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ABSTRACT

The Department of Fisheries and Oceans (DFO) Wild Salmon Paolicy (WSP) goal is “to restore
and maintain healthy salmon populations and their habitats for the benefit and enjoyment of the
people of Canada in perpetuity” (Fisheries and Oceans Canada 2005). In order to achieve this
goal, the WSP outlines a number of strategies, including ‘Strategy 1: standardized monitoring of
wild salmon statuses, which is the subject of this paper. In the current paper, Fraser Sockeye
(Oncorhynchus nerka) conservation units (CUs) from ‘WSP Action Step 1.1: the identification of
conservation units’ are used to update ‘Action Step 1.2: the development of criteria to assess
CUs and identify benchmarks to represent biological statuses, and to address ‘Action Step 1.3:
CU status assessment’, for the 22 current and two de novo CUs. Using a previously developed
toolkit for CU status assessment (Holt et al. 2009; Holt 2009), abundance benchmarks were
estimated for each CU with stock-recruitment data (each CU has unique benchmarks), and
trends in abundance upper and lower benchmarks (identical benchmarks for all CUs) were
modified to apply to Fraser Sockeye. These benchmarks were used to delineate the three WSP
biological status zones (Red, Amber, and Green). Abundance benchmarks were estimated
across a range of stock-recruitment models, including the standard Ricker model that assumes
constant productivity and other Ricker model forms that assume time varying productivity.
Consideration of time varying productivity in the estimation of abundance benchmarks was
important since most Fraser Sockeye CUs have exhibited systematic declines in productivity
over recent decades (Grant et al. 2011) and extirpation risk can increase when a CUs
productivity is linearly decreasing or low (Holt 2009; Holt and Bradford 2011). Abundance
benchmarks were also estimated across a range of probability levels to reflect uncertainty in the
estimation process. Estimates of a CU’s spawner abundances at maximum juvenile production
(Smax) Were also updated and used as carrying capacity priors in Ricker models, where available
and appropriate. In the evaluation of status using the abundance metric, both the geometric and
arithmetic means of the recent CU abundance were compared against benchmarks. Since
multiple metrics (one abundance and three trends in abundance metrics, depending on the CU)
and uncertainty in abundance benchmarks are presented in the current paper, statuses for a
single CU can comprise all three WSP status zones. A recent DFO Science decision requires
that statuses be aggregated across these metrics and benchmarks into a final single status for
each CU. This current paper will be foundational to future status aggregation processes and
publications.
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INTRODUCTION

The Department of Fisheries and Oceans (DFO) Wild Salmon Policy (WSP) goal is “to restore
and maintain healthy salmon populations and their habitats for the benefit and enjoyment of the
people of Canada in perpetuity”(2005 (in prep.)). In order to achieve this goal, the WSP outlines
a number of strategies, including ‘Strategy 1: standardized monitoring of wild salmon statuses,
which is the subject of this paper. This paper uses Fraser Sockeye conservation units (CUs)
identified through ‘WSP Action Step 1.1: the identification of conservation units (CUs)’ to update
‘Action Step 1.2: the development of criteria to assess CUs and identify benchmarks to
represent biological statuses, and to address ‘Action Step 1.3: CU status assessment’, for the
22 current CUs and two de novo CUs (see Appendix 6 for the original request for Science
Advice). Since several metrics are used to assess status for each CU, and uncertainties in
abundance benchmarks are considered in the current assessment, the resulting statuses for
each CU can include a combination of the three WSP biological status zones (Red, Amber and
Green)(Figure 1). Aggregation of divergent statuses for a CU into a final single status, now
required by DFO, will be addressed in subsequent processes and publications.

Methodology for the identification of CUs and a consequent list of draft CUs for salmon stocks in
the Pacific Region (WSP Action Step 1.1) was presented in Holtby and Ciruna (2007). The CU
list is not static, but is subject to change as new analyses and data become available. The
current paper presents the Fraser Sockeye CU list last revised on August 16, 2011,following
considerable discussion between Dr. Holtby and Fraser Sockeye Stock Assessment staff (Table
1) (Holtby 2011 (in prep.)). This list includes 22 current and two de novo (considered new to due
hatchery transplantation) CUs. Two of these current CUs, Chilko-S and Chilko-ES, cannot be
assessed independently since escapement data for these CUs are aggregated. In addition to
the current and de novo CUs, there are six CUs that require further studies to confirm either
they are CUs, based on Holtby and Ciruna (2007) methodology, or whether or not they have
been extirpated. There are also eight extirpated CUs and six CUs that have been removed from
the current CU list due to recent additional considerations (Holtby 2011 (in prep)). The
corresponding stock names for all these CUs, used commonly in fisheries management
processes, are presented in Table 2.

Coincidental to the identification of CUs, methodology for the assessment of Pacific salmon CU
status (WSP Action Step 1.2) was presented in two recent papers (Holt 2009; Holt et al. 2009).
Classes of indicators recommended for the assessment of status include abundance, trends in
abundance, fishing mortality, and distribution (Figure 2). Within each class of indicator, more
than one metric can be used to assess status (Figure 2). For each metric, lower and upper
benchmarks delineate, respectively, the Red to Amber and the Amber to Green WSP biological
status zones (Figures 1 & 2). To meet the definition specified in the WSP, the lower benchmark
is set at a level that ensures there is a substantial buffer between the benchmark and the
Committee on the Status of Endangered Wildlife in Canada (COSEWIC) classification of
‘endangered’. Conservation units in the Green zone are considered at low risk for extinction,
and could sustain on average, maximum annual catches. Although changes in status are
intended to inform management decision making, on their own they are not prescriptive.

Since a relatively complete time series of escapement and recruitment data exists for a large
number of Fraser Sockeye CUs, the classes of indicators explored in this assessment of status
include abundance and trends in abundance (WSP Action Step 1.2). The fishing mortality class
of indicator differs from the remaining three (Figure 2), as it reflects a threat to the CU rather
than an intrinsic property of the CU, and is typically used only when abundance data are not
available (Holt et al. 2009). For Fraser Sockeye, the fishing mortality class of indicator is not
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used to assess CU status, since abundance data are available. Further, a recent DFO
workshop concluded that further research on fishing mortality benchmarks and their usefulness
in status evaluation is required prior to their use. The distribution class of indicator is also not
assessed in the current paper because escapement enumeration methods generally do not
provide the flexibility to assess distributional changes through time. Also, additional work is
required to determine how distribution affects a CU’s extirpation risk and status. Therefore, only
the abundance and trends in abundance metrics are considered for status assessments.

Table 1. The 22 current CUs, two de novo (new) CUSs, six CUs that require further
research to validate, eight extirpated CUs (two of which are being studied for recovery
potential), and five CUs that were removed from the previous CU list.

Current De Novo Validation Required Extirpated Removed
(New) (no longer CUs)
1 Anderson-Seton-ES 1 North Barriere-ES? 1 Cariboo-S (extirpated?) 1 Adams-ES 1 Boundary Bay
2 Bowron-ES 2 Seton-L 2 Francois (First Run)-ES (extirpated?) 2 Alouette-ES 2 Carpenter Lake
3 Chilko-ES" 3 Francois (Second Run)-ES (extirpated?) 3 Coquitlam-ES 3 Fraser Canyon
4 Chilko-S* 4 Indian/Kruger-ES (extirpated?) 4 Fraser-ES 4 Hayward Lake
5 Chilliwack-ES 5 Middle Fraser (River-Type) 5 Kawkawa-L 5 Thompson (River-Type)
6 Cultus-L 6 Upper Fraser (River-Type) 6 Momich-ES 6 Stuart-Early Stuart

7 Francois-Fraser-S 7 North Barriere-ES?
8 Harrison (D/S)-L 8 Seton-S
9 Harrison (U/S)-L

10 Harrison River (River-Type)

11 Kamloops-ES?

12 Lillooet-Harrison-L

13 Nadina-Francois-ES (new-mixed CU)

14 Nahatlach-ES

15 Pitt-ES

16 Quesnel-S

17 Shuswap-ES

18 Shuswap Complex-L

19 Takla-Trembleur-EStu

20 Takla-Trembleur-Stuart-S

21 Taseko-ES

22 Widgeon (River-Type)

1. Chilko-ES and Chilko-S are aggregated for CU assessment purposes; these data sets cannot be disaggregated.

2. Kamloops-ES does not include extirpated populations upstream of previous dam on Barriere River which are now part of the

North Barriere-ES (extirpated) CU; hatchery transplants in the North Barriere system, after dam removal, has produced new growing populations,
now identified as the North Barriere-ES (De Novo) CU.

Holt et al. (2009) and Holt (2009) have developed a framework for estimating benchmarks for
abundance indicators (unique to each CU) and identified benchmarks for trends in abundance
indicators (common across all CUs). For abundance lower and upper benchmarks, Holt (2009)
recommended using, respectively, Sgen (the spawner abundance that would result in recovery to
maximum sustained yield (Susy) in one generation) and 80% Sysy. Simulation modelling results
indicated that, compared to other benchmarks, using Sqen (estimated using a Ricker stock-
recruitment model cast in a Bayesian framework) as a lower benchmark was associated with a
relatively low probability (<25%) of extirpation over 100 years for populations under equilibrium
abundances of greater than 15,000 spawners. This Sy, lower benchmark also had a relatively
high probability (>75%) of recovery to the spawning abundance necessary to provide maximum
sustained yield (Susy) in three generations (Holt 2009; Holt & Bradford 2011). The Sgen lower
benchmark was also more robust to uncertainties in productivity compared to other benchmarks

evaluated (Holt 2009).
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Table 2. The 22 current and two de novo (new) CUs and their corresponding stock
name (commonly used in fisheries management processes).

