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ABSTRACT

Initiated in 2015, this project aims to assess the relationship between juvenile Chinook salmon and adult
spawners in the Big Salmon River system. Fisheries and Oceans Canada and Metla Environmental
conducted a juvenile mark-recapture study via rotary screw trap (RST), beach seine and Gee trap in the
Big Salmon River between May 12th and August 18th, 2017. During this period 8,920 juvenile Chinook
salmon were captured. Length and weight data was collected from a sub-sample of juveniles in addition
to tissue samples and scale smears for future genetic and age analyses. The 2017 season saw fewer 0+
recaptures than previous years, but was successful in capturing nearly three times more age 1+ than in
2016 (2,917 and 1,089 respectively). In 2017, length data showed discrete separation between age 0+
and 1+ juveniles until July 10th. The first emerging 0+ fish were captured on May 14th and length data
suggests emergence was complete by mid to late-June.
Non-diagonal Bayesian time stratified-Peterson population analysis was used to generate estimates of
juvenile abundance using RST recaptures. Abundance estimates of 611,571 age 1+ and 479,627 age 0+
juveniles were generated for 2017 data. Using three years of data an average production of 154 0+
juvenile per adult female and 125 1+ juveniles per adult female was estimated for the Big Salmon River
System. However, we do not expect these production estimates to represent the entire watershed
production as sampling measures partial juvenile abundance. In addition, we expect genetic analyses to
confirm that a proportion of sampled 1+ juveniles will be non-natal to the Big Salmon drainage. These
preliminary juvenile abundance estimates are within an acceptable range when compared to
documented ratios of spawner-to-juvenile survival, are encouraging and warrant further study. The
establishment of long term datasets will contribute to our understanding of factors which drive or limit
production, and help resolve how inter-annual variability in spawning escapement and environmental
conditions influence juvenile survival.
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INTRODUCTION

There is a significant gap in our knowledge of early life-history and survival of Chinook salmon
(Oncorhynchus tshawytscha) in Yukon and Alaska. Variation in early fresh water survival may have a
large influence on adult returns within the Yukon River drainage (see Murphy et al., 2016). While
assessing adult salmon stock provides valuable information on returns for managing fisheries, a greater
understanding of the link between adult spawner abundance and and juvenile survival can help identify
limits to production and develop approaches to restoring and managing Canadian-origin Chinook salmon
in the Upper-Yukon River.
Yukon River Chinook salmon are considered to be stream type, typically spending one year in fresh
water after emergence from the gravel, before migrating to the Bering Sea. After emergence, juveniles
(age 0+) are thought to move downstream as they disperse into downstream rearing areas immediately
following emergence (Healey 1991). A secondary downstream redistribution in June and July has been
reported within the Yukon River and fall redistribution to overwintering habitat is thought to occur;
however, no systematic sampling has been conducted immediately prior to freeze up (Bradford et al.
2009). As a result, juveniles can rear overwinter in a variety of habitats at great distances from natal
streams (Bradford et al. 2009, Daum & Flannery 2011). The mechanism which determines whether 0+
juveniles remain in their natal streams or rear elsewhere is not well understood, and probably varies
regionally with environmental conditions and juvenile density (Von Finster et al. 1988). Seaward
outmigration occurs the following spring when yearling juveniles (age 1+) begin their seaward
outmigration.
This project aims to quantify the relationship between juvenile Chinook salmon and adult spawners in
the Big Salmon River system and represents an opportunity to examine Chinook juvenile characteristics
at an unprecedented scale in the Yukon River. The challenge in large, open systems such as the Big
Salmon is finding a method that allows for a reliable and consistent estimation of the number of
juveniles produced. This study uses Bayesian time-stratified Peterson population (BTSPAS) models to
generate estimates of juvenile abundance using rotary screw trap (RST) capture and recapture data.
BTSPAS models generate abundance estimates while compensating for differences in effort (time fished)
or capture efficiency across a season, and have been used to estimate outmigrating juvenile Chinook in
other systems (i.e. Schwarz et al. 2009). Pairing this analysis with an existing adult enumeration sonar
operation (CRE-41-17 allows for direct comparisons between the abundance of spawning Chinook
salmon and the resultant abundance of out migrating juveniles the following year within the Big Salmon
River).
The specific objectives of this report are to summarize our 2017 season and to:
1. Identify the timing of emergence (0+) and outmigration (1+) of juvenile Chinook salmon.
2. Examine juvenile length, weight, growth, and body condition in 2015, 2016, and 2017.
3. Estimate 2015, 2016, and 2017 juvenile abundance using time stratified population
analysis, and relate these estimates to the escapement of brood year adult abundance.
4. Examining how environmental variables influence and relate to the objectives 1-3.
Going forward, this study also aims to refine juvenile size-to-age relationships using scale data, and
determine proportions of non-natal juveniles (primarily 1+) and population diversity using genetic data.
This project has been funded by the Yukon River Panel R&E fund since 2015 and is run in partnership
with Metla Environmental. Fieldwork was performed on the Big Salmon River at 61°52.9’ N. and 134°
CRE-26-17
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53.1’ W, approximately 1.5km upstream of its confluence with the Yukon River (Figure 1). The field site
is accessible by boat from Little Salmon Village or by floatplane. Camp facilities and technical support
are provided by Metla Environmental, who also operates an annual sonar program which has generated
estimates of adult Chinook escapement since 2005 (Mercer& Wilson 2018).

