Branch River count (during the corresponding period) of 9,154. As
such, the accuracy of the Fishing Branch River weir index generated from the CPUE index program is
dependent on the percentages of the chum that return to the weir.

In addition to a reduced tag recovery rate, the average travel time of fall chum salmon in 2010 was 15 days,
this is considerably slower than the long-term program average of 13 days. When a travel time of 15 days is
used instead of 13, the corresponding Fishing Branch River weir count is 8,763 (Table 7). This count is
closer to the index estimate of 8,281 (based on a tag recovery rate of 41%). However, as noted in Section
3.6, a two day difference in average travel time only changes the corresponding Fishing Branch River weir
counts by 4%. It is clear that a much greater proportion of the variation in the 2010 index is explained by
tag recovery rates than by differences in travel times between the CPUE index and Fishing Branch River
weir sites. A discussion of possible reasons for the notably slower average travel times in 2010 is provided in
Section 4.4.

The proportion of tags observed at the Fishing Branch River weir is very variable from year to year and the
CPUE index program cannot be adjusted inseason to compensate for this (given that this data is not
available inseason). However, the index program can provide a run strength index at the CPUE site which
may be more relevant to the management of this stock. For example, in 2010 while the run was small at the
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weir, the proportion of the chum that went to the weir was likely low. These fish are most likely spawning in

other areas of the watershed and will contribute to the recruitment of the stock.

In 2010, catches at the CPUE index site followed a similar trend to counts at the Fishing Branch River weir
for most of the period of program operation (Figure 4). However, as water levels dropped, the CPUE trend
began to diverge near the end of the third week of the CPUE index program. During the later period of the
run, as the water levels decreased below the low water threshold established in 2009 (8 m), CPUE began to
increase at the index site. Interestingly, counts of fall chum salmon did not increase to the same degree at
the Fishing Branch River weir (Figure 4). This resulted in a data distribution that was lower than the
expected high water cumulative CPUE/Fishing Branch River weir trend line (based on 2009 models; Figure
6). Since the index was based on this linear relationship, the run strength index produced from the 2010
CPUE data was higher than the actual count at the Fishing Branch River weir during the equivalent

timeframe.
10000 —
w 1000
=)
o
o
S~
w)
-
c
= /
S 100 >
[}
2
=
>
£
S
10 /
1 T T T T T T T T T T T T T T T T T T T T T T T T T 1
[eTY] o o [oX [oX o o [oX Q. [oX (o [oX Q. [oX o [oX Q. [oX o (o Q. Q. o (o Q. Q.
> () (] (] () () (] (] () () (] (] () () () (] ] () () (] (] () () (] (] ()
< 9@ 9L @ D Y DL Y D B Y B P B Y B Y B Y DY D B YD DY
— = N OO < N OV N 0 OO O = N N < n OW N 00 OO0 O «+ N N < un
o™ - i i - - — i - i i ('] N (gl (o] (V] N
Date
e Cumulative Daily CPUE = Cumulative Fishing Branch weir counts

Figure 4: Comparison of cumulative daily CPUE and cumulative Fishing Branch River weir counts during the
corresponding periods (assuming 13 days travel time) of the 2010 season.

It is likely that the increased catch rates at CPUE site were the result of changes in Porcupine River water

levels rather than fish densities. Water levels continued to decrease throughout the program, allowing for

the gillnet to sample a greater proportion of the river. Unfortunately, beyond the development of the two

water level models, it is not possible to compensate for this factor with the available data.
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In addition to tag recovery rates, travel times and water levels, it should be noted that other sources of error
also contribute to differences between the CPUE program estimate and the corresponding counts at the
Fishing Branch River weir. Undoubtedly, there is some mortality in both tagged and untagged chum salmon;
however, all fish are handled carefully in order to minimize this occurrence. It is also true that some tag loss
may occur, which would also introduce uncertainty into CPUE estimate; the application of an adipose
punch is one method to minimize this source of uncertainty. There may also be a number of unreported tag
recoveries in the aboriginal fisheries and harvest maybe be more than or less than expected. This is unlikely
to represent a large amount of chum; however, the effect may be exaggerated during small runs, such as in
2010. In fact, the small sample size of tagged fish in 2010 is in itself a challenge when generating indices;
even a small amount of tag loss can have a considerable effect overall. Though all these factors may have
notable effects on CPUE estimate, they likely affect all program years to some degree and are an
unavoidable occurrence in this type of stock assessment program.

It must also be noted that there can be considerable variability from year to year in the number of fall chum
salmon that are harvested by the Aboriginal fishery. As most of the fish are harvested between the CPUE
site and the Fishing Branch weir, this can affect the run strength index. Other than accounting for tags
removed by the aboriginal fishery, the run strength index assumes that harvest is consistent between years
does not account currently account for variations of harvest.

4.3 POST-SEASON REFINEMENT OF CPUE INDEX MODELS

Post-season refinement of the 2010 inseason formulas (based on data from 2004 through 2009, excluding

2005) involved two separate processes:

e Incorporating 2010 Porcupine River raw water level data into an updated kernel density plot to
ensure that 2009 water level distribution patterns (and thus CPUE catches/Fishing Branch River

counts) were still valid;

e Adding the 2010 CPUE catches and corresponding Fishing Branch River weir count data to the
appropriate data sets and plotting this data to derive updated formulas.
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4.3.1 REFINEMENT OF HIGH/LOW WATER LEVEL THRESHOLD

During initial CPUE model development in 2009, plotting corresponding daily cumulative counts at the
Fishing Branch River weir and daily cumulative CPUE at the index netting site showed that yearly data
series’ appeared to be separated into two separate groups. Catch data collected in 2006 and 2009 appeared
to be separately distributed from data collected in 2004, 2007, 2008 (Figure 8). An investigation into the
possible explanations for the two separate data groups showed that they appeared to correlate with changes
in Porcupine River water levels. The existence of two separate data distributions (based on differing water
levels) was confirmed using a kernel density plot of daily water levels corresponding to previous CPUE and
mark/recapture program dates (August and September 2004 through 2009, excluding 2005). This plot
showed that the water level threshold value that separated the two models was approximately 8 m (see Snow
2010).