CU Name

Corresponding Stock Name

Current

1 Anderson-Seton-ES
2 Bowron-ES
3 Chilko-ES"
4 Chilko-S*
5 Chilliwack-ES
6 Cultus-L
7 Francois-Fraser-S
8 Harrison (D/S)-L
9 Harrison (U/S)-L
10 Harrison River (River-Type)
11 Kamloops-ES
12 Lillooet-Harrison-L
13 Nadina-Francois-ES (new-mixed CU)
14 Nahatlach-ES
15 Pitt-ES
16 Quesnel-S
17 Shuswap-ES
18 Shuswap Complex-L
19 Takla-Trembleur-EStu
20 Takla-Trembleur-Stuart-S
21 Taseko-ES
22 Widgeon (River-Type)

De Novo (New)
1 Seton-L
2 North Barriere-ES

Gates

Bowron

Chilko

Chilko

Miscellaneous Early Summers
Cultus

Stellako

Miscellaneous Lates

Weaver

Harrison

Raft and miscellaneous Early Summers
Birkenhead

Nadina

Miscellaneous Early Summers
Pitt

Quesnel

Scotch and Seymour and miscellaneous Early Summers
Late Shuswap

Early Stuart

Late Stuart

Miscellaneous Early Summer
Miscellaneous Lates

Seton
Fennell and miscellaneous Early Summers

1. Chilko-ES and Chilko-S are aggregated for CU assessment purposes;
these data sets cannot be disaggregated.

Holt et al. (2009), recommended using the Ricker stock-recruitment model using a Bayesian
approach to estimate lower (Sgen) and upper (80% Spsy) abundance benchmarks. Simulation
modelling has shown that Ricker stock-recruitment model benchmarks are relatively robust to
extirpation risk and recovery (Holt 2009), and do not vary considerably when the “true”
underlying stock-recruitment relationship follows a Larkin stock-recruitment model with highly
cyclic population dynamics (Holt and Bradford 2011). Therefore, only Ricker model forms were
used to estimate CU benchmarks for abundance metrics in the current paper. In addition to the
standard Ricker stock-recruitment model (using the full stock-recruitment time series) that
assumes constant productivity, Ricker model forms that assume time varying productivity were
also used to estimate abundance benchmarks. This was an important consideration for Fraser
Sockeye CUs, as most of these CUs have exhibited persistent declines in productivity in recent
decades (Grant et al. 2011; Appendix 3, Figures 1 ¢ & d). Estimates of the spawner abundances
at maximum juvenile production (Smax) for CUs were also updated in the current paper, and
were used as Bayesian priors for carrying capacity in the Ricker models, where available and
appropriate.
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Figure 1. Wild Salmon Policy status zones (Red, Amber, and Green) delineated by
lower and upper benchmarks. Increasing spawner abundance is inversely related to the
extent of management intervention. Reprinted from Fisheries and Oceans Canada

(2005).

Figure 2. Hierarchy for the assessment of biological status of WSP CUs, including 1)
four classes of indicators, 2) quantifiable metrics within each indicator class, and 3)
benchmarks on each metric. Reprinted from Holt et al. (2009).
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Trends in abundance metrics and associated benchmarks (common across all CUs) were
presented in Holt et al. (2009). Results from a recent study (Porszt 2009) and updated analyses
in the current paper, compared the relative performance of various trends in abundance metrics
in correctly identifying ‘true’ status. These results, in addition to the Holt et al. (2009) trends in
abundance metric recommendations, were used to select three trends in abundance metrics for
the assessment of Fraser Sockeye CU status: the ratio of the current abundance to the long-
term average (long-term trends in abundance), the linear change in abundance over the past
three generations, and the probability that this recent change in abundance is below the lower
benchmark for this metric (recent trends in abundance). Benchmarks for each of these metrics
(common to all CUs) were modified from Holt et al. (2009) and are described in the methods
section of the current paper.

For each CU, statuses were evaluated across the range of metrics (one abundance and three
trends in abundance) considered. Further, abundance statuses were evaluated across the
range of estimated abundance benchmarks (across different model forms and probability
levels), which compared two different calculations of the average recent abundance (geometric
versus arithmetic mean) against paired sets of upper and lower benchmarks. This evaluation of
uncertainty in abundance benchmarks and the use of multiple metrics to evaluate status in the
current assessment, resulted in a suite of statuses for each CU, which can be comprised of all
three WSP status zones. These results provide the foundation required for developing a final
single status for each Fraser Sockeye CU, which will be addressed in subsequent processes
and publications.

The objectives of the current paper are to present the following information:
A) background on Fraser Sockeye life-history, population trends and structure, and threats;

B) an updated list of Fraser Sockeye CUs, including 22 current and two de novo CUSs, six
CUs that require further research to validate, eight extirpated CUs (two of which are
currently being studied for recovery potential), and six CUs that have been removed
from the previous CU list (WSP Strategy 1, Action Step 1.1);

C) for all 24 assessable CUs (22 current and two de novo CUs), escapement sites, history,
escapement time series, productivity, abundance and trends in abundance are reported;
background is provided for all remaining CUs (six validation required, eight extirpated,
and six removed from the current CU list).

D) updated estimates of spawner abundances at maximum juvenile production (Spax)
organized by juvenile rearing lake; these data are used as Ricker model Bayesian prior
values of carrying capacity (Ricker ‘b’ parameter) used to estimate abundance
benchmarks for some CUs;

E) evaluation of uncertainty in abundance benchmarks for each CU with stock-recruitment
data and modified Holt et al. (2009) trends in abundance benchmarks (WSP Strategy 1,
Action Step 1.2);

F) for each CU, evaluation of status for each metric, including a range of abundance
benchmarks that reflect both structural and stochastic uncertainty (addresses WSP
Strategy 1, Action Step 1.3).
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FRASER SOCKEYE BACKGROUND

SPECIES CLASSIFICATION AND DESCRIPTION

Sockeye salmon are one of the seven species of Pacific salmon. Sockeye salmon develop
secondary sexual characteristics as they return to the spawning grounds, similar to other Pacific
Salmon. Adult Sockeye spawning characteristics include bright red body coloration, olive green
heads and tails, and an elongated snout. Spawning Sockeye are sexually dimorphic; males are
distinguished from females by a fleshy back hump located between their head and dorsal fin,
and a curved upper jaw with protruding canine-like teeth. The juvenile smolt stage is
characterized by oval parr marks of irregular heights that largely occur above the lateral line
(Pollard et al. 1997). In their ocean phase, Sockeye are silver-blue in coloration, have no spots
on their back or tail, are slim and tubular, and can range in weight from 2.2 to 3.1 kg (maximum:
6.3 kg). More detailed descriptions of Fraser Sockeye are available (Foerster 1968; Hart 1973;
Burgner 1991).

FRASER WATERSHED

The Fraser River supports the largest abundance of Sockeye salmon in the world for a single
river (Northcote and Larkin 1989), due to its length (1,600 km), watershed size (223,000 km?),
and lake nursery area (2,500 km?) (Figure 3). Over fifty percent of all salmon production in
British Columbia (over sixty-five percent for Sockeye) occurs in the Fraser watershed. From it's
headwaters in the Rocky Mountains, the Fraser River follows the Rocky Mountain Trench to the
Interior Plateau. It continues south to the Coast Mountains and drains from a broad floodplain
into the Strait of Georgia. The Lower Fraser watershed and the Upper Fraser watershed are
divided by the narrow Hells Gate canyon (Figure 3). Within the Fraser watershed there are
hundreds of tributaries, steams, marshes, bogs, swamps, sloughs, and lakes. As a result of this
large system, Fraser Sockeye spawning migration can range from tens to thousands of
kilometres (Figure 3).

FRASER SOCKEYE LIFE HISTORY
Overview

The dependence of Sockeye salmon on specific lakes for juvenile habitat has resulted in a
greater variety of life history patterns, relative to other species of Pacific salmon . Two key life-
history types of Sockeye salmon include anadromous Sockeye (characterized by having both
freshwater and marine phases) and kokanee (O. nerka that spend their entire life-cycle in
freshwater). These two forms of O. nerka have diverged genetically (Taylor et al. 1996; Taylor et
al. 1997; Foote et al. 1999; Craig and Foote 2001) and ecologically (Foote et al. 1999; Wood et
al. 1999). These two Sockeye forms likely do not interbreed due to differences in spawning
times and anadromous female Sockeye mate selection, which favours the larger anadromous
males over the smaller non-anadromous males. The current paper focuses on the anadromous
form of Sockeye Salmon, that spawn (and subsequently die) as adults in freshwater, incubate
as eggs in gravel in the freshwater environment, and either migrate to the ocean shortly after
gravel emergence as fry, or migrate to the ocean as smolts after rearing in freshwater lakes for
one to three years. Anadromous Sockeye spend an additional one to three years rearing in the
ocean as juveniles before they return to spawn.
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Figure 3. Sockeye salmon freshwater distribution in the Fraser River watershed with key
CU lakes identified (blue text). Heavy black indicates locations of Sockeye spawning.
Hells Gate is indicated on map (red arrow and text), as this location presents a
challenge to adult Sockeye upstream migration during high flows in the Spring/Early
Summer periods.
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Age-Structure

Depending on the population, Fraser Sockeye recruits can range in age from three to six years,
spending their first one to three winters in freshwater and their last one to three winters in the
marine environment. Most Fraser Sockeye, however, return to spawn as four-year-old fish (age
4, based on the Gilbert Rich ageing convention) (~80% of the total adult recruitment age
composition), after spending two winters in the freshwater followed by two winters in the marine
environment. A smaller proportion (~20% of the total adult age composition) of Sockeye spend
one extra winter in the marine environment (age-5: 5,). Fraser Sockeye are also comprised of a
small component of three-year-old fish (typically called jacks/precocious males or
jills/precocious females, although jills are far less common) that return to spawn after only one
year in the ocean (age 3,). One exception to this age composition occurs in Pitt River Sockeye
(Pitt-ES CU), which predominantly return as five-year-old fish (~65% 5, out of the total 4, +
5,’s). For all CUs, there can be a very small proportion (1.6% out of the total recruitment) of fish
that spend three winters in freshwater and varying lengths of time in the marine environment
(ages: 43,53,65). In recent years (1980 to present), maturation appears to have delayed, as
returns are comprised of increasing proportions of four year olds relative to three year olds and
five year olds relative to four year olds (Holt and Peterman 2004; Grant et al. 2010). Overall,
however, four-year-olds continue to dominate recruitment for most stocks.