METHODS
CAPTURE
The mark-recapture season ran from May 12th to Aug 18th, 2017. The season started approximately one
week before the 2015 and one week after the 2016 start dates. Intentions to start the season earlier
than 2016 to increase the likelihood of capturing 1+ juveniles were not realized due to environmental
factors limiting access to the study area (e.g. shelf ice). Three methods were used to capture juveniles;
rotary screw trapping (RST), Gee trapping, and beach seining. The research season was divided into
three different sampling periods in which effort concentrated on different capture methods in order to
maximize juvenile captures and lower fish mortality during capture. Sampling periods were established
using catch records from previous years to optimize capture of both 0+ and 1+ juveniles and minimize
ineffective sampling effort. The timing of sampling periods was also adjusted in season based on
environmental factors and observed mortalities. The RST was the only capture method used to for the
duration of the season.
Table 1. Sampling periods and capture methods used

Sampling Period
May 12 to May 22
May 23 to June 28
June 29 to August 18

Methods Used
RST + Gee Trapping
RST + Seining
RST + Gee Trapping + Intermittent Seining

Rotary Screw Traps
A 2.4m diameter RST was installed on the river-left bank of the Big Salmon River on May 12th
approximately 100 m upstream of the sonar weir. The position of the RST was adjusted periodically with
water level and conditions. The RST trap box was inspected and cleaned twice each day at 8:00 and
15:30. RST CPUE was calculated as the total capture of juvenile Chinook salmon per 24 hours fished.
CPUE was calculated by date, meaning that activity after midnight counted towards fishing effort on the
following day.
Gee Traps
Paired fine (1/8” mesh) and coarse (1/4” mesh) Gee traps were deployed at up to 19 locations along the
Big Salmon River. Traps were baited with preserved roe and checked once daily. CPUE was calculated by
dividing the total number of Chinook captured by the number of hours fished, and multiplying this by 24
to calculate catch per trap day.
Beach Seining
The primary objective of beach seining was to increase the number of juveniles available for marking
and releasing across the study period. Due to inconsistencies in seine net length, distance seined, and
application (i.e. targeting pools versus seining along the shoreline), CPUE was not evaluated for seine
data. Beach seining was conducted using ¼ inch mesh beach seines that were 15 or 50 feet in length.
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Environmental data
Environmental data that may help describe juvenile habitat quality and capture were collected over the
course of the project. Water velocity, visibility, temperature, level (staff gauge readings), and depth
under the RST barrel were measured twice daily.
SAMPLING
Fork length and weight data was collected on all the 1+ juveniles and up to a daily maximum of a
hundred 0+ juveniles. Length and weight data was used to calculate body condition using Fulton’s
condition factor K (Ricker, 1975) where:
𝐾𝐾 =

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 (𝑔𝑔)
𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ (𝑐𝑐𝑐𝑐)3