During post-season model refinement, the kernel density plot was re-created and 2010 data was
incorporated to ensure that the distributions of index catches remained similar to those used during (2009)
model development. The updated kernel density plot showed that the distribution of catches was similar to
the 2009 plot and that the difference in the threshold value was minimal (7.95 m in 2010, as compared to 8
m in 2009). Based on the results of the updated kernel density plot, CPUE data collected during the period
of operation of the matk/recapture and CPUE index fisheries (excluding 2005) was assigned to the high
water category when corresponding daily raw water levels were above 8 m; CPUE data collected on days
when raw water levels were below 8 m was assigned the low water category.

5 It was determined during model development (in 2009) that the catches in 2005 were influenced by a saturation of the gillnets
used to conduct the program, as such, this year’s data was excluded from further model development (see Snow 2010 for more
details).
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Figure 5: Kernel density plot of daily raw water level data collected during the corresponding period of operation of the
mark/recapture and index fisheries (2004-2009, excluding 2005). Data are approximately normally distributed
for raw water levels in the range of 6.8 to 8 m; the water level threshold (8 m) is indicated by the red line.

Water levels measured in September 2010 (Figure 3) indicated that CPUE data collected in 2010 should be
assigned to the high water level model (Figure 6) for the first 3 weeks of program operation. Low water
levels only occurred during the final week of program operation (September 21 to 25; Figure 7); data
collected during this week was assigned to the low water model.

74.3.2 REFINEMENT OF CUMULATIVE CPUE HIGH WATER MODEL

To refine the cumulative CPUE high water model, daily cumulative CPUE from 2006, 2009 and 2010 was
plotted against corresponding (adjusted for a long-term average travel time of 13 days; Table 4) cumulative
counts at the Fishing Branch River weir (Figure 6). High water data from 2010 included only the first three
weeks of data, when raw water levels were higher than 8 m.

The low water CPUE model was refined in the same manner, and included data from 2004, 2007, 2008 as
well as the last week of 2010 (when water levels dropped below 8 m, model shown in Figure 7). Where data
was missing from the mark/recapture and CPUE index data sets (e.g. due to crew days off), the CPUE for
the missing days was averaged from preceding and proceeding daily CPUE (Table 8).
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Table 8: Methods of averaging used to fill in data gaps in the CPUE and mark/recapture data set.

Method of averaging one missing day Method of averaging two missing Method of averaging three missing days!

days

Day 1 Day 1 Day 1

DATA GAP 1 (gx;;rgsge of Days 1 and Day 2 Day 2
Day 3 DATA GAP 1 éﬁgesr)age of Days 1,2 DATA GAP 1 (Average of Days 1,2 and 6)
DATA GAP 2 (Average of Days 5,6 | DATA GAP 2 (Average of DATA GAPs 1

and 2) and 3)
Day 5 DATA GAP 3 (Average of Days 6,7 and 2)

Day 6 Day 6

Day 7

1Only a single occurrence.

The refined water level models (Figure 6 and Figure 7) will be used during the 2011 index program. The
new high and low water formulas (as shown on Figure 6 and Figure 7) are:

Hioh Water 1 evel Formula:

Daily Cumulative High Water Fishing Branch River Weir Index = (Daily Cumulative CPUE * 48.297) + 2095.3

Low Water I evel Formula:

Daily Cumulative High Water Fishing Branch River Weir Index = (Daily Cumulative CPUE * 7.6684) + 2703.5

For a visual comparison with past years’ data, the 2010 data set was also plotted with all other program data
(2004 to 2009, excluding 2005; Figure 8). This plot clearly shows that 2010 data is most similar to the 2006

and 2009 data sets during the early to middle part of the run and is most similar to 2004, 2007 and 2008
during the later part of the run.

EDI Project #: 10-YC-0037 EDI ENVIRONMENTAL DYNAMICS INC. 22



2010 Porcupine River Fall Chum Salmon CPUE Index (CRE-27-10)

D

40000

35000

30000

25000 g

20000 - -*

15000 e

10000 —

5000 - ‘

o # . . . . . .

0 100 200 300 400 500 600
Cumulative CPUE

Cumulative Fishing Branch Wier Counts

+ 2006 + 2009 + 2010

y =48.297x + 2095.3

R?=0.9052

Figure 6: Scatter plot showing the relationship between daily cumulative CPUE and daily cumulative Fishing Branch
River weir counts in high water years, during the corresponding period of operation of both programs (yellow

lines indicate minimum and maximum parameter estimates).
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Figure 7: Scatter plot showing the relationship between daily cumulative CPUE and daily cumulative Fishing Branch
River weir counts in low water years, during the corresponding period of operation of both programs (yellow

lines indicate minimum and maximum parameter estimates).
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Figure 8: Scatter plot showing the relationship between daily cumulative CPUE and daily cumulative Fishing Branch
River weir counts in all years of program operation, during the corresponding period of operation of both
programs (yellow lines indicate minimum and maximum parameter estimates).