A major life-history variant occurs in the Harrison River (Harrison River (River-Type) CU) and
Widgeon Slough (Widgeon (River-Type) CU). Sockeye in these CUs are comprised of age-3
(3,) and age-4 (4,) fish that do not rear in freshwater lakes as juveniles. For the Harrison River
(River-Type) CU, the proportion of recruits that return as three or four year olds is highly
variable, with higher percentages of age-4 fish (~65%) returning during odd years when pink
salmon are also spawning in this system (Grant et al. 2010).

Adult Return Migration, Spawning, and Freshwater Residence

Fraser Sockeye return from the North Pacific to the Strait of Georgia via either the northern
Johnstone Strait or the southern Juan de Fuca Strait route. The proportion travelling through
Johnstone Strait varies from 2 to 80% (Groot and Cooke 1987), and is affected by EI Nifio
events that result in higher diversion rates through Johnstone Strait due to warmer water flows
from the south (Groot and Quinn 1987).

The natural homing of Sockeye to their spawning areas is precise in both timing and location,
more so than in other species of Pacific Salmon (Burgner 1991). Return migration timing is
related to temperature regimes in the egg incubation areas, to ensure appropriate development
and emergence timing of eggs and fry (Miller and Brannon 1982). The spawning period for
Fraser Sockeye can range from July to October, and adults typically cease feeding as they
enter the freshwater system (Burgner 1991; COSEWIC 2003).

Adult Sockeye usually spawn in rivers, streams and along lake foreshores. Typical of the genus
Oncorhynchus, eggs are deposited in nests constructed by the female, fertilized by a male or an
opportunistic precocious male, and then subsequently covered with gravel by the female. Nests
are dug in gravel that ranges in size from coarse sand to large angular rubble and boulders.
Water depth ranges from 0.1 meters in small streams to over 30 m in lakes; water temperature
ranges from 2 to 8° C. Eggs incubate in the gravel through the winter, with incubation duration
and the timing of fry emergence from the gravel (mid-April to mid-May) mediated by ambient
temperatures (Burgner 1991). Following fry emergence, the progeny of river spawners migrate
in schools to the lake, where they move along the shoreline in shallow water before
progressively moving offshore (Morton and Williams 1990). In Cultus Lake, the progeny of shore
spawners immediately migrate into deep water (Brannon 1965). Juveniles rear in the lake for
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one to two winters after gravel emergence. In most cases, fry rear in lakes immediately
downstream of their natal spawning streams, but exceptions have been documented. For
example, fry from Gates Sockeye (Anderson-Seton-ES CU) initially enter Anderson Lake to
rear. However, a variable and often substantial proportion of fry continue their migration through
this lake to rear further downstream in Seton Lake (Geen and Andrew 1961). Similarly, an
occasionally large proportion of fry from the Birkenhead River (Lillooet-Harrison-L CU) initially
enter Lillooet Lake, then migrate through this lake to rear in Harrison Lake (Cave 1988). In both
cases, the growth of fry in the second lake appears to be higher than in the original nursery lake
(J. Hume, data on file). In addition, instead of downstream migration, some Fraser Sockeye fry
migrate upstream to their rearing lake (e.g. Harrison (U/S)-L and Chilko-S).

Smolt Outmigration and Marine Residence

Following a period of either egg incubation and fry lake rearing (lake-type Sockeye) or egg
incubation only (river-type Sockeye), Fraser Sockeye juveniles migrate downstream in the
spring (April to June). This migration is relatively quick as the smolts move downstream from
their rearing lake (or incubation gravel), through the Fraser River and Fraser estuary, and into
the Strait of Georgia (Healey 1980; Tucker et al. 2009; Welch et al. 2009). Upon entry into the
Strait of Georgia, most Sockeye migrate northward through Johnstone Strait and along the
continental shelf, before entering the North Pacific sometime between the fall and winter period
(Tucker et al. 2009; Welch et al. 2009) (Figure 4). Stellako (Francois-Fraser-S CU) and Stuart
(Takla-Trembleur-Stuart-S, Takla-Trembleur-EStu CUs) Sockeye appear to leave the
continental shelf somewhat earlier (in the fall) than all other stocks (Tucker et al. 2009). After
leaving the continental shelf, juvenile Fraser Sockeye salmon in the North Pacific high seas are
widely distributed in the Gulf of Alaska, between 48°N and 60°N and 125°E to 170°E (Forrester
1987) (Figure 4). Harrison River (River-Type) (i.e. Harrison River) Sockeye have unique ocean
migration timing and migration routes. After emergence from the spawning gravel, Harrison
Sockeye rear in sloughs for a few months prior to their downstream migration, and, as a result,
enter the Strait of Georgia a few months after all other Fraser Sockeye (Birtwell et al. 1987).
Also, unlike all other Fraser Sockeye, Harrison Sockeye rear in the Strait of Georgia for up to six
months prior to migrating through the Southern Juan de Fuca Strait to the Gulf of Alaska (Taylor
et al. 1997; Tucker et al. 2009).
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Figure 4. The open ocean migration pattern of Fraser River Sockeye salmon; grey area
is overall distribution, black lines are main routes and dashed lines indicate other areas
covered (modified from French et al. (1976) & Healy (2002); reprinted from
Johannessen and Ross (2002)).

FRASER SOCKEYE POPULATION SIZE AND TRENDS

Cycles and Escapement, Catch and Return Trends

Fraser Sockeye predominantly return to spawn as four-year old fish, and for some of the large
lakes in the Fraser River watershed, persistent four-year cycles of Sockeye abundance occur
(cyclic dominance). Patterns of cyclic dominance in abundance trends varies amongst CUs and
can include one very large (dominant) cycle, followed by one smaller (subdominant) cycle, and
two smaller (weak) cycles. Hypotheses on why cyclic dominance occurs include depensation
due to overfishing (Collie and Walters 1987; Walters and Staley 1987; Walters and Woodey
1992); increased predation on the smaller subdominant or weak cycles (Ward and Larkin 1964;
Larkin 1971); or alternatively, reduction in spawning abundance, juvenile rearing habitat, or food
availability on these weak cycles, due to high spawner or juvenile Sockeye abundances on the
dominant cycles. A review of hypotheses is presented in Levy & Wood (1992).

Cyclic fluctuations in abundance have changed over time for Fraser Sockeye populations (Cass
and Wood 1994; Ricker 1997; Myers et al. 1998). From 1892 to 1912, most Fraser Sockeye
populations cycled synchronously, with one dominant cycle line occurring every four years,
followed by three weaker cycle lines (Figure 5). The dominant cycle occurred on the 1901 cycle
line (for reference this would have been the 2009 cycle in current years), and appears to have
persisted from as far back as the first reference to Fraser River Sockeye in 1793 (Fisheries and
Oceans Canada 1998). During this early period of synchronous cyclic dominance (up to the
1913 Hells Gate landslide), the Fraser River was often considered to be the greatest Sockeye
producer globally (Aro and Shepard 1967). Average returns from 1893 to 1913, on the 1901
dominant cycle, were 30.6 million Sockeye (Figure 5). Catch during dominant cycle years
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averaged 21.7 million and escapement averaged 8.9 million (Figure 5). On the remaining three
weaker cycles, during this period, returns (average: 5.3 million annually), catch (average: 4.6
million annually) and escapement (average: 0.7 million) were considerably lower than the
dominant (1901) cycle.

In 1913, construction work on the Canadian Pacific Railway line in the Fraser Canyon caused a
major landslide at Hells Gate (see Figure 3 for location of Hells Gate in the Fraser Watershed).
The landslide created an almost complete barrier to the large Fraser Sockeye populations that
migrate into the upper watershed (Figures 3 & 5). The slide was particularly devastating
because it occurred on the synchronous dominant cycle year for all Fraser Sockeye
populations. As a result, the original dominant cycle (1901) was lost (Figure 5). After the 1913
landslide, considerable restoration work occurred at Hells Gate to permit upstream fish
passage, and management actions were implemented to reduce overfishing and permit stocks
to rebuild. Catch remained relatively high (2.1 million) despite the low Sockeye run sizes from
1914 to 1929 (average return: 2.4 million). After 1929, the run started to re-build slightly, with a
less distinct dominant cycle occurring in 1930 (Figure 5).

Starting in the 1980's, the total Sockeye run built to a maximum return of 23.6 million (1993),
and subsequently declined. Highly cyclic stocks, during this recent period, included the
Shuswap Early Summer (Shuswap-ES) and Late (Shuswap Complex-L) runs (dominant cycle
year: 2010), Quesnel (Quesnel-S), Early & Late Stuart (Takla-Trembleur-Stuart-S and Takla-
Trembleur-EStu)(dominant cycle year: 2009) and Nadina (Nadina-Francois-ES) & Gates
(Anderson-Seton-ES) (dominant cycle year: 2008). In recent years, returns have been
particularly small (from 2007 to 2009 average return: 1.3 million; average escapement: 0.9
million; average catch: 0.4 million). In 2009, extremely low returns corresponded with the lowest
productivity on record for most Fraser Sockeye stocks (Grant et al. 2010). In contrast,
preliminary returns in 2010 were relatively high (~30 million preliminary returns as of October
11, 2010), and corresponded with average productivity for most stocks (above average
productivity for Shuswap stocks). The mechanisms that produced the anomalously low returns
of 2009 and the extremely high returns of 2010 remain uncertain, and are the subject of on-
going scientific investigation.
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Productivity and Survival

Overall productivity (recruits-per-effective total spawner) for Fraser Sockeye was generally high
up to the mid-1980’s, and has subsequently declined (Figure 6 A). In recent years, productivity
for some CUs has been below replacement (Appendix 3, Figure 1 d). The overall productivity
trend in Figure 6A is driven by the most abundant CUs, which are largely Summer Run CUs
(Chilko-ES/Chilko-S, Quesnel-S, Francois-Fraser-S (Stellako) and Takla-Trembleur-Stuart-S
(Late Stuart)) that coincide with increases in escapement (Figure 6B). Amongst the remaining
individual CUs, however, there is considerable variability in productivity trends (Grant et al.
2010; Appendix 3, Figures 1 c & d).