∗ 100

Age was determined in field using a length cut-off threshold of 55mm from the start of the season to
June 10th. This threshold was determined from length frequency distributions in the 2016 report. Ages
after June 10th were classified post-season after examination of length frequency distributions.
In 2017, 434 genetic samples (left pelvic fin clip) and 579 scale smears were collected for future analysis.
MARKING
All captured Chinook were marked prior to release upstream using Visual Implant Elastomer (VIE). All
1+ were marked by VIE under the skin on the left side of the dorsal, and all the 0+ were marked by VIE
under the skin of the nose after fish were anaesthetized with MS-222. Nose marks were single or double
(in parallel lines). Double nose marks frequently appear as a V and are referred to hereafter as “V nose”
marks. In the 2017 marking groups were predetermined and changed every week (Appendix 5). The only
exception was the first 0+ marking group which covered a two-week period because of the low number
of 0+ juveniles captured during this time.
New captures were held for a maximum of one night in perforated five gallon buckets (0+ and 1+ kept
separate) behind the RST before release the next day. Chinook were released at a site proximately 3km
upstream of the RST. This was the same release site that was used at the end of the 2016 season.
Recaptured Chinook salmon were released at the site of recapture (beach seine and Gee trap
recaptures) or below the RST (RST recaptures).
ESTIMATING ABUNDANCE
A primary goal is of this project is to contribute to the understanding of the relationship between the
number of juvenile Chinook salmon produced from a known abundance of adult spawners. We used a
Bayesian time stratified-Peterson population analysis model to estimate the number of outmigrating
juvenile Chinook using RST recaptures (see Schwarz et al. 2009). This model produces estimates of
abundance stratified over user-defined time periods (hereafter referred to as “strata”). This analysis
assumes that capture probability is uniform within each stratum but allows for capture probability to
vary across the season (e.g. with fluctuations in river condition; Schwarz et al. 2009). Time stratified
analysis also assumes the population is closed in each time stratum (i.e. no fish enter or leave the
population between the release and capture sites; Schwarz et al. 2009), which is more versatile for
estimating abundance in a system with outmigration than pooled models (which assume a closed
population for the entire season; Schwarz et al. 2009).
In 2017, each strata lasted 14 days (two statistical weeks or marking groups). Since the analysis
incorporates effort over each stratum, it compensates for periods when the RST was not fishing due to
high water events, or during periods of outmigration within a strata that were not sampled (i.e. before
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or after the sampling season). In 2017 stratified estimates represent biweekly abundance estimates.
The 2017 1+ abundance estimates were made using diagonal estimation as all recaptures were caught
within the same time strata they were released. The 2017 0+ abundance estimate was generated using
non-diagonal estimation, which assumes marked fish linger in the system and are caught in various
subsequent time strata following their release. Since the same mark was applied to all juveniles after
June 10th 2017 all new captures and recaptures marked after June 10th were to be considered to be 0+ in
BTSPAS models. Models were run in R 3.2.2 with the package “BTSPAS” (Bonner & Schwarz 2014,
Schwarz et al. 2009).

Figure 1. Map showing location of the RST, Gee traps, seining sites, and release sites.

RESULTS AND DISCUSSION
CAPTURE
A total of 9,078 juvenile Chinook salmon and 2,090 freshwater species (Appendix 11) were captured in
2017. The RST accounted for the majority of captures, followed by beach seining and Gee captures
(Table 2, Figure 2). A reduction in seining and gee trapping effort may have contributed to fewer 0+
captures in the 2017 season than previous years. Despite starting the season 7 day later then in 2016,
the number of 1+ captured was approximately three times higher. This could indicate a delayed outward
migration of 1+ resulting from low water levels and a late freshet in 2017, and is also likely related to the
higher adult spawner abundance observed for the 2017 1+ brood year (2015).
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Table 2. Total captures by method, age, and year.

0+
1+
Method 2015
2016 2017 2015 2016
Gee
4997
3630
745
15
206*
RST
1916
2998 2936
61
879
Seine
3905
5275 2322
7
4
Dip Net
147
N/A
N/A
15
N/A
Total
10965 11903 6003
98
1089
* Includes a residual 2+ (non-migratory) Chinook

2017
1
2824
92
N/A
2917

Total
2015
2016
5012
3836
1977
3877
3912
5279
162
N/A
11063 12992

2017
746
5760
2414
N/A
8920

Figure 2. Length of juvenile Chinook sampled in 2017 for (a) all, (b) Gee, (c) RST, and (d) Seine captures.
Estimated ages are shown in gray (0+), and black (1+).
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Age Classification
In 2017 a length cut-off-threshold of 55mm was set at the start of the season to determine 0+ and 1+
age classes in the field until June 10th. This threshold proved to hold up to the June 10th date upon postseason review. During the post-season review of length distribution data we classified 54 juveniles
captured between June 11th and July 10th as age 1+ (see Appendix 1). This was possible because the
length distributions of 0+ and 1+ were more distinct than in previous seasons (see Appendix 2, Figure 2).
Future analysis of scale data will allow us to correlate age and length information to confirm our 0+ and
1+ length classifications.
Since length was not measured on all Chinook this season, the age of 1,021 juveniles was inferred
visually by technicians before the June 10th cut-off. After June 10th only 662 fish were aged visually.
Emergence and Outmigration
Chinook less than 40 mm in length, the size of newly emerged juveniles, as well as juveniles with visible
yolk sacks, were captured between May 14th and June 21th, 2017. These dates fall within the same
timing as the past years of this study as shown in Figure 3. This indicates that the emergence occurs
between early May and late June (Stat weeks 19-27). It also indicates seasonal variation between years.

Figure 3. Frequency distribution of emergent 0+ (<40mm) by statistical week 2015-2017.