74.3.3 POST-SEASON EVALUATION OF NEW HIGH WATER MODEL

To evaluate the accuracy of the new high water CPUE index formula, historical data from high water years
of CPUE index and mark/recapture programs (2006, 2009 and 2010) was run through the new high water
formula to generate indices of fall chum salmon expected at the Fishing Branch River weir. The results of
these calculations were compared to historical counts at the Fishing Branch River weir from previous years,
during the corresponding period of operation (using the long-term average travel time delay of 13 days). The
results of this analysis are shown Table 9. Similar comparisons were made in the same manner for the low
water years (2004, 2007, and 2008) of program operation (Table 9)

In most years, both the old and the new cumulative CPUE models produced an index which reasonably
approximated the actual counts at the Fishing Branch River weir (Table 9). In addition, the end-of-season
counts at the Fishing Branch River weir are within the ranges of the cumulative CPUE minimum and
maximum parameter estimates. When the results from the new formulas are compared to those generated
using the old (2010 inseason) formulas, the new formulas produce comparable results (Table 9). Also of
importance, the new formulas approximate actual Fishing Branch River weir counts in 2010 much more
closely; this is mainly due to the inclusion of different portions of the 2010 CPUE data into both high and
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low water models’. In future years, when water levels fluctuate above and below the 8 m threshold,
application of the new formulas should provide a reasonable index of run strength.

Table 9: Post-season comparison of estimates generated using refined 2010 cumulative CPUE models and historical
counts at the Fishing Branch River weir during corresponding periods of operation of both programs.
Minimum and maximum parameter estimates do not differ between old and new formulas.

2004 2006 2007 2008 2009 2010

Estimate
generated with
new cumulative 15,984 33,023 31,504 14,587 29,386 11,597

CPUE index (10,391/23,087) (20,491/40,518) (22,534/41,302) (9,298/21,447) | (18,082/36,753) | (n/a)
formulas

(min/max)®

Estimate
generated with
old cumulative 16,181 32,627 31,714 14,783 29,124 13,381

CPUE index (10,391/23,087) (26,895/40,518) (22,534/41,302) (9,298/21,447) | (23,732/36,753) | (n/2)
formulas
(min/max)P

Fishing Branch
River weir count
during 18,152 28,530 29,883 18,423 23,896 9,154
corresponding
period.

2 Assuming a long-term average travel time delay of 13 days between the CPUE index site and the Fishing Branch River weir.

b Note, to calculate the total run passing by the index site the CPUE estimate should be multiplied by 1.538 (assuming 65% of fish returning to
Fishing Branch River weir).

n/a = Due to switching between high and low water models, parameter estimates cannot be provided.

4.4 TAG RECOVERY RATES AND EFFECTS OF HIGH WATER LEVELS ON CHUM
SALMON

In 2010, a large number of tags were unaccounted for at the Fishing Branch River weir. The tag recovery
rate in 2010 (41%) was considerably less than the previously established average (65%). This suggests that a
large portion of fish that spawned in areas upstream of the Fishing Branch River weir in past years did not
do so in 2010. Because the total number of tags that were applied in 2010 (182) was much lower than in past

¢ The first three weeks of 2010 CPUE data were included in the development of the new high water CPUE model, the final week
of 2010 CPUE data was included in the development of the low water CPUE model.
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years, even a comparatively small change in total tag recoveries could cause a noticeable decrease in the tag
recovery rate at the Fishing Branch River weir (or vice-versa). This change in tag recovery rates may be due
to a number of factors.

The total number of tags that were applied in 2010 (182) was lower than past years and it is possible that
additional tags were recovered in the First Nation harvest and were not reported, but this number is likely
small and would not account for the drastic drop in tag recovery rates.

Another possibility is that when water levels are high, fall chum salmon preferentially utilize alternate
spawning locations that are not as heavily used during lower water levels. Although this occurrence has not
been studied in the Porcupine River watershed, chum salmon spawning in other locations have been shown
to exhibit such behavior (Shown to occur in Columbia River, when water levels below a dam go from 3.5 to
4.1-4.7, over 8 hours; Haskell et. al. 2009).

4.5 SEASONAL WATER LEVEL TRENDS

The water level conditions encountered during the 2010 CPUE index program differed from those
encountered during previous years of program operation (Figure 3). Although the relative levels were similar
to past years, the trend encountered in September 2010 was different. In previous years, water levels have
fluctuated throughout the month of September (within the same year); this was not the case in 2010. Water
levels in September 2010 showed a consistent decreasing trend throughout the month, with essentially no
deviation from this pattern.

The cumulative CPUE models have been developed based on differing amounts of water flow; however,
since the models are based on yearly data sets, temporal variations in flow are also reflected in model
estimates. The water level trend encountered in 2010 differs from past years. The predictive power of the
current cumulative CPUE models would benefit from additional years of similar data and will produce more
accurate estimates once this data is incorporated. Over the long term, the incorporation of data from
different flow regimes will make the cumulative CPUE models more applicable to a variety of flow regimes
and water levels.

The high water levels experienced by the field crew in 2010 (and 2009) suggest that high water events may
be more frequent than was previously thought. High water complicates the sampling program and likely the
level of certainty of estimates. The flow patterns of the sampling site change and a lower proportion of the
river is sampled by the gillnet. As such, estimates are based on small numbers of captures and each fish
captured changes the prediction considerably (as opposed to the low water model). Regardless, the
cumulative CPUE models appear to be reasonable methods for estimating the numbers of returning
Porcupine River fall chum salmon and understanding the dynamics of the run.
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5 CONCLUSIONS AND RECOMMENDATIONS

This was the second year of operation of the program as a CPUE index. The high water levels that occurred
during much of the project reduced the capture rates. This necessitated the use of the high water formula,
and likely increased the level of uncertainty of the index (compared to the low water level formula).
However, the data collected during this project contributed valuable information for the management of fall
chum salmon within the Porcupine River watershed, and provided valuable data to the water level models.
Incorporation of 2010 CPUE data into new models has provided more refined formulas that will be used
during future years of the CPUE program.

The tag recovery rates in 2010 were lower than the previously established average (65%). During the past
three years, the average tag recovery rate has been considerably lower than the established average (45, 35
and 41% in 2008, 2009 and 2010, respectively). The average tag recovery rate should be adjusted to more
accurately reflect these lower recovery rates. A new average tag recovery rate of 57% (based on tag
recoveries from 2003 to 2010) is likely more accurate and should be used inseason during future years to
provide a better run strength index of fall chum salmon passing the CPUE index site.