For the 17 current CUs and 2 de novo ‘CUs’ with stock-recruitment data, Most CUs have
exhibited a general decreasing trend in productivity, however, the timing of when this trend
began differs amongst stocks (Grant et al. 2010; Appendix 3, Figures 1 ¢ & d). Seven CUs have
exhibited decreasing trends since the 1960’s-1970’s (Takla-Trembleur-EStu, Bowron-ES, North
Barriere-ES (de novo), Anderson-Seton-ES, Nadina-Francois-ES, Shuswap-ES and Seton-L).
Eight CUs, including the four Summer Run CUs, have experienced decreasing trends starting in
the 1980’s-1990's (Cultus-L, Pitt-ES, Chilko-ES/Chilko-S, Takla-Trembleur-Stuart-S, Quesnel-S,
Francois-Fraser-S and Lillooet-Harrison-L). Kamloops-ES (comprised of Raft River Sockeye),
Shuswap Complex-L and Harrison (U/S)-L (Weaver Creek & Channel) have not exhibited any
persistent trends, while Harrison River (River-Type) is the one exception that has exhibited an
increasing trend (with the exception of the 2005 brood year, which exhibited the lowest
productivity on record for Harrison) (Grant et al. 2010; Appendix 3, Figures 1 ¢ & d).

To understand which broad ecosystem is driving changes in CU productivity, total survival can
be partitioned into freshwater and marine survival, when both outmigrating smolt and adult
return data are available. For Fraser Sockeye, only Chilko-ES/Chilko-S and Cultus-L Sockeye
CUs have both smolt and adult return data. Most mortality in Fraser Sockeye occurs in the
freshwater environment between the egg to smolt stage. On average, 4 billion (+ 3 billion) eggs
are laid per year, based on the total annual number of Fraser Sockeye effective female
spawners (EFS) multiplied by their average fecundity (3,500 eggs/EFS). Freshwater survival
(smolts/egg), as indicated by Chilko River Sockeye, has been 3% on average, which is one third
the average marine survival (adult recruits/smolt) of 9%. It is important to also note that marine
survival estimates generally include some freshwater mortality, encountered in the Fraser River
between the time smolts are counted exiting their rearing lakes and when they enter the marine
environment. Chilko-ES/Chilko-S freshwater production has been exceptional in recent years;
numbers of outmigrating smolts in the 2005 (77 million age-1 smolts) and 2006 (71 million age-1
smolts) brood years were well above average for this CU (1954-2009 brood years: 20 million
age-1 smolts) (Figure 7 A). In contrast, both Chilko ES/Chilko-S and Cultus-L have experienced
particularly low marine survival (below their cycle average) in the past four to eight brood years
(Figure 7 B).
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Figure 6. A) Four-year running average productivity in recruits (age-4, plus age 5,)-per-
effective-total-spawner, and B) Escapement (effective total spawners) for Fraser
Sockeye CUs. These trends are driven by CUs that dominate total abundance
(Quesnel-S, Chilko-ES/Chilko-S, Takla-Trembleur-Stuart S, and Francois-Fraser-S).
There is considerable variability in productivity trends amongst Fraser Sockeye CUs
that deviate from this broad trend (Grant et al. 2010).
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Figure 7. A) Chilko-ES/Chilko-S (blue solid line with circles) and Cultus (red solid line
with circles) freshwater survival estimated as loge smolts/egg (eggs: number of effective
female spawners multiplied by the average fecundity of 3,000 eggs/female). B) Chilko-
ES/Chilko-S (blue solid line with circles) & Cultus-L (red dashed line with triangles)
marine survival (loge recruits/smolt) from the 1951-2005 brood years. Note: the 2004
and 2005 brood year marine survival data include preliminary 2009 and 2010 age-4 and
age-5 return data (these years are current in the process of being finalized). Cultus-L
freshwater production in recent years (2000-2005) includes wild production only. Re-
printed from Grant et al. (2010).
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FRASER SOCKEYE POPULATION STRUCTURE

Genetics

The last glacial period is likely a major factor in the overall structure of current Fraser Sockeye
populations. Two major glacial refugia influenced the current Fraser Sockeye population
structure: the Cascadia refugia and the Beringia refugia (Wood et al. 1994; Withler et al. 2000;
Beacham et al. 2005). Post-glaciation, the lower Fraser River was likely colonized by Sockeye
moving in from the coastal North-Eastern Pacific (Beringia refugia), while the upper Fraser was
likely colonized by Sockeye from the Columbia and Skeena Rivers (Cascadia refugia)(Wood et
al. 1994). Recent genetic evidence has confirmed these two lineages for Fraser Sockeye
(Beacham et al. 2005).

Since this last glacial period, the next major event to affect Fraser populations (particularly
upper Fraser populations) was the 1913 Hells Gate landslide, which blocked Fraser Sockeye
passage and dramatically reduced upper Fraser populations (see Figures 3 & 5). This event, in
combination with relatively large fisheries, nearly extirpated Upper Fraser populations (Ricker
1950). Post-1913, despite both reduced population sizes and hatchery enhancement work in
the Upper Fraser, there is little evidence that genetic bottlenecks (lower genetic variation) have
occurred in Upper Fraser populations. Generally, transplants contributed little to the genetic
variation of Fraser populations, with the exception of the upper Adams River (not a current CU
since this new population is not persistent), Fennell Creek (North Barriere-ES) and Portage
Creek (Seton-L) Sockeye (Withler et al. 2000). The original populations for these three CUs are
considered extirpated (respectively, Adams-ES, North Barriere-ES and Seton-S; note: Seton
timing changed from summer to late, after hatchery enhancement). The main factor contributing
to the current genetic structure of Fraser populations is post-glacial colonization and limited
straying from nursery lakes (Withler et al. 2000).

Run-Timing

The run timing groups of Fraser Sockeye were established for fishery management purposes,
and, therefore, consist of populations with similar migratory timing during their return from the
ocean to their spawning grounds. The earliest timed run is the Early Stuart Run, which is
comprised of one Fraser Sockeye stock (Early Stuart: Takla-Trembleur-EStu CU) that spawns in
the Takla-Trembleur watershed, and arrives in the lower Fraser River from late-June to late-
July. The Early Summer Run, comprised of eight key stocks (Bowron: Bowron-ES; Raft:
Kamloops-ES; Fennell: North Barriere (de novo); Gates: Anderson-Seton-ES; Nadina: Nadina-
Francois-ES; Pitt: Pitt-ES; and Scotch & Seymour: Shuswap-ES) and a number of smaller
stocks rolled up into an early summer miscellaneous group, spawn throughout the Fraser
system, and arrive in the river from mid-July to mid-August. The Summer Run consists of four
stocks (Chilko: Chilko ES/Chilko-S; Late Stuart: Takla-Trembleur-Stuart-S; Quesnel: Quesnel-S;
and Stellako: Francois-Fraser-S) that arrive in the river from mid-July to early-September. The
last run timing group to enter the Fraser watershed is the Late Run, which is comprised of six
key stocks (Cultus: Cultus-L; Harrison: Harrison River (Rivery-Type); Late Shuswap: Shuswap
Complex-L; Portage: Seton-L; Weaver: Harrison (U/S)-L; Birkenhead: Harrison-Lillooet-L) and a
number of smaller stocks rolled up into a miscellaneous Late Run group, all of which enter the
Fraser from late-July to mid-October. Historically, Late Run Sockeye held in the Strait of
Georgia for three to six weeks prior to their upstream migration to their spawning grounds.
However, starting in 1995, Late Run Sockeye migrated into the Fraser River with little delay in
the Strait of Georgia, and this early entry was associated with high mortality rates. From 2002-
2009, the Birkenhead population (Lillooet-Harrison CU) was separated from the Late Run group
because their timing was more similar to Summer Run stocks, and because they did not exhibit
high pre-spawn mortality similar to other Late Run stocks. However, starting in 2010,
Birkenhead sockeye were re-integrated into the Late Run group because their timing had
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shifted to later than most Late Run stocks. The Summer-Run timing group typically dominates
return abundances (Fisheries and Oceans Canada 2006;Fisheries and Oceans Canada
2008;Fisheries and Oceans Canada 2009), with the exception of the 2006 cycle, which is the
dominant cycle for the Adams River Sockeye run (Shuswap Complex-L CU) (Grant et al. 2010).
Overall, there is considerable overlap amongst all run timing groups.

Conservation Units

Methodology for the identification of conservation units (CUs) for Canada’s salmon stocks in
British Columbia (DFQO’s Pacific Region) is detailed in Holtby & Ciruna (2007). Also presented in
Holtby & Ciruna (2007) was the original Fraser Sockeye CU list, subject to change as new data
and information becomes available. This Fraser Sockeye CU list was recently modified (August
17, 2011)(Tables 1 & 2), after further consideration of Fraser Sockeye biology and escapement
data. A number of CUs, and their associated escapement enumeration sites, changed in the
latest Fraser Sockeye CU list (Tables 1 & 2; Holtby (2010 in prep)). Changes to the current and
extirpated CUs, removal of CUs from the original list, and the addition of CUs to the new ‘de
novo’ category, are documented in the proceeding CU results sections.