Age 1+ juveniles were captured at project onset in all years. Length data suggests that 1+ outmigration
was mostly complete, or indistinguishable from age 0+ salmon, by the second week of June in both the
2015 & 2016 seasons. In the 2017 season, the 1+ outmigration, or the ability to distinguish between 0+
and 1+ juveniles continued until July 10th. 1+ captures appeared to peak in mid-late May at, or prior to,
project onset (Figure 4). This is earlier than 1+ Chinook migration reported near Dawson City (second
week of June; Duncan & Bradford 2004), and Croucher Creek (mid-June to early July; Bradford et al.
2001).

CRE-26-17

11

Figure 4. Frequency distribution of 1+ captures by statistical week in 2016 & 2017.

Environmental Data
River conditions at the start of the season were cold (~7 °C) rising to 17° C in August (Appendix 3).
Water level and discharge peaked during mid-June, and then dropped to more stable levels by the start
of July. The high water event in the 2017 season occurred almost a full month later than in both the
2015 and 2016 seasons.
In 2017, water temperature was higher prior to the high water event than in both 2015 & 2016. High
water in mid-June dropped water temperature by almost 7 degrees over a 5-day period. Temperature
then remained below 2015 and 2016temperatures for approximately a month, before returning to
temperatures more comparable to the previous two seasons (Figure 7c).
Rotary Screw Traps
The rotary screw trap was deployed on May 12th, 2017. During periods of high water and increased
debris loads the RST was pulled out for the night and only run during the working day (June 12-14).
These days were not included in the CPUE along with any day the RST was prevented from spinning due
to debris accumulation.
The RST CPUE was highest during May (Figure 5). This is not consistent with past seasons, which had low
CPUE in May. This season the RST was able to run more effectively throughout May due to lower water
levels and reduced amounts of debris accumulation, which contrasts conditions experienced in 2015 &
2016. High water events in July and August of 2017 were not pronounced and did not result in spikes in
RST CPUE as observed in 2015-2016 (Figure 5).
Backwards stepwise regression selected a GLM model including water level, debris loads, water
temperature, and water velocity as explanatory of RST CPUE for 2015 to 2017 data; however, water
velocity was not a significant model term (Appendix 7). This supports observations that RST captures are
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correlated with fluctuating water conditions and clarity. RST CPUE is likely correlated with water
temperature because captures are low when water temperature is above 14 degrees.

Figure 5. Chinook RST CPUE (Catch per trap day) and water level for 2015-2017.

Beach Seining
A total of 166 seines were conducted at 14 sites located upstream and downstream of the release site
over 40 days. Seining was not conducted every day and an average of 4 seines were performed each
day fished. Beach seining was used as a method to increase the mark group size during periods
identified in the past seasons when Gee trapping was less effective.
Gee Traps
Gee trapping CPUE was lower than in previous years. The duration of and number of Gee traps set was
reduced this season (Figure 6). An analyses using GLM model selection identified mid-range water level,
and higher water temperatures as positive determinants of Gee trap captures since 2015 (see Appendix
7). Gee trapping CPUE is reduced when recorded water levels were low or high (<0 cm or >80 cm on our
staff gauge). Temperature could be a strong descriptor because it corresponds with 0+ growth and
perhaps behavioural responses that increase susceptibility to capture by Gee trapping after mid-June.
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Figure 6. Gee trap (a) Chinook CPUE (Catch per trap days) and (b) effort in trap days 2015-2017. Note that higher
th
effort indicated on June 26 2016 is due to equipment complications that prevented sampling traps on June 27 .

CHANGES IN 0+MEAN LENGTH BY STATISTICAL WEEK
The average length of all 0+ captures generally follows an exponential growth curve when examined
across statistical weeks (Figure 7a). In 2017, faster growth during statistical weeks 21 to 24 may have
been a response to warmer water conditions, but it is unclear if the slower growth after statistical week
28 was related to reductions in water temperature (Figure 7c). There was no evidence that fluctuating
water levels influenced mean length in 2017, as was observed in 2015 and 2016.
Other studies have reported a slight decrease in 1+ size as the season progresses (i.e. Moodie 2000).
This study found no clear relationship between 1+ size and outmigration timing (Figure 7b).
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Figure 7. (a) Mean length of 0+ Chinook salmon with 95% confidence intervals, and (b) change in mean length
by stat week in 2015-2017. Hatched lines mark the weeks of high water events in 2016 (red) and 2015 (black).