The refinements to the cumulative CPUE models developed in Section 4.3 should allow for reliable
inseason indices in future years. Some variability in the inseason index is expected given that the proportion
of chum salmon that return to the weir site is variable from year to year and this cannot be determined until
post season data is available. The index of the total number of chum passing the CPUE site (in addition to
the index of the number of fish expected to be headed to the Fishing Branch River weir) should be

considered during inseason evaluations.

The CPUE index program is still relatively new, and it must be recognized that each of the models are only
based on approximately three years of data. Of the two models, the high water model has more inherent
variability and the results are likely influenced by the magnitude of the water level (i.e. fish will be easier to
catch when water levels are 8.1 m compared to 10.0 m). Users of the data need to consider that there will
be some variability with these indices; however, the program will provide a valuable perspective on run size.
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Appendix A. CPUE Index Fishery Catches and Tag Recoveries

EDI Project #: 10-YC-0037 EDI ENVIRONMENTAL DYNAMICS INC. 29



2010 Porcupine River Fall Chum Salmon CPUE Index (CRE-27-10)

5 ‘ ) Fork Tag # R ) Adipose
ate Time | Species Sex | Length 30 Tag Date Date Recovery Location Punch
(cm) prefix) (Y/N)

8/31/2010 | 11:20 | Chum M 70 4165 | 8/31/2010 Y
8/31/2010 | 11:22 | Inconnu - 49 8/31/2010 N
8/31/2010 | 13:03 | Chum M 68 4166 | 8/31/2010 | 9/11/2010 | Fishing Branch Weir Y
8/31/2010 | 15558 | Chum M 69 4167 | 8/31/2010 Y
9/1/2010 | 10:26 Wif:fi Wl 52 9/1/2010 N
9/1/2010 | 10:29 | Chum M 70 4168 | 9/1/2010 | 9/12/2010 | Fishing Branch Weir Y
9/1/2010 | 10:32 |  Chum M 64 4169 | 9/1/2010 Y
9/1/2010 | 11:25 | Chum M 69 4170 | 9/1/2010 | 9/11/2010 | Fishing Branch Weir Y
9/1/2010 | 12:53 Wifg“fih - 45 9/1/2010 N
9/1/2010 15:54 Inconnu - 54 9/1/2010 N
9/1/2010 | 16:49 | Chum M 74 4171 | 9/1/2010 Y
9/1/2010 | 17:29 |  Chum M 73 4172 | 9/1/2010 | 9/12/2010 | Fishing Branch Weir Y
9/2/2010 | 11:59 | Chum M 63 4173 | 9/2/2010 | 9/17/2010 | Fishing Branch Weir Y
9/2/2010 | 12:02 | Chum M 71 4174 | 9/2/2010 | 9/13/2010 | Fishing Branch Weir Y
9/2/2010 13:07 Inconnu - 57 9/2/2010 N
9/2/2010 | 1522 | Chum M 67 4175 | 9/2/2010 Y
9/3/2010 | 1516 | Chum F 62 4176 | 9/3/2010 Y
9/3/2010 | 16:00 | Inconnu - 53 9/3/2010 N
9/3/2010 | 16:01 Chum F 63 4177 | 9/3/2010 Y
9/3/2010 | 16:40 | Chum M 68 4178 | 9/3/2010 Y
9/3/2010 | 19:05 | Chum M 63 4179 | 9/3/2010 Y
9/3/2010 | 19:05 | Chum M 68 4180 | 9/3/2010 | 9/17/2010 | Fishing Branch Weir Y
9/3/2010 | 19:05 | Chum F 60 4181 | 9/3/2010 | 9/14/2010 | Fishing Branch Weir Y
9/4/2010 | 10:27 | Chum M 59 4182 | 9/4/2010 | 9/16/2010 | Fishing Branch Weir Y
9/4/2010 | 10:28 | Chum M 67 4183 | 9/4/2010 Y
9/4/2010 | 11:19 Wifeﬁh - 49 9/4/2010 N
9/4/2010 | 11:51 Chum M 72 4184 | 9/4/2010 | 9/16/2010 | Fishing Branch Weir Y
9/4/2010 | 13:05 | Inconnu - 59 9/4/2010 N
9/4/2010 | 13:50 | Chum F 59 4185 | 9/4/2010 Y
9/4/2010 | 16:08 | Inconnu - 54 9/4/2010 N
9/4/2010 16:12 Inconnu - 54 9/4/2010 N
9/4/2010 | 16:54 | Chum F 64 4186 | 9/4/2010 Y
9/4/2010 | 17:44 | Chinook | M 74 9/4/2010 N
9/4/2010 | 17:45 | Chum M 68 4187 | 9/4/2010 Y
9/7/2010 | 15:02 | Chum F 59 4188 | 9/7/2010 Y
9/7/2010 | 17:33 | Chum | M 70 4189 | 9/7/2010 N/A* Vum;itsfgf;“hm Y
9/7/2010 | 18:07 | Chum F 63 4190 | 9/7/2010 Y
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Fork Tag # Adipose
Recovery
Date Time Species Sex | Length B0 Tag Date Date Recovery Location Punch
(cm) prefix) Y/N)
9/7/2010 | 20:01 Chum M 68 4191 9/7/2010 Y
9/7/2010 | 20:05 Chum F 62 4192 | 9/7/2010 Y
9/7/2010 | 20:07 | Chum M 65 4193 | 9/7/2010 Y
9/7/2010 | 20:32 |  Chum M 61 4246 | 9/7/2010 Y
9/8/2010 | 9:36 | Tnconnu : 46 9/8/2010 N
9/8/2010 | 9:39 Chum M 66 4195 | 9/8/2010 Y
9/8/2010 | 10:19 Chum M 62 4196 | 9/8/2010 Y
9/8/2010 | 12:03 | Chum F 59 4197 | 9/8/2010 Y
9/8/2010 | 14:10 | Chum M 63 4198 | 9/8/2010 Y
9/8/2010 | 15:11 | Tnconnu : 40 9/8/2010 N
9/8/2010 | 16:43 Chum F 65 4199 | 9/8/2010 Y
9/9/2010 | 11:12 |  Chum F 59 4200 | 9/9/2010 Y
Broad
9/9/2010 | 1317 | (L | - 47 9/9/2010 N
9/9/2010 | 13:19 Chum M 69 4201 9/9/2010 Y
Broad
9/9/2010 | 1522 | (L | - 48 9/9/2010 N
9/9/2010 | 1524 | Tnconnu - 63 9/9/2010 N
9/10/2010 | 9:40 Chum M 66 4202 | 9/10/2010 Y
9/10/2010 | 9:44 Chum F 57 4203 | 9/10/2010 Y
9/10/2010 | 10:30 | Tnconnu : 47 9/10/2010 N
9/10/2010 | 11:07 |  Chum M 73 4204 | 9/10/2010 Y
9/10/2010 | 13:03 | Chum F 62 4205 | 9/10/2010 Y
Broad
9/10/2010 | 15:30 | (1| - 30 9/10/2010 N
9/10/2010 | 16:37 Chum M 67 4206 | 9/10/2010 Y
9/11/2010 | 10:04 | Chum M 74 4207 | 9/11/2010 Y
9/11/2010 | 10:46 | Chum M 67 4208 | 9/11/2010 Y
Broad
9/11/2010 | 1132 | (e | - 37 9/11/2010 N
9/11/2010 | 12:30 |  Chum M 7 4209 | 9/11/2010 Y
9/11/2010 | 13:55 | TInconnu : 44 9/11,/2010 N
injured
9/11/2010 | 14:53 Chum M 72 fish, no | 9/11/2010 Y
tag
9/11/2010 | 14:57 | Northern : 52 9/11/2010 N
Pike
9/11/2010 | 16:33 Chum F 61 4210 | 9/11/2010 Y
9/11/2010 | 16:37 | Chum F 64 211 | 9/11/2010 Y
9/14/2010 | 16:17 |  Chum M 66 4212 | 9/14/2010 Y
9/14/2010 | 17:19 |  Chum M 70 4213 | 9/14/2010 N/A* Vunt;itsi‘;’;“hm Y
9/14/2010 | 17:20 |  Chum F 59 4214 | 9/14/2010 Y
9/15/2010 | 10:55 | Chum M 67 4215 | 9/15/2010 N/A* Vunt;;fe‘gtChln Y
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) ) Fork Tag # R ) Adipose