The first step in the identification of CUs for Fraser Sockeye, described by Holtby and Ciruna
(2007), was to partition populations into two major life-history types: lake-type (rear in
freshwater as juveniles for one to three years) and river-type (migrate to the ocean after gravel
emergence). Subsequently, run-timing (for lake-type Sockeye), genetics, and freshwater-marine
joint adaptive zones (for river-type Sockeye) were further used to identify and name individual
CUs. Lake-type CUs include Sockeye populations observed in or above a lake or at a lake
outlet (lakes larger than ~0.5 km?) where there were no barriers to juvenile Sockeye passage.
Generally, a single rearing lake that meets these conditions is used in the first part of a CU’s
name. There are cases where clusters of hydrologically connected lakes (<1 km?) are combined
into a single CU (e.g. Shuswap Complex-L), unless evidence exists to indicate these
populations are genetically or ecologically distinct. Run timing (Early Stuart: EStu, Early
Summer: ES, Summer: S; Late: L) is another factor used to distinguish between lake-type
Sockeye CUs and, after the juvenile rearing lake, is used in a lake-type CU’s hame. Where data
are available, lake-type Sockeye CUs are further partitioned into upstream (e.g. Weaver Creek
and Channel populations that migrate upstream as fry to rear in Harrison Lake: Harrison (U/S)-
L) and downstream lake migrants (e.g. the Big Silver population that migrates downstream as
fry to rear in Harrison Lake as juveniles: Harrison (D/S)-L)(Holtby and Ciruna 2007).
Conservation units were identified as new (de novo) if they were previously extirpated and,
subsequently, were re-established through hatchery transplants from other systems (e.g. North
Barriere-ES (de novo) and Seton-L (de novo)). Technically these hatchery origin populations do
not meet the strict WSP definition of a CU, but these CUs are included in analyses as they
contribute some production to overall Fraser Sockeye abundances.

River-type CUs do not meet the criteria outlined above for lake-type CUs, as these Sockeye do
not rear in lakes after emergence from gravel. Instead, river-type Sockeye migrate to the ocean
after gravel emergence. Although river-type CUs are typically named after the freshwater
adaptive zone they occupy during spawning, there are a few Fraser Sockeye river-type CUs that
are named after their spawning system. For example, river-type Sockeye that spawn in the
Widgeon Slough and migrate to the ocean after they emerge from the gravel are named
Widgeon (River-Type) (Holtby and Ciruna 2007).

THREATS
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The number of salmon that return to the Fraser River in any given year is determined by the
number of effective spawners in the parental generation (specifically the number of eggs
deposited in spawning gravel), age of maturity at return, and survival from the egg stage
through to adult returns. Considerable mortality occurs in the freshwater and marine
environments during the egg stage (egg incubation in lake or stream gravel), fry stage (lake
rearing), smolt, and juvenile stages (downstream migration in the Fraser, Strait of Georgia
ocean entry, and rapid northward migration through the Johnstone Strait, along the continental
shelf to the North Pacific). Mortality can also occur in the adult stage prior to spawning, either
en-route to the spawning grounds in the Fraser River, or on the spawning grounds (pre-spawn
mortality). In addition, direct removal of adults through fisheries reduces the number of fish that
reach their natal streams, rivers and lakes to spawn. A number of threats to salmon stocks in
general, and to Fraser Sockeye populations in particular, have been identified and include the
following: fisheries, environmental conditions in the freshwater and marine environments, en-
route and pre-spawn mortality, habitat alteration, exotic species, and pathogens and disease.

Fisheries

Management: past & present

From 1946-1984 the International Pacific Salmon Fishery Commission (IPSFC) was responsible
for management of Canadian (British Columbia) and United States (Washington State) fisheries
in an area known as the Convention Area. The total allowable catch (TAC) of salmon in this
area was shared equally between Canada and the United States. Since 1985, following the
Pacific Salmon Treaty, the Fraser River Panel (FRP) of the Pacific Salmon Commission (PSC)
has regulated management of Fraser Sockeye fisheries in Panel Area waters (updated January
27, 2009: www.psc.org/pubs/Treaty.pdf (Figure 8). The Fraser River Panel is comprised of
Canadian and U.S. representatives, and its purpose is to ensure that spawning escapement
targets for each major stock or stock group, set by Canada as well as international and
domestic allocation goals, are met (Fisheries and Oceans Canada 1998). Under the Treaty, the
U.S. share of the Fraser Sockeye harvest has gradually decreased; under the current annex it is
16.5% of international TAC. DFO is responsible for management of the Canadian fisheries
outside the Panel area (Figure 8), but must coordinate actions with the Fraser Panel (FRP) to
ensure that escapement and allocation objectives are met. Annually, DFO produces a Southern
B.C. Salmon Integrated Fisheries Management Plan (IFMP) for all salmon fisheries in BC
waters, which incorporates the results of consultations, and input from First Nations, commercial
and recreational sectors, and NGOs. The IFMP provides specific decision rules for a number of
salmon fisheries, including those directed at Fraser River Sockeye (see IFMP’s on the following
DFO Website: http://www-0ps2.pac.dfo-mpo.gc.ca/xnet/content/MPlans/MPlans.htm.

Management of Fraser River Sockeye is highly complex, since there are approximately 19
major stock groups with inter-annual differences occurring in abundance and migration timing.
Under the terms of the Treaty, fisheries are managed using information on four run-timing
aggregates: Early Stuart, Early Summer, Summer and Late. Typically, several stocks will co-
occur in the primary fishing areas because of similarities in the marine arrival and upstream
migration timings of different stocks. In addition, the diversion rate (proportion of Fraser
Sockeye stocks approaching the Fraser River via the northern route through Johnstone Strait)
varies considerably both within and between years. For these reasons, and because of the
different escapement objectives for each stock, Fraser Sockeye management decisions
frequently involve trade-offs between harvest and meeting the escapement objectives of the
various stock-groups. For example, it is not uncommon for some fraction of the harvest of more
abundant stocks to be foregone to protect less abundant stocks with similar migration timing.
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Fishing plans for Sockeye are based initially on pre-season forecasts of stock abundance,
diversion rates (through Johnstone Strait versus Juan de Fuca Strait), and migration timing.
Typically, contingency plans are developed on a range of forecast values, including potential
forecasts that are both lower and higher than the median predictions. Pre-season plans are later
refined by in-season estimates of return abundance, derived from relative abundance indices in
test fisheries, estimates of lower river escapements from the PSC hydro-acoustic facility at
Mission (B.C.), data from other sources of harvest, as well as stock composition analysis.
Fishery openings and closures in Panel waters are managed by the FRP to achieve target
escapement levels for the four run timing groups. Canada co-ordinates its Fraser Sockeye
fisheries outside Panel waters to ensure they are consistent with international and domestic
objectives. Both Canada and the U.S. adjust fisheries directed at Fraser Sockeye to minimize
interceptions of non-target species such as Pink, Chum, Chinook, Coho and Steelhead salmon,
and to limit catches of stocks of concern, such as interior Fraser Coho, Steelhead, Sakinaw and
Cultus Sockeye. Throughout the fishing season (June to late September), estimates of Sockeye
run size and stock composition are constantly revised, and management responds with
adjustments to fisheries decisions (based on changes in run estimates, spawning escapement
objectives, gross escapement objectives, and available TAC). Gross escapement objectives
include the spawning escapement targets plus any in-river catch requirements, and an
additional factor called a management adjustment. Management adjustments are additions to
the spawning escapements targets that ensure that the number of fish reaching spawning areas
will reach desired levels. Management adjustments account for both systematic differences
between upper and lower river escapement estimates, as well as in-river migration conditions.
River migration conditions are monitored daily, and management adjustments are updated
frequently during the in-season period based on the combination of observed and forecasted
river conditions.

Information on in-season changes are provided on the PSC website:
www.psc.org/news_frpnews.htm and through DFO Fisheries Notices: http://www-0ops2.pac.dfo-
mpo.gc.ca/xnet/content/fns/index.cfm?pg=search_options&lang=en&id=recreational.

After each fishing season, Panel management decisions and strategies are assessed to
determine if goals were met, and to look at options for improving management, data collection,
and analysis techniques.

Catch History
The first cannery was built on the Fraser River in 1866, spurring rapid development of the

commercial gillnet fishery. Relative to total returns, this fishery was particularly intense on the
subdominant cycles (Figure 5). It is likely that fisheries exaggerated the cyclical pattern of return
abundances, maintaining weak cycles (relative to the dominant 1901 cycle) due to depensatory
exploitation rates. Prior to 1913, catches ranged from 1.8 to 32.3 million (Figure 5). After the
Hells Gate landslide, upstream passage was greatly restricted for several years, and
subsequent overfishing further constricted Sockeye abundances. As a result, catches declined
to an average of 1.9 million fish from 1915-1930 on all cycles (Figure 5) (Fisheries and Oceans
Canada 1998). Exploitation rates (catch/total return) were again high from 1950 to the mid-
1990s (average: 75%), and have subsequently declined (average: 34%). The highest catch
since 1958 occurred in 1993 (17.8 million Fraser Sockeye caught), with 95% of this occurring in
marine areas. In recent years (2007-2009), catches have been the lowest on the time series
(average: 2.5 million), due to extremely low returns in these years. During these years the
majority of harvests in Canada were allocated to meet First Nation's FSC (food, social and
ceremonial) needs. However, on larger return years, most catch still occurs in the marine areas;
the majority of the Canadian commercial harvest is caught in the troll fisheries, the purse seine
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and gillnet fisheries in Johnstone and Juan de Fuca Straits, and the gillnet fishery in the Fraser
River. Additional commercial catch occurs in smaller commercial fisheries in northern and
central B.C. that occasionally intercept Fraser River Sockeye, and in a few directed fisheries in
the Strait of Georgia that primarily target Late Run Fraser stocks. Other Fraser Sockeye catch
occurs in the native food fisheries that operate throughout the Fraser River watershed, and in
the recreational fishery, which has increased its catches since the mid-1990’s, with the
development of the in-river fishery upstream of Mission. United States (U.S.) catches mainly
occur in net fisheries in the southern approaches to the Fraser River, specifically the U.S.
waters in the Juan de Fuca Strait, near the San Juan Islands, and south of Point Roberts. Some
Fraser Sockeye are also taken incidentally in southeastern Alaska. United States catches are
generally small, averaging at 18% of total catch since 1993.
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Figure 8. British Columbia and Washington fishery management areas
http://www.psc.org/ including Fraser River Panel Area waters (shaded grey).