WEIGHT AND CONDITION
Post-season analysis revealed that recorded weights were significantly lower than expected over an 8
day period (June 28-July 4th), an error attributed to a malfunctioning weight scale. Recorded weights
were retroactively scaled higher for these dates to match the expected mean condition (details in
Appendix 4).
Juvenile body condition differed significantly between year, age group, and trap method (Kruskal Wallis:
Year: χ2 =505.8, p<0.0001. Age: χ2 =659.7, p<0.0001. Method: χ2 =976.6, p<0.0001). Generally the
condition of emerging 0+ is poor until about mid-June and the condition of spring 1+ is poorer than that
of fall 0+ (Figure 8). Variation in condition between years is likely due to differences in age and condition
of juveniles caught in the early season; while variation between trap types may be related to differences
in the ages or sizes of juveniles captured by each trap method over the season (for instance seining was
not effective in capturing Age 1+ juveniles, but was effective at capturing emergent 0+ juveniles). The
relationship between juvenile length and weight was similar in all years. Length to weight curves
indicate that smaller 1+ (less than 80mm) tend to weigh less than 0+ of the same length (Figure 9).
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Figure 8. Fulton’s body condition measured 2015-2017. Juveniles estimated to be 1+ are shown in black
and 0+ in gray.
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Figure 9. Fork length to weight relationships 2015-2017. Juveniles estimated to be 1+ are shown in black and 0+
in gray.
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RECAPTURES
A list of recaptures by mark event in 2017 is presented in Appendix 5. The 2017 season had the fewest
overall recaptures, but had the most 1+ recaptures (Table 3).
Table 3. Number of marked juveniles recaptures by age, method, and year.

2015
2016
2017
Method 0+
0+ 1+ Total 0+ 1+ Total
Gee
250 150 0
150 20 0
20
RST
85
54 6
60
37 14
51
Seine
104 77 0
77
41 3
44
Total
439 281 6
287 98 17 115
ESTIMATING ABUNDANCE
The challenge in large, open systems such as the Big Salmon is finding a method that allows estimation
of the number of juveniles produced. This study has been successful in generating the first estimates of
juvenile abundance within a large and open system inside Yukon River headwaters. Abundance
estimates for the Big Salmon River represents 0+ juveniles rearing in or outmigrating through the lower
reaches of the Big Salmon River and not full estimation of the entire population of 0+ in the Big Salmon
River and its tributaries.
Three years of study show 0+ abundance estimates generally mirror patterns of parent abundance
(Figure 10, Appendix 8-10). Uncertainty around model estimates is wide due to a low number of
recaptures (see Appendix 8a). Lower 0+ estimates for the 2014 parent year potentially result from
releasing juveniles closer to RST, which could promote a higher rate of recapture and a reduced
abundance estimate. Interestingly, 1+ abundance estimates are nearly identical to 0+ estimates from
the same brood year. Typically a greater 0+ population is expected. This may indicate a large number of
0+ juveniles rear within the Big Salmon River system for their first year and are not accounted for in our
0+ abundance estimates. It may also indicate there is immigration of non-natal Yukon River fry from
upstream habitats. Non-natal rearing in the Big Salmon River is more likely to occur in 1+ juveniles that
have had more time to disperse to new areas. Future genetic analyses will help resolve the extent of
immigration into the system and identify the proportion of captured juveniles that are non-natal.

Figure 10. (a) Adult spawner escapement with BTSPAS estimates of (b) 0+ and (c) 1+ juvenile abundance.

Precise survival estimates for juvenile Chinook salmon in the Big Salmon River are not available, but
inference from a handful of studies suggests between 2,400 and 240 fry are produced for each adult
CRE-26-17
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female (see Figure 11). Using adult escapement data (CRE-41-17), the proportion of female Chinook
captured in the test fisheries at Eagle Alaska (JTC 2015-2018), and three years of model estimates we
estimated an average production of 154 0+ juveniles per adult female in the Big Salmon River (Appendix
8b). Considering our 0+ abundance estimates are likely only partial for the entire system, these findings
fall within expected survival rates. For 1+ juveniles, we estimated an average production of 125 1+
juveniles per adult female, which is consistent with rough estimates for Chinook and the 23-year
average production of 145 smolts per female reported in the Snake River (Steifel & Wright 2015).

1 Female
Spawner lays
~6,000 eggs

Emergent Fry:

Fall Fry:

Smolts:

2,400

240

120

Figure 11. Rough estimation of juvenile Chinook survival per adult female spawner inferred from studies on
juvenile Chinook salmon from the Snake River and information on Coho and steelhead (Bradford et al. 2009;
Bradford, personal communication). Of the 6,000 eggs/female in Yukon River headwaters (JTC 2006), we
assume 40% survive to the fry stage (Bradford et al. 2009), 10% of 0+ fry survive until fall, and 50% of fall fry
survive to smolts.