Date Time Species Sex | Length B0 Tag Date Date Recovery Location Punch

(cm) prefix) Y/N)
9/15/2010 | 1948 | Chum | M | 66 4216 | 9/15/2010 | N/A* V“m;itsfgf;“hm Y
9/15/2010 | 19:21 Chum F 60 4217 9/15/2010 Y
9/16/2010 | 14:15 Chum F 60 4194 9/16/2010 Y
9/16/2010 | 14:16 Chum M 76 4218 9/16/2010 9/30/2010 Fishing Branch Weir Y
9/17/2010 | 16:10 Chum M 66.5 4219 9/17/2010 | 9/29/2010 | Fishing Branch Weir Y
9/17/2010 | 16:12 Chum F 58 4220 9/17/2010 10/4/2010 Fishing Branch Weir Y
9/17/2010 | 14:13 Chum M 68 4221 9/17/2010 Y
9/17/2010 | 14:15 Chum M 67 4222 9/17/2010 Y
9/17/2010 | 14:16 Chum M 67 4223 9/17/2010 10/6/2010 Fishing Branch Weir Y
9/17/2010 | 14:20 Chum M 71 4224 9/17/2010 Y
9/17/2010 | 14:21 Chum M 67 4225 9/17/2010 Y
9/17/2010 | 14:22 Chum M 64 4226 9/17/2010 Y
9/17/2010 | 14:23 Chum M 74 4227 9/17/2010 Y
9/17/2010 | 15:26 Chum F 61 4228 9/17/2010 Y
9/17/2010 | 15:29 Chum M 69 4230 9/17/2010 Y
9/17/2010 | 15:30 Chum M 69 4231 9/17/2010 Y
9/17/2010 | 15:32 Chum M 68 4232 9/17/2010 Y
9/17/2010 | 16:29 Chum M 58.5 4233 9/17/2010 10/4/2010 Fishing Branch Weir Y
9/17/2010 | 16:31 Chum M 65 4234 9/17/2010 10/2/2010 Fishing Branch Weir Y
9/17/2010 | 16:35 Chum F 61 4235 9/17/2010 Y
9/17/2010 | 16:37 Chum M 70.5 4236 9/17/2010 Y
9/17/2010 | 17:37 Chum M 70 4237 9/17/2010 | 9/30/2010 | Fishing Branch Weir Y
9/17/2010 | 17:39 Chum M 68 4238 9/17/2010 10/2/2010 Fishing Branch Weir Y
9/17/2010 | 17:41 Chum M 65 4239 9/17/2010 Y
9/17/2010 | 17:43 Chum F 60 4240 9/17/2010 10/8/2010 Fishing Branch Weir Y
9/17/2010 | 17:44 Chum M 67 4241 9/17/2010 10/1/2010 Fishing Branch Weir Y
9/17/2010 | 17:45 Chum F 61 4242 9/17/2010 Y
9/17/2010 | 17:47 Chum M 78 4243 9/17/2010 Y
9/17/2010 | 17:49 Chum M 67 4244 9/17/2010 | 9/30/2010 | Fishing Branch Weir Y
9/17/2010 | 19:00 Chum F 67 4245 9/17/2010 10/1/2010 Fishing Branch Weir Y
9/17/2010 | 19:02 Chum F 64 4248 9/17/2010 Y
9/17/2010 | 19:04 Chum M 70 4249 9/17/2010 Y
9/17/2010 | 19:05 Chum M 60 4250 9/17/2010 Y
9/17/2010 | 19:07 Chum M 66 4251 9/17/2010 | 10/4/2010 | Fishing Branch Weir Y
9/17/2010 | 19:09 Chum M 70 4252 9/17/2010 10/2/2010 Fishing Branch Weir Y
9/17/2010 | 19:11 Chum M 66 4253 9/17/2010 10/4/2010 Fishing Branch Weir Y
9/17/2010 | 19:12 Chum F 66 4254 9/17/2010 Y
9/17/2010 | 19:13 Chum M 68 4255 9/17/2010 Y
9/17/2010 | 20:05 Chum M 68 4257 9/17/2010 | 10/4/2010 | Fishing Branch Weir Y
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) ) Fork Tag # R ) Adipose
Date Time Species Sex | Length B0 Tag Date Date Recovery Location Punch
(cm) prefix) Y/N)
9/17/2010 | 20:08 | Chum M 66 4258 | 9/17/2010 Y
9/18/2010 | 10:10 | Chum M 67 4259 | 9/18/2010 N/A* Vum;itsg’e‘z’;“hm Y
9/18/2010 | 10:12 | Chum F 59 4260 | 9/18/2010 Y
9/18/2010 | 10:14 | Chum M 72 4261 | 9/18/2010 Y
9/18/2010 | 10:16 | Chum M 69 4262 | 9/18/2010 Y
9/18/2010 | 10:18 | Chum M 61 4263 | 9/18/2010 Y
9/18/2010 | 10:20 | Chum M 68 4264 | 9/18/2010 Y
9/18/2010 | 10:21 Lgﬂfﬁ;“ - 43 9/18/2010 -
9/18/2010 | 11:14 | Chum M 66 4265 | 9/18/2010 Y
9/18/2010 | 11:16 | Chum | M 60 4266 | 9/18/2010 | N/A* V“m;itsfgf;“hm Y
9/18/2010 | 12:24 | Chum F 68 4267 | 9/18/2010 | 10/2/2010 | Fishing Branch Weir Y
9/18/2010 | 12:25 | Chum M 64 4268 | 9/18/2010 | 10/1/2010 | Fishing Branch Weir Y
9/18/2010 | 12:27 | Chum M 68 4269 | 9/18/2010 N/A* Vum;itsg’e‘z’;“hm Y
9/18/2010 | 12:28 | Chum M 65 4270 | 9/18/2010 | 10/12/2010 | Fishing Branch Weir Y
9/18/2010 | 12:30 | Chum M 56 4271 | 9/18/2010 Y
9/18/2010 | 1231 | Chum F 77 4272 | 9/18/2010 Y
9/18/2010 | 12:34 | Chum M 57 4273 | 9/18/2010 Y
9/18/2010 | 12:35 | Chum F 78 4274 | 9/18/2010 Y