Environmental Conditions (Freshwater Author: M. Hague, Science, DFQO)

Freshwater Environment

Freshwater life history stages account for a significant proportion of overall mortality and
variation in total mortality (>40%) in Sockeye salmon species (Bradford 1995). The transition
and migration between habitats at critical life stages expose Sockeye salmon to high levels of
mortality. Examples of high levels of mortality at critical stages include high mortality rates (60-
90%) reported for egg to fry stages in Takla River (D. Patterson and M. Hague, DFO, pers.
comm.), estimates of high mortality (>50%) during smolt outmigration for Cultus and Chilko
Sockeye smolts (Welch et al. 2008)(S. Hinch, UBC, pers. comm.) and Fraser Sockeye
premature mortality (often exceeding 20%) during freshwater migration and spawning
(Gilhousen 1990; Peterman et al. 2010). The combined effects of mortality in different
freshwater life history stages have ultimately been linked to overall changes in productivity and
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abundance of salmon populations. Rates of population decline and variability in total survival
have sometimes been attributed, in part, to indices of freshwater habitat condition (Bradford and
Irvine 2000; Mueter et al. 2005).

In contrast to the marine environment, specific freshwater processes controlling survival are
generally well identified. During the egg development stage, survival has been directly linked to
water quality issues, such as temperature, sedimentation, metals, and dissolved oxygen in the
spawning environment (Levasseur et al. 2006; Greig et al. 2007). Scouring by high winter flows
(Steen and Quinn 1999) or dewatering due to low water levels (Neitzel and Becker 1985) are
also a concern. Estimates of productive capacity for Fraser Sockeye lakes have been
forecasted from photosynthetic rate models (Shortreed et al. 2001), and can be used as an
index of lake rearing suitability. Recent studies show that density-dependent growth rates of fry
are also mediated by interactions with lake temperature (Crozier et al. 2010). There is no direct
data linking smolt survival with environmental conditions for Fraser Sockeye, but other studies
have shown positive relationships between spring flows and smolt outmigration survival (Kjelson
and Brandes 1989). Adult spawning migration survival is a function of both acute and
cumulative impacts largely mediated by exposure to extreme temperatures and flows
(Gilhousen 1990; Wagner et al. 2005; Crossin et al. 2008; Macdonald et al. 2010; Mathes et al.
2010).

There are a multitude of factors influencing salmonid freshwater survival, but temperature
indices are often used to summarise the overall quality of freshwater habitat (Nelitz et al. 2007)
since many physiological and phenological processes are related to thermal conditions (Brett
1971). Furthermore, significant trends in warming freshwater temperatures (Quinn and Adams
1996; Foreman et al. 2001; Patterson and Hague 2007; Patterson et al. 2007a) and changes in
hydrology (Rodenhuis et al. 2007; Pike et al. 2008) are consistent with changes in river entry
timing and behaviour for salmon populations in the Columbia River system (Quinn et al. 1997,
Goniea et al. 2006), as well as an increased frequency of high en-route loss events for Fraser
River Sockeye salmon (Macdonald et al. 2010; M. Hague and D. Patterson, DFO, pers. comm.).
Despite basin-wide temperature increases, and the role of temperature in mediating growth and
survival at juvenile life stages, the limited data available shows no consistent trends across
populations. Similarly, the increase in water temperatures and the expected changes in the
timing of migration for fry (e.g. Stuart/Takla DFO data), smolts (Mission timing DFO data), and
adults (Late Run) have not occurred.

There is a general consensus that the Fraser River will continue to warm throughout the 21°
century and will likely shift from a predominantly snowmelt to a rainfall driven system (Morrison
et al. 2002; Ferrari et al. 2007; Nelitz et al. 2009). These changes could alternatively be
exacerbated (pine beetle, forest harvest, groundwater) or potentially mitigated by anthropogenic
activities occurring during the same time period (Nelitz et al. 2009; McDaniels et al. 2010).
Climate change has the potential to impact all salmon freshwater life history stages, however,
experts have identified the fresh water egg-to-fry and adult spawning migration as being the
most susceptible (McDaniels et al. 2010). If warming trends continue as anticipated, the majority
of Fraser River Sockeye salmon populations are generally expected to suffer from increases in
the frequency and magnitude of en-route loss events (Martins et al. 2011), and we may also
anticipate basin-wide declines in egg and fry survival (McDaniels et al. 2010).

Marine Environment

In addition to freshwater conditions, ocean environmental conditions also contribute to both
large interannual variations in productivity (recruits/spawner) of salmon as well as longer-term
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persistent changes in average productivity (Mantua et al. 1997; Beamish et al. 1997; Beamish et
al. 1999; Beamish et al. 2004b). The mechanisms that link changes in climate to changes in
salmon productivity are poorly understood. However, it is generally thought that salmon are
most vulnerable in the first six months after ocean entry (early ocean entry to first over-winter
period) when they are their smallest size and, therefore, most vulnerable to the two major
mortality mechanisms, predation and starvation (Beamish and Mahnken 2001). In particular, it is
hypothesized that during the early ocean entry period salmon are particularly vulnerable to
predation due to their small size, and that during their first ocean over-winter period they are
most vulnerable to starvation and that reaching a critical size is the key to over-winter survival
(Beamish and Mahnken 2001). For Fraser Sockeye, given that almost all populations enter the
Strait of Georgia as smolts and then generally rapidly migrate northward through the Johnstone
Strait, along the continental shelf and out into the North Pacific (Tucker et al. 2009; Welch et al.
2009), there is a broad area over which these fish will be particularly vulnerable to early marine
mortality.

Longer-term fluctuations in salmon population have been linked to broad changes in ocean
climate that start with changes in major pressure systems over the Pacific, affecting ocean
temperatures and productivity. Two key indices of the climate-ocean system include the
Aleutian Low Pressure Index (ALPI) (Beamish et al. 1997) and the Pacific Decadal Oscillation
(PDO) (Mantua et al. 1997). Positive ALPI (a measure of the intensity of the Aleutian Low
pressure system in the North Pacific) indicate large Aleutian Lows and decreased upwelling
along coastal North America; negative values indicate the opposite. Positive PDO (an index of
sea surface temperatures in the Pacific) indicate warmer temperatures along the west coast of
North America and cooling in the central Pacific; negative PDO’s indicate the opposite. In
summary, positive ALPI and negative PDO’s represent improved ocean conditions for salmon.
There has been evidence of major shifts in these indices in 1925, 1947, 1977, 1989 (ALPI only),
and 1998 (Beamish et al. 1997; Beamish et al. 1999; Beamish et al. 2004a; Beamish et al.
2004b; Beamish et al. 2004c). Specifically, 1977 to 1988 was a productive period for Sockeye
Salmon (Beamish et al. 2004b) followed by a period of decreased productivity in the 1990’s.
This coincides with a period of increasing numbers of returning Fraser Sockeye up to the mid-
1990’'s and a subsequent decrease in abundance (Figure 5). In addition to broader changes in
ocean conditions, regional-scale factors such as sea-surface-temperature have also been used
to predict survival rates in salmon (Mueter et al. 2002; Mueter et al. 2005).

Despite these linkages to broad scale and regional climate patterns in the ocean, predicting
future survival of Fraser Sockeye salmon remains a challenge (Haeseker et al. 2008; Grant et
al. 2010). There is likely a complex set of conditions in both the freshwater and marine
environment (temperature, food availability, and predation) covering a broad temporal and
spatial scale, that determines survival and total recruitment for Fraser Sockeye stocks. These
conditions likely vary interannually, and therefore, no one factor is sufficient to explain variability
in Fraser Sockeye recruitment.
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Early Migration and Pre-Spawn Mortality (Author: D. Patterson, Science, DFQO)

Pre-Spawn Mortality

The historic pre-spawn mortality (PSM), quantified as population estimates of the percentage of
egg retention in female carcasses recovered from the spawning grounds, for Fraser Sockeye
salmon populations averages from 10 to 15% across populations, with extreme events (>40%)
being episodic and highly variable among stocks. The causes and associations of PSM are
complex and multi-factorial (Gilhousen 1990) and include pathogens, high stress and low
energy, and longevity on spawning grounds (Macdonald et al. 2000; Macdonald et al. 2007,
Crossin et al. 2008; Bradford et al. 2010b; Bradford et al. 2010c). Again, most of these factors
are accentuated by increasing temperatures and increased time spent in freshwater. Therefore,
it is not surprising that within-stock trends in PSM are correlated with migration timing and/or
migration and spawning ground temperatures (Gilhousen 1990). Correlations with temperature
also increase with proximity to spawning ground (Macdonald et al. 2007). While there are no
consistent trends across stocks, there is some evidence that PSM has been higher and more
variable in recent years for Late Run stocks (Hinch 2009), and in 2008 a system-wide PSM
event resulted in overall poor egg retention of 64% (DFO data).