Relating production to parent abundance provides a powerful tool for examining limits to production.
Future years of study may be able to resolve whether low escapement years generate a similar, higher,
or lower estimate of 0+ abundance (see Figure 12). In other studies interactions between adult or
juvenile stock abundance and juvenile survival have been reported. Steifel & Wright (2015) found the
number of smolts per adult female to vary with spawner abundance and typically decrease in high
escapement years at the Lower Granite Dam on the Snake River. McMichael et al. (2015) reported
lower egg to pre-smolt survival on brood years with high escapement in the Columbia River. They also
found higher smolt densities result in smaller size and later outmigration from the system.

Figure 12. Estimated number of 0+ juveniles per adult female spawner plotted against the number of adult
females from 2014-2016 run years. The red line shows the estimated number of female parents for the 2018
season 0+ assessment.

CRE-26-17

19
Ultimately juvenile abundance and stock composition will need to be assessed over a large number of
years in order to compare juvenile production to adult abundance across a range of conditions and
abundances. It is crucial to continue monitoring environmental variables, such as water level, which are
likely to influence patterns of partial outmigration of age 0+ juveniles. The use of Bayesian Time
stratified models can provide more dynamic and realistic abundance estimates with robust estimates of
uncertainty compared to alternative methods. To improve Bayesian abundance estimation in future
years, it is recommended that this project adopts a two (or three) RST study design. In a two-location
study design fish are captured, marked and released at an upstream location (Schwarz & Bonner 2012).
The marked fish mix with unmarked as they move downstream and are captured in the second RST.
This design has several advantages; it increases confidence in abundance estimates and standardizes
mark/recapture locations and effort. It would also identify upstream movements if juveniles marked at
the downstream location are recaptured upstream and avoid the need to relocate marked fish back
upstream.
MORTALITY
In 2017 overall Chinook mortality was 5.4% for the project (Table 4). At capture mortality was highest
for Gee trapped juveniles, potentially from water levels rising overnight and capture of juvenile Chinook
predators in Gee traps (i.e. burbot). Handling mortality (all mortality after capture before release) was
minimal for RST and Gee trapped juveniles, but high for seine fish. High mortality in seined fish is
thought to be related to delayed response to stress and trauma from being captured in seine nets along
with rocks and sediment. Field observations suggest that seine effort when water temperatures are
higher than 14°C contribute to seine mortality; however, in 2017 seine effort was minimal to absent
during warm water periods. The removal of rocks from seining areas during low water, and
improvements to seining technique could reduce stress and injury on seined juveniles. Project mortality
could also be reduced by the addition of one or more RSTs and a reduction in capture by other methods.
Table 4. Percent mortality at capture or prior to release (handling) for the 2017 season. Handling mortality
includes mortality during transportation, sampling, marking, and holding before release.

Method
RST
Gee
Seine
All

Capture
2.1
6.4
2.1
2.4

Handling
0.4
0.7
9.9
3.0

Total
2.4
7.1
11.8
5.4

SUMMARY

The 2017 season was successful in capturing three times more 1+ than the previous year. Emergence of
0+ juveniles was observed from early-May to late-June, and 1+ outmigration was near completion by
mid-June. The body condition of emergent 0+ juveniles was poor but improved over the season and the
condition of spring 1+ juveniles was poorer than that of fall 0+ individuals.
The third year of the Big Salmon juvenile Chinook salmon project was successful in generating nondiagonal Peterson abundance estimates of both age 0+ and 1+ juveniles. A three year average
production of 0+ and 1+ per adult female was also estimated for the Big Salmon River System.
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Preliminary juvenile abundance estimates fell within an acceptable range when compared to existing
egg-fry survival rates.
2017 study design was improved from previous years by varying effort by trap type over sampling
periods, utilizing an age cut-off threshold in the field, and marking juveniles with weekly marks for time
stratification population analysis. Recommendations to improve long-term study design include the
addition of one or more RST. Analysis of scale and genetic samples will also improve the confidence in
age estimation and identify origins of outmigrating juveniles.
This project has the potential to examine juvenile Chinook salmon characteristics at a scale
unprecedented for the Yukon River System and link juvenile abundance to adult enumeration in the Big
Salmon River. The application of abundance estimates relies on the continuation of this study and the
ability to analyze trends between adult and juvenile abundance over time. The establishment of longterm datasets will help identify and quantify the factors drive or limit juvenile production in the Big
Salmon River.