9/18/2010 | 12:36 | Chum M 64 4275 | 9/18/2010 Y
9/18/2010 | 12:40 | Chum F 72 4276 | 9/18/2010 N/A* Vum;itsg’e‘z’;“hm Y
9/18/2010 | 12:42 |  Chum M 72 4277 | 9/18/2010 Y
9/18/2010 | 12:43 | Chum F 64 4278 | 9/18/2010 Y
9/18/2010 | 12:44 |  Chum F 59 4279 | 9/18/2010 Y
9/18/2010 | 14:10 |  Chum M 64 4280 | 9/18/2010 Y
9/18/2010 | 14:12 | Chum F 61 4281 | 9/18/2010 Y
9/18/2010 | 14:17 | Chum F 58 4282 | 9/18/2010 Y
9/18/2010 | 14:18 | Chum M 79 4283 | 9/18/2010 Y
9/21/2010 | 15:17 | Chum M 69 4284 | 9/21/2010 Y
9/21/2010 | 15:20 | Chum M 65 4285 | 9/21/2010 Y
9/21/2010 | 1521 | Chum M 67 4286 | 9/21/2010 N/A* Vum;;f;}f“hi“ Y
9/21/2010 | 16:25 | Chum F 58 4287 | 9/21/2010 Y
9/21/2010 | 16:29 | Chum F 66 4288 | 9/21/2010 Y
9/21/2010 | 16:31 | Chum M 58 4280 | 9/21/2010 Y
9/21/2010 | 16:33 | Chum F 66 4200 | 9/21/2010 | 10/6/2010 | Fishing Branch Weir Y
9/21/2010 | 16:37 | Chum F 67 4291 | 9/21/2010 | 10/9/2010 | Fishing Branch Weir Y
9/21/2010 | 17:40 | Chum F 58 4202 | 9/21/2010 | 10/7/2010 | Fishing Branch Weir Y
9/21/2010 | 17:41 | Chum M 73 4293 | 9/21/2010 Y
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) ) Fork Tag # R ) Adipose
Date Time Species Sex | Length B0 Tag Date Date Recovery Location Punch
(cm) prefix) Y/N)
9/21/2010 | 19:00 | Chum M 67 4294 | 9/21/2010 Y
9/21/2010 | 19:03 | Chum M 62 4295 | 9/21/2010 Y
9/21/2010 | 19:45 |  Chum M 71 4296 | 9/21/2010 Y
9/21/2010 | 19:48 |  Chum F 63 4297 | 9/21/2010 | 10/9/2010 | Fishing Branch Weir Y
9/21/2010 | 19:52 |  Chum M 67 4298 | 9/21/2010 Y
9/22/2010 | 11:44 |  Chum M 70 4299 | 9/22/2010 Y
9/22/2010 | 13:49 | Chum M 68 4300 | 9/22/2010 Y
9/22/2010 | 13:52 | Chum M 65 4301 | 9/22/2010 Y
9/22/2010 | 13:54 | Chum M 69 4302 | 9/22/2010 | 10/7/2010 | Fishing Branch Weir Y
9/22/2010 | 13:56 | Chum M 65 4303 | 9/22/2010 Y
9/22/2010 | 13:59 | Chum | M 64 4304 | 9/22/2010 | N/A* Vum;itsi‘f;“hm Y
9/22/2010 | 15:09 | Chum M 67 4305 | 9/22/2010 Y
9/22/2010 | 15:10 | Chum M 68 4306 | 9/22/2010 | 10/6/2010 | Fishing Branch Weir Y
9/22/2010 | 1511 | Chum M 65 4307 | 9/22/2010 Y
9/22/2010 | 1512 | Chum F 57 4308 | 9/22/2010 Y
9/22/2010 | 16:17 | Chum M 63 4309 | 9/22/2010 Y
9/22/2010 | 16:20 | Chum M 76.5 4310 | 9/22/2010 Y
9/22/2010 | 16:26 |  Chum M 70.5 4311 | 9/22/2010 Y
9/22/2010 | 16:28 | Chum F 61 4312 | 9/22/2010 N/A* V“m;itsfe‘f;“hin Y
9/22/2010 | 16:29 |  Chum M 56 4313 | 9/22/2010 Y
9/22/2010 | 16:35 | Chum M 66 4314 | 9/22/2010 Y
9/22/2010 | 17:53 | Chum F 60 4315 | 9/22/2010 | N/A* V“m;itsfgf;“hm Y
9/22/2010 | 17:55 | Chum F 68 4316 | 9/22/2010 | 10/12/2010 | Fishing Branch Weir Y
9/22/2010 | 17:57 | Chum M 68 4317 | 9/22/2010 Y
9/22/2010 | 17:58 | Chum M 66 4318 | 9/22/2010 | 10/9/2010 | Fishing Branch Weir Y
9/22/2010 | 17:59 | Chum M 71 4319 | 9/22/2010 | 10/10/2010 | Fishing Branch Weir Y
9/23/2010 | 10:58 |  Chum M 59 4320 | 9/23/2010 Y
9/23/2010 | 11:49 | Chum M 69 4321 | 9/23/2010 Y
9/23/2010 | 12:40 |  Chum F 57 4322 | 9/23/2010 | 10/11/2010 | Fishing Branch Weir N
9/23/2010 | 13:38 | Chum M 67 4323 | 9/23/2010 Y
9/23/2010 | 15:05 | Chum F 66 4324 | 9/23/2010 Y
9/23/2010 | 16:01 | Chum M 64 4325 | 9/23/2010 | 10/7/2010 | Fishing Branch Weir Y
9/23/2010 | 17:02 |  Chum F 63 4326 | 9/23/2010 N/A* V““t;;f;;t‘:hi“ Y
9/24/2010 | 10:14 | Chum | M 70 4327 | 9/24/2010 | N/A* Vum;itsi‘g“hm Y
9/24/2010 | 11:05 | Chum M 68 4328 | 9/24/2010 Y
9/24/2010 | 11:07 | Chum M 75 4329 | 9/24/2010 Y
9/24/2010 | 12:25 | Chum M 64 4330 | 9/24/2010 Y
9/24/2010 | 12:26 |  Chum M 65 4331 | 9/24/2010 Y
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2010 Porcupine River Fall Chum Salmon CPUE Index (CRE-27-10)