Late Run Sockeye Early Migration

An extreme example of a threat to Sockeye salmon from both en-route and pre-spawn mortality
comes from a closer examination of Late Run Sockeye populations over the past 16 years.
During this time period, Late Run Sockeye have on average entered the Fraser River
approximately three to six weeks earlier than normal without a change in spawning dates
(Lapointe et al. 2003; Cooke et al. 2004). The early entry is a result of a reduced holding period
in the Strait of Georgia, as marine approach times have not changed. This has resulted in Late
Run Sockeye being exposed to higher en-route migration temperatures, associated with late
August/early September arrivals, for longer periods of time. The combination has contributed to
high en-route loss estimates (especially for the early entrants (English et al. 2005)) and high
PSM values in recent years. While the causes for the shift in early entry behaviour have proved
elusive (Hinch 2009), the consequences have been well documented. In 2009 and 2010,
however, Late-run Sockeye reverted to more normal entry timing.

Habitat Alteration

Fraser Sockeye have specific habitat requirements during their freshwater life-history stages
(including their entry into freshwater as adults and subsequent upstream migration to spawning
grounds; egg incubation in lake or river gravel; juvenile lake rearing; and downstream
outmigration as smolts enroute to the Pacific Ocean). Given significant mortality occurs in the
freshwater environment, habitat alteration in the freshwater may impact total survival and,
therefore, total recruitment for Fraser Sockeye. Throughout the watershed, urban development,
transportation corridors, agricultural and forestry land-use, recreational land and water-use,
water extraction, etc. represent risks to Fraser Sockeye during their freshwater residence.

Although water quality issues have not been identified as a watershed-wide concern for Fraser
Sockeye, there are localized water quality issues that represent risk to Fraser Sockeye survival
in the freshwater environment. In particular, all Fraser Sockeye populations must migrate
through the highly urbanized Lower Fraser River area during both their upstream migration as
adults and their downstream outmigration as juveniles. The greatest concentration of human
development within the Fraser watershed occurs in the Lower Mainland near the outlet of the
Fraser River (83% of total development in the Fraser watershed) (Schreier et al. 1991). In this
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area, Fraser Sockeye may be exposed to contaminant inputs from point sources (e.g. waste-
water treatment plants) and non-point sources (e.g. urban run-off) that can result in fish mortality
or may interfere with migration timing, homing behaviours, and physiological transitions into the
marine or freshwater environment. Sources and contaminants in the Strait of Georgia are
presented in detail in Grant and Ross (2002) and those in the Fraser watershed are found in
Johannessen and Ross (2002). Details on specific risks and impacts to Fraser Sockeye are also
documented (Johannessen and Ross 2002). Other localized impacts also occur, particularly in
lake environments with foreshore human development such as Cultus Lake and Shuswap Lake
(Main Arm), where agricultural runoff, foreshore septic systems, houseboats and other lake
recreation can input deleterious substances into the lake environment. Recent studies in
Shuswap Lake, for example, have detected notable declines in water quality.

Gravel removal for flood control, which has occurred in recent years in the Lower Fraser River
(downstream of the Fraser Canyon) between Hope and Mission, has been flagged by
stakeholders as a concern to Fraser Sockeye. However, currently there is no indication that
gravel removal impacts Fraser Sockeye during their upstream migration as adults or
downstream migration as smolts.

In the Upper Watershed (above the Fraser Canyon), forestry is the single largest land use
activity. Observed land-use issues related to forestry have included stream crossings impairing
fish migration, sediment input, riparian vegetation impacts etc. Generally, however, habitat
issues related to forestry have not been regarded as significant issues to Fraser Sockeye. More
recently, the Mountain Pine Beatle (MPB) (Dendroctonus ponderosae) has represented a major
issue related to forests and forestry in the upper watershed as it expands its range due to milder
winters. The MPB has affected a significant portion of the Fraser watershed by killing huge
areas of forest. The change in forest coverage due to both the MPB killed trees and resultant
salvage logging is predicted to cause significant hydrological changes in the watershed,
changing the nature and timing of peak flows, low flows and temperature regimes, and has the
potential to change riparian communities and sedimentation.

Water use and withdrawal for human use, occurring particularly in the Upper Fraser Watershed,
has been identified as a concern for certain waters that support Sockeye. Due to increasing
demands for water, reduced supply due to climactic variability, and the existence of long-
standing historical water rights, the availability of water for fish may be significantly reduced in
the near future. As an example, in southern and interior BC the natural period of low water
levels (flow) during the summer often coincides with peak irrigation demand, as well as the
migration and spawning period for salmon. A combination of these factors can significantly
impair the ability of salmon to successfully migrate and spawn, as has been observed in the
Thompson-Shuswap and Chilcotin areas.

Exotic Species

Exotic (non-native) fish species represent potential threats to salmonid populations in British
Columbia (Tovey et al. 2008; Bradford et al. 2008a; Bradford et al. 2008b). Non-native fish
species have largely expanded their distribution outside of their natural ranges through stocking
programs that occurred as early as the 1800’s (Rahel 2002). Due to the recognition of the risks
to native biota and ecosystems, stocking of non-native fish species has been more conservative
in the last two decades (Rahel 2002). However, non-native species continue to be introduced
into aquatic ecosystems through both unauthorized introductions by the public or through
continued expansions of their ranges from their initial point of introduction. Six exotic fish
species, in particular, present a risk to Fraser Sockeye, and include the Yellow Perch (Perca
flavescens), Pumpkinseed (Lepomis gibbosus), Northern Pike (Esox lucius), Walleye (Sander
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vitreus), Smallmouth bass (Micropterus dolomieu), and Largemouth bass (Micropterus
salmoides) (Tovey et al. 2008; Bradford et al. 2008a; Bradford et al. 2008b). For Perch,
Smallmouth and Largemouth Bass, the probability of becoming widely established once it has
arrived in BC is considered high (Bradford et al. 2008a; Bradford et al. 2008b). Other species
such as Pike, Walleye, Pumpkinseed present high risks to native biota if they spread further in
BC (Tovey et al. 2008). Depending on the invasive fish species, they can either compete for
food resources (i.e. Perch and Pumpkinseed) or are predators of (i.e. Pike, Walleye,
Smallmouth and Largemouth Bass) juvenile Fraser Sockeye in their rearing lakes.

Pathogens and Disease (Author: K. Garver, Science, DFO)

A diverse range of pathogens including viruses, bacteria, fungi and parasites can infect
Sockeye Salmon. However, it is important to note that the presence of a pathogen in a Sockeye
Salmon does not necessarily result in disease or compromised heath conditions. Whether or not
a Sockeye Salmon becomes diseased when exposed to a pathogen depends upon complex
interactions between the host, the pathogen and the environment in which these interactions
take place. Disease can present itself in Fraser Sockeye Salmon lethally or sublethally (e.g.
changes in swimming ability, growth, osmocompetence and reproduction). However,
quantification of these disease impacts in wild fish can be difficult. Due to the overall complexity
of disease it is extremely difficult to predict the occurrence and severity of disease and what, if
any, role disease plays in structuring Fraser River Sockeye populations.

Three pathogens that have been directly observed in Fraser Sockeye include infectious
hematopoietic necrosis (IHNN) virus, Ichthyophthirius mutifiliis and Parvicapsula minibircornis.
Infectious hematopoietic necrosis virus (IHNV) is an aquatic rhabdovirus that is enzootic
(constantly present) in Sockeye salmon populations in the Pacific Northwest of North America.
The virus infects all life history stages of Sockeye salmon, however IHN disease is
predominantly observed in fry, while adult spawning Sockeye, although carriers of virus, remain
asymptomatic. Mass mortality events due to IHNV disease have been reported in two Fraser
River Sockeye stocks. The first IHNV mortality event occurred in the spring of 1973 at Chilko
Lake, and resulted in an estimated loss of 23.7 million fry. Subsequently, in 1987 an IHNV
epizootic event occurred at Weaver Creek spawning channel resulting in nearly 50% mortality
(8.3 million fry died out of a total 16.8 million) of all migrating fry within days of leaving the
spawning channel. Despite these significant impacts incurred in Fraser Sockeye fry due to IHN
disease, long-term monitoring of Nadina River and Weaver Creek spawning channels has
revealed that over a 24-year period (1986-2009), IHNV prevalence varies annually within the
same Sockeye stock and is inconsistent between stocks. There is no correlation with IHNV
prevalence in adults and the occurrence in fry. Additionally, the data set illustrates that the
occurrence of IHN disease outbreaks in fry have not increased over the 24 year monitoring
period for either Weaver Creek or Nadina River stocks. Our inability to detect IHNV in Sockeye
salmon fry from Weaver Creek and Nadina River over the past 10 (1998-2007) and 16 (1992-
2007) years; respectively, suggests that IHNV is not a major contributor to the long-term decline
of these two stocks.

Ichthyophthirius multifiliis (ICH) is a naturally occurring freshwater ciliate protozoan that causes
a disease commonly referred to as “ich” or “white spot disease”. The pathogen typically does
not cause disease in Sockeye salmon. However, if conditions such as warm water, reduced
flows, and adult crowding exist then disease can occur due the development of high numbers of
this pathogen. Such disease events have been documented in Fraser and Skeena River
Sockeye salmon and have resulted in severe pre-spawn mortalities of up to 80%. However, as
with IHN disease, ICH disease prevalence has been inconsistent and varies between stocks.
Additionally, the frequency of ICH epizootic disease events at Weaver Creek and Nadina River
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has not increased since 1990, suggesting that ICH disease is not a major factor contributing to
the long term decline of these two stocks.

Parvicapsula minibicornis is a myxozoan parasite that is enzootic in Fraser River Sockeye
stocks. Surveys for the parasite have revealed that transmission occurs at or near the river
estuary and that adults and juvenile salmon become infected with the parasite as they migrate
through this area. In adult salmon, the prevalence and severity of infection is affected by time
and temperature, such that migrating Sockeye holding in the river under elevated river
temperatures are at higher risk of more severe infections. Severe P. minibicornis infections may
interfere with renal osmoregulatory function and increase the probability of pre-spawning
mortality. However, assigning a clear negative impact due to this parasite is difficult, as severe
P. minibicornis infections are also evident in successfully spawning fish. There are no data on
the severity of infection of juvenile Sockeye in marine waters with Parvicapsula. In the absence
of information regarding the relationship between Parvicapsula infection and disease in
Sockeye salmon, its contribution to migratory behaviour and/or high mortality remains unknown.
In summary, pathogens are a natural component of all ecosystems and not all infections lead to
disease. Often enzootic pathogens are ‘well-adapted’ in that they do little to harm their host,
however, the incidence and severity of disease from such pathogens may increase if abnormal
conditions and/or adverse factors (“stressors”) occur.