RECOMMENDATIONS for 2018
•

•
•

•
•
•
•

Consider an earlier start date or increase Gee trapping effort throughout May to increase 1+
captures and recaptures. Subject to environmental conditions (shelf ice).
Continue applying weekly marks for BTPSAS analysis.
As a long-term consideration, adopt a two (or more) RST sampling design to improve Bayesian
stratified population analysis. In a two-location study design fish are captured, marked and
released at the upstream RST. The marked fish mix with unmarked as they move downstream
and are captured in the second RST.
Encourage and facilitate visits from local First Nations and other interested groups to highlight
the importance of this work.
Extend the season to examine outmigration of 0+ before ice up
Assign sampling periods that dictate which trapping methods are used over the season.
Consider environmental factors including daily water level and temperature into sampling
period design in order to minimize mortality and increase capture efficiency.
On seining days, establish a target number of juvenile to capture or a minimum effort in order to
increase capture efficiency.
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Appendix 1. Frequency distributions of juvenile Chinook lengths by time period used to assign age (0+/1+) in
2017. Age cut-off thresholds applied until July 10 in 2017. Note that cut-off thresholds selected in 2017 differ
from previous years as 0+ and 1+ were distinguishable to a later date in the season.
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Appendix 2. Length of juvenile Chinook sampled 2015-2017 with final date of 0+ and 1+ age determination used
in the 2016-2017 reports (red lines). Estimated ages are shown in gray (0+), black (1+), and green (2+).
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Appendix 3. Daily RST and Gee trap catch per unit effort (CPUE) and notable environmental data in 2017. Water
level was measured relative to a staff gauge. Visibility, displayed here as negative for ease of comparison, was
measured with a pole mounted secchi disk. Values over 160 indicate clarity to the stream bottom. RST specific
variables include RST debris (estimated in litres), odometer readings (cumulative), RST RPM (after cleaning), and
depth in front of RST (displayed as negative values). Velocity was measured in front the of the RST barrel.
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Appendix 4. Correction for juvenile weights recorded between June 28 and July 4 , 2017.

Post-season analysis revealed that observed weights and condition factor were significantly lower than
expected over an 8 day period (June 28-July 4th), an error attributed to a malfunctioning weight scale.
Recorded weights on these dates were retroactively scaled higher so that they aligned with the
expected daily average condition factor.
To accomplish this, the average daily condition factor for 8 days before and after the period of missing
data was calculated (k=1.03). For each missing day, the average expected weight was then calculated
as:
1.03
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 (𝑔𝑔) = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿ℎ (𝑐𝑐𝑐𝑐)3 ∗
100
The ratio of observed/expected daily average weight was then calculated and individual recorded
weights were then divided by this ratio.
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Appendix 5. Summary of marks applied in the 2017 season.

Marking
Group
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

CRE-26-17

Mark
VIE Blue L Dorsal
VIE Blue Single Nose
VIE Orange R Dorsal
VIE Pink L Dorsal
VIE Orange Single Nose
VIE Orange L Dorsal
VIE Yellow Single Nose
VIE Yellow L Dorsal
VIE Red Single Nose
VIE Green Single Nose
VIE Pink Single Nose
VIE White Single Nose
VIE Blue V nose
VIE Orange L Dorsal
VIE Pink Nose
VIE Green V Nose
VIE Orange V Nose
VIE Yellow V Nose
VIE Red V Nose

Stat
New Marks
Week Age
Applied
19-20 1+
1526
20-21 0+
193
20-23 1+
20-21 1+
688
22
0+
345
22
1+
427
23
0+
457
23
1+
162
23-24 0+
514
24-25 0+
971
25-26 0+
516
26-27 0+
449
28
0+
628
28-31 0+
28-29 0+
956
29-30 0+
385
30-31 0+
337
31-32 0+
82
33
0+
79

Recapture
Number
Marks
Applied Recaptured
9
6
11
0
2
12
3
7
2
5
29
8
3
11
18
0
8
5
3
1
0
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Appendix 6. Annual sonar counts for Big Salmon adult Chinook (data from Mercer & Wilson 2018).
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Appendix 7. Generalized linear models selected with backwards stepwise regression were used to determine
which environmental variables white best describe CPUE of RST and Gee trap captures in 2015-2017. Predictive
terms include visibility (Vis), water level (Lev), water velocity (Vel), water temperature (Temp), RST debris
(Debris), RST rotations per minute after cleaning (RPM), and depth in front of the RST (Depth).