) ) Fork Tag # R ) Adipose
Date Time Species Sex | Length B0 Tag Date Date Recovery Location Punch
(cm) prefix) Y/N)
9/24/2010 | 1227 | Chum M 61 4332 | 9/24/2010 Y
9/24/2010 | 18:04 | Chum M 66 4333 | 9/24/2010 | 10/12/2010 | Fishing Branch Weir Y
9/24/2010 | 18:06 | Chum F 63 4334 | 9/24/2010 Y
9/24/2010 | 18:07 | Chum M 65 4335 | 9/24/2010 Y
9/24/2010 | 18:09 | Chum M 68 4336 | 9/24/2010 Y
9/24/2010 | 19:12 |  Chum M 68 4337 | 9/24/2010 Y
9/24/2010 | 19:15 | Chum M 70 4338 | 9/24/2010 Y
9/24/2010 | 20:44 |  Chum M 69 4339 | 9/24/2010 Y
9/24/2010 | 20:47 | Chum M 64 4340 | 9/24/2010 N/A* V“m;itsi‘f;“hm Y
9/24/2010 | 20:51 |  Chum M 61 4341 | 9/24/2010 N/A* V“m;itsfgf;“hm Y
9/24/2010 | 20:53 | Chum M 61 4342 | 9/24/2010 Y
9/24/2010 | 20:54 |  Chum M 70 4343 | 9/24/2010 Y
9/24/2010 | 20:56 |  Chum M 63 4344 | 9/24/2010 Y
9/25/2010 | 9:04 | Chum M 67 4345 | 9/25/2010 Y
9/25/2010 | 11:07 | Chum | M 66 4346 | 9/25/2010 | N/A* V“m;;fe‘:;“hm Y
9/25/2010 | 12:08 | Chum M 75 4347 | 9/25/2010 Y
9/25/2010 | 14:02 | Chum M 62 4348 | 9/25/2010 Y

*Tag recovery date not available for tags recovered from Vuntut Gwitchin Fishery
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Appendix B. Porcupine River Raw Water Levels, 2004-2010

EDI Project #: 10-YC-0037 EDI ENVIRONMENTAL DYNAMICS INC. 30



2010 Porcupine River Fall Chum Salmon CPUE Index (CRE-27-10)

Average Daily Water Level (m)