STATUS ASSESSMENT METHODS

DATA

Escapement Data

In the early 1900’s, spawner abundance was estimated by the Government of Canada’s
Fisheries Agency using visual technigques that were often opportunistic and not specifically
designed for the systems being assessed. In 1938, additional resources became available for
the development of improved estimation techniques, and concurrently the International Pacific
Salmon Fisheries Commission (IPSFC) assumed responsibility for the management and
assessment of Fraser River Sockeye resources. The IPSFC’s early work (Atkinson 1944;
Howard 1948; Schaefer 1951) resulted in a two-tiered escapement approach, with higher
precision assessment methods applied to stocks that were predicted to return at higher
abundances and lower precision methods applied to stocks predicted to return at lower
abundances (Woodey 1984; Andrew and Webb 1987).

With the signing of the Pacific Salmon Treaty in 1985, Fisheries and Oceans Canada (DFO)
assumed responsibility from the IPSFC for the assessment of Fraser River Sockeye, and
adopted the two-tiered escapement estimation system developed by the IPSFC, whereby the
method of estimation for each CU was based on the number of spawners expected to return in
a given year. Historically, low precision visual surveys have been used to enumerate stocks with
expected low escapements (<25,000 spawners). For stocks with large expected returns
(>25,000), higher precision methods, such as enumeration fences and mark-recapture
programs, were used. In 2004, this threshold was raised to >75,000 spawners to reduce the
number of stocks assessed with high precision methods due to funding limitations. Calibration
work by DFO is on-going to assess visual survey expansion factors for these larger population
sizes. Starting in the mid-1990’s, the number of assessed sites increased across a number of
larger Fraser Sockeye CUs, due to improvements in equipment (e.g. boats) and funding that
permitted increased spatial assessment coverage of smaller Sockeye spawning streams.
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Escapement enumeration methods for Fraser River Sockeye salmon are documented in a
number of technical reports (Houtman and Cone 1995; Schubert and Tadey 1997; Schubert and
Fanos 1997a; Schubert and Fanos 1997b; Schubert 1998; Cone 1999; Houtman et al. 2000;
Schubert 2000; Schubert 2007; Schubert and Houtman 2007). Annual escapement plans are
also available on-line: http://www.pac.dfo-mpo.gc.ca/fraserriver/escapeupdate.htm. Fence and
tower counts are considered the most accurate methods of estimating spawner abundance, with
almost all fish being counted as they migrate past, barring operational or environmental
constraints. Fence counts are typically used to calibrate less accurate visual surveys and to
estimate bias in mark recapture programs. Visual surveys are conducted by air (helicopter) or
ground (boat or foot) and are considered the least accurate and precise methods to assess
salmon abundance. Visual counts are expanded to total escapement based on calibration work,
in which fence counts were conducted simultaneously with visual surveys on smaller creeks
with generally good visibility. Although a factor of 1.8 is applied to expand escapement counts
from visual surveys to estimate total escapement (Andrew and Webb 1987), recent calibration
report that this factor typically underestimates actual escapement (estimates are negatively
biased) in larger systems (both size of system and numbers of spawners) (K. Benner, DFO,
pers. comm.). Mark recapture estimates fall somewhere between fence/tower counts and visual
surveys for accuracy and precision. Bias in mark recaptures is generally identified and corrected
in the analyses.

Escapement data (total number of adults that ‘escaped’ fisheries and were enumerated on the
spawning grounds) are recommended by Holt et al. (2009) to evaluate trends in abundance for
Pacific Salmon. For Fraser Sockeye however, additional data on the spawning success of
female fish are also available, and are therefore used in the current paper to estimate status for
trends in abundance and abundance metrics. Spawner success for a population is calculated as
the proportion of eggs (0%, 50%, or 100%) successfully spawned, based on spawning ground
carcass surveys. For trends in abundance metrics, effective female spawner (EFS) data are
used (product of the number of female spawners and spawner success) as egg production is
limited specifically by the number of females that have successfully spawned. For abundance
metrics, effective total spawner (ETS) data are used (product of the number of adult male and
female spawners and female spawner success). Both males and females (instead of just
females in the case of the trends in abundance metrics) are used for abundance metrics since
total abundance benchmarks are more readily transferable to fisheries management
applications and to other status assessments such as those conducted by the Committee on the
Status of Endangered Wildlife in Canada (COSEWIC). Effective total spawners data, however,
similar to effective female spawners, are calculated using female spawner success in its
calculation to more closely reflect successful spawners.

For most CU data, the start of the escapement (EFS & ETS) time series was truncated to 1950,
since earlier assessments were often conducted opportunistically using visual survey methods
not specifically designed for the system being assessed. There are some CUs for which the
escapement time series starts later than 1950, and these are documented in the proceeding
individual CU sections. At the time of this report, the most recent escapement data available
was 2009. Therefore, the escapement time series for each CU generally ran from 1950 to 2009.

For trends in abundance metrics, each assessable CU (and the two CU aggregates) had at
least one assessed stream site in the escapement record. Sites were included in the calculation
of total EFS for a CU if they were assessed for >70% of the historical time series (Appendix 1 &
Appendix 2). An annual EFS record was only included if the field assessment period for that
year coincided with peak escapement on the historical record, and if there was a minimum of
one site visit. The resolution of the escapement record for a number of CUs changes through
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time, with many sites that appear in the later time series (increased resolution) rolled up into
one site in the early time series (lower resolution). Examining how the resolution of sites
changed over time was a critical step in deciding whether a site should be included in the
escapement time series for a CU. For example, McNomee Creek (Shuswap-ES) was historically
rolled into the Seymour River site records, and was only recently recorded independently from
Seymour as its own site. Therefore, in the escapement record there was no data recorded
separately for the McNomee site until 1992. If this site was excluded in error, due to a lack of
expert knowledge on how the escapement resolution changed over time, this would have
introduced a negative bias in the recent time series.

For CUs with either no abundance estimates for any included site in a given year (for CUs with
multiple sites), or no abundance estimates for the single included site in a given year (for CUs
with only one site), missing data points were gap filled using cycle averages (Appendices 2 &
5). Gap filling is particularly important for dominant cycle years, which, if missing, could
significantly reduce the generational mean (i.e., smoothed four year running average) for
segments of the time series that include that missing estimate. Using the cycle average method,
abundance estimates for any missing year (e.g. 1942) were interpolated by inserting the mean
of the same cycle year (4-year cycle) from the immediately previous (e.g. 1938) and subsequent
generation (e.g. 1946). If the cycle year of either of the closest two generations was missing
(i.e., 4 years previous or subsequent to the missing point), the corresponding cycle year no
more than two generations away (e.g. 1934 & 1950) was used to calculate the mean.
Interpolation was conducted prior to loge transformation and smoothing (with the generational
mean) (Appendix 2 & Appendix 5).

For missing data points in CUs with multiple sites, those sites that were spatially proximate and
correlated in terms of abundance were grouped together. Gaps within these site groupings were
then filled using a mean proportion approach (Appendices 2 & 5). This approach fills gaps
based on the proportion each site contributes to the total group abundance, when averaged
across years for which data are available for all populations. In addition, for highly cyclic stocks,
the gap filling approach separated dominant and subdominant years (and in some cases also
weak cycle years), since site proportions varied by cycle year (e.g. Shuswap Complex-L and
Takla-Trembleur-EStu, where for Shuswap Complex-L just the dominant and subdominant
cycles were filled and for Takla-Trembleur-EStu all cycles were separated) (Appendices 2 & 5).

Simulation modelling to compare gap filling methods is currently being investigated at the time
of this publication (Carrie Holt, DFO Science).

Recruitment Data

Recruitment data are organized by stock and age by the Pacific Salmon Commission (PSC) and
are the sum of escapement (see previous section) and catch data, and, in recent years,
estimates of Sockeye en-route mortality during upstream migration to natal spawning grounds.
Escapement estimation is summarized in the previous section. For catch data, a variety of catch
assessment programs are conducted in both marine and freshwaters where fisheries that
intercept Fraser Sockeye occur. These fishery monitoring programs are described broadly in
integrated fishing plans: http://www.dfo-mpo.gc.ca/fm-gp/peches-fisheries/ifmp-gmp/index-
eng.htm. Details on study designs and catch statistics can be found for recreational and
commercial assessments on the following site: http://www.pac.dfo-mpo.gc.ca/stats/rec/index-
eng.htm. First Nations catch study designs and statistics are reported on the following site:
http://www.pac.dfo-mpo.gc.ca/fraserriver/firstnations.htm. Sockeye catch is partitioned into stock
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groups by using scale pattern analysis (Gable & Cox-Rogers 1993), and in recent years,
supplementary DNA analysis.

For scale pattern analysis, baseline standards are obtained from annual spawning ground
sampling (conducted by DFO as part of their annual escapement enumeration programs).
Samples are taken from fisheries (by gear type and opening) in Alaska, British Columbia and
Washington from late-June through to early October by the PSC. Additionally, Sockeye caught
in test fisheries are also sampled in both Panel and Non-Panel waters throughout the fishing
season (Gable & Cox-Rogers 1993). In 2000, the Pacific Salmon Commission (PSC) began
using DNA analysis, along with scale analysis, to improve the identification of Fraser River
sockeye stocks in mixed stock fisheries. The PSC presents catch partitioned by stock in their
final annual reports (http://www.psc.org/publications_annual fraserreport.ntm) and rolls this
catch