(a) Backwards selection of GLM models predicting RST CPUE.
Terms
AIC
∆AIC
Lev+Debris+Temp+Vel+Depth+Vis+RPM
910.4
1.9
Lev+Debris+Temp+Vel+Depth+Vis
908.5
1.7
Lev+Debris+Temp+Vel+Depth
906.8
1.1
Lev+Debris+Temp+Vel
905.7
(b) Estimates of best predictive RST model (Cox and Snell Pseudo R2=0.458)
Term
Estimate
SE
T
P
Lev
-1.31
0.264
-4.96
<0.0001
Debris
1.57
0.424
3.71
<0.001
Temp
-7.27
2.76
-2.64
<0.01
Vel
31.3
19.0
1.65
>0.102
(c) Backwards selection of GLM models predicting Gee CPUE.
Terms
AIC
∆AIC
Lev+Temp+Vis
710.2
1.4
Lev+Temp
708.8
(d) Estimates of best predictive Gee model (Cox and Snell Pseudo R2=0.145)
Term
Estimate
SE
T
P
Lev
-0.00643
0.00277
-2.33
<0.05
Temp
0.0979
0.0324
3.02
<0.01
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Appendix 8. (a) Abundance estimates (Ntot) and standard deviation generated from Bayesian time stratified
population analyses. 1+ estimates were generated using pooled analysis for the 2014 brood year, and diagonal
analyses for 2015. (b) Estimated juvenile production per adult spawner generated from adult escapement data
(CRE-41-17), the proportion of female Chinook captured in test fisheries at Eagle Alaska (JTC 2015-2018), and
three years of model estimates.

(a)
0+ Estimate (Stratified)
Parent
Ntot
SD
Year
2014
205,826
24,908
2015
611,347
246,606
2016
479,627
108,783
*Denotes SE rather than SD.

1+ Estimate
Ntot

SD

235,254
611,571
-

105,133*
111,475
-

(b)
Parent
Year
2014
2015
2016
2017

CRE-26-17

% Female
Spawners
(Eagle AK)
35%
42%
32%
51%

Estimated
# Female
Spawners
2,212
4,233
2,143
2,893
Mean

0+ per
Female
93
144
224
154

SD
11
58
51
-

1+ per
Female
106
144
125

SD
48
26
-
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Appendix 9. Data input into Bayesian time-stratified population analysis for (a) non-diagonal 0+ and (b)
diagonal 1+ models of abundance in 2017 where: n1=the number of new marks released, u2=the number of
unmarked captured, m2=the number of marked recaptured, and sampfrac= the percentage of the strata fished.
Non-diagonal recaptures are denoted by strata of recapture such that m2.1 is the number of marks recaptured
within the strata they were released and m2.2 is the number of marks recapture the strata following their
release. Note effort from the last day of Statistical Week 19 was incorporated into the estimation of Strata 1
abundance.

(a) 2017 data input for non-diagonal 0+ abundance estimation
Stat
Strata
Weeks
u2
n1
Sampfrac m2.1 m2.2 m2.3 m2.4 m2.5
1
20, 21
135
202
0.980543
2
0
0
0
1
2
22, 23
191
885
0.792514
0
0
0
2
0
3
24, 25
351
1504
0.812543
5
2
1
0
0
4
26, 27
458
726
0.959771
2
2
1
0
0
5
28, 29
1261 1383
0.911971
13
2
0
0
0
6
30, 31
509
533
0.959914
5
0
0
0
0
7
32, 33
70
132
0.870629
0
0
0
0
0
(b) 2017 data input for diagonal 1+ abundance estimation
Strata
Stat Weeks
u2
n1
Sampfrac m2.0
1
20, 21
2276
2213
0.980543
11
2
22, 23
505
570
0.792514
0
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Appendix 10. Results of the 2017 stratified population analysis showing (a & b) estimates of unmarked juveniles
UTot (in thousands) and (c & d) trap efficiency per strata. 0+ abundance estimates were generated using a nondiagonal model while 1+ abundance was considered diagonal.
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Appendix 11. Non-Chinook species captured by trap method. The high number of un-identified species in 2015
may be due to early season uncertainty over the identification of small juvenile burbot.

Species
Sculpin (Cottus cognatus)
Longnose Sucker (Catostomus catastomus)
Arctc Grayling (Thymallus arcticus)
Whitefish sp.
Lake chub (Couesius plumbeus)
Burbot (Lota lota)
Lamprey (Lampetra japonica)
Pike (Esox lucius)
Lake Trout (Salvelinus namaycush)
Un-identified
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GEE
1227
215
3
2
363
128
17
24
0
2

2015
RST Seine
167 2387
30
40
16
621
32
1243
248
75
30
568
21
0
4
1
1
0
58
363

2016
GEE RST Seine
1131 153 1470
77
353
87
0
27
231
16
20
700
399 147 198
281
11
294
37
18
1
94
12
1
0
0
0
5
5
0

2017
GEE RST
238 203
5
398
0
8
4
29
20 107
36
15
8
15
1
6
0
0
0
1

Seine
411
78
157
265
31
51
0
3
0
0