2004 2005 2006 2007 2008 2009 2010
1-Sep 7.05 7.291 9.165 7.435 7.618 9.104 9.162
2-Sep 7.028 7.276 9.001 7.394 7.584 9.372 9.034
3-Sep 7.013 7.232 8.862 7.363 7.538 9.716 8.894
4-Sep 7.002 7.199 8.798 7.326 7.484 9.829 8.767
5-Sep 6.996 7.181 8.914 7.291 7.429 9.686 8.662
6-Sep 7.022 7.168 9.126 7.267 7.389 9.41 8.562
7-Sep 7.062 7.179 9.155 7.247 7.343 9.113 8.478
8-Sep 7.096 7.224 9.036 7.224 7.303 8.849 8.43
9-Sep 7.104 7.283 8.884 7.208 7.275 8.648 8.394
10-Sep 7.115 7.339 8.761 7.196 7.244 8.489 8.367
11-Sep 7.103 7.413 8.679 7.174 7.222 8.346 8.347
12-Sep 7.084 7.46 8.94 7.158 7.211 8.225 8.321
13-Sep 7.059 7.528 9.971 7.163 7.201 8.126 8.29
14-Sep 7.038 7.585 10.123 7.157 7.188 8.067 8.252
15-Sep 7.028 7.663 9.922 7.146 7.189 8.025 8.208
16-Sep 7.004 7.779 9.65 7.151 7.207 8.005 8.167
17-Sep 6.986 7.875 9.369 7.169 7.245 8.014 8.123
18-Sep 6.967 7.971 9.1 7.189 7.323 8.09 8.071
19-Sep 6.932 7.993 8.876 7.206 7.395 8.173 8.026
20-Sep 6.909 7.964 8.688 7.236 7.427 8.226 7.986
21-Sep 6.895 7.941 8.539 7.243 7.43 8.666 7.945
22-Sep 6.88 7.95 8.419 7.238 7.43 9.469 7.912
23-Sep 6.862 7.99 8.332 7.223 7.538 9.492 7.88
24-Sep 6.871 8.006 8.267 7.204 7.958 9.241 7.846
25-Sep 6.873 8.091 8.223 7.194 8.318 8.964 7.804
26-Sep 6.829 8.321 8.266 7.169 8.455 8.748 7.746
27-Sep 6.849 8.546 8.428 7.144 8.383 8.583 7.702
28-Sep 6.849 8.738 8.69 7.116 8.286 8.434 7.65
29-Sep 6.927 8.775 8.712 7.085 8.175 8.275 7.569
30-Sep 6.911 8.646 8.658 7.064 8.045 8.121 7.44
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Appendix C. Travel Times of Tagged Chum Salmon between the CPUE Index
Site and the Fishing Branch River Weir
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2010 Porcupine River Fall Chum Salmon CPUE Index (CRE-27-10)

Travel Time

Species Tag # Tag Date Recovery Date days kn/day
Chum 4166 8/31/2010 9/11/2010 11.00 34.18
Chum 4168 9/1/2010 9/12/2010 11.00 34.18
Chum 4170 9/1/2010 9/11/2010 10.00 37.60
Chum 4172 9/1/2010 9/12/2010 11.00 34.18
Chum 4173 9/2/2010 9/17/2010 15.00 25.07
Chum 4174 9/2/2010 9/13/2010 11.00 34.18
Chum 4180 9/3/2010 9/17/2010 14.00 26.86
Chum 4181 9/3/2010 9/14/2010 11.00 34.18
Chum 4182 9/4/2010 9/16/2010 12.00 31.33
Chum 4184 9/4/2010 9/16/2010 12.00 31.33
Chum 4218 9/16/2010 9/30/2010 14.00 26.86
Chum 4219 9/17/2010 9/29/2010 12.00 31.33
Chum 4220 9/17/2010 10/4/2010 17.00 22.12
Chum 4223 9/17/2010 10/6/2010 19.00 19.79
Chum 4233 9/17/2010 10/4/2010 17.00 2212
Chum 4234 9/17/2010 10/2/2010 15.00 25.07
Chum 4237 9/17/2010 9/30/2010 13.00 28.92
Chum 4238 9/17/2010 10/2/2010 15.00 25.07
Chum 4240 9/17/2010 10/8/2010 21.00 17.90
Chum 4241 9/17/2010 10/1/2010 14.00 26.86
Chum 4244 9/17/2010 9/30/2010 13.00 28.92
Chum 4245 9/17/2010 10/1/2010 14.00 26.86
Chum 4251 9/17/2010 10/4/2010 17.00 22.12
Chum 4252 9/17/2010 10/2/2010 15.00 25.07
Chum 4253 9/17/2010 10/4/2010 17.00 22.12
Chum 4257 9/17/2010 10/4/2010 17.00 22.12
Chum 4267 9/18/2010 10/2/2010 14.00 26.86
Chum 4268 9/18/2010 10/1/2010 13.00 28.92
Chum 4270 9/18/2010 10/12/2010 24.00 15.67
Chum 4290 9/21/2010 10/6/2010 15.00 25.07
Chum 4291 9/21/2010 10/9/2010 18.00 20.89
Chum 4292 9/21/2010 10/7/2010 16.00 23.50
Chum 4297 9/21/2010 10/9/2010 18.00 20.89
Chum 4302 9/22/2010 10/7/2010 15.00 25.07
Chum 4306 9/22/2010 10/6/2010 14.00 26.86
Chum 4316 9/22/2010 10/12/2010 20.00 18.80
Chum 4318 9/22/2010 10/9/2010 17.00 2212
Chum 4319 9/22/2010 10/10/2010 18.00 20.89
Chum 4322 9/23/2010 10/11/2010 18.00 20.89
Chum 4325 9/23/2010 10/7/2010 14.00 26.86
Chum 4333 9/24/2010 10/12/2010 18.00 20.89

*An additional twenty tags were observed but not recovered.
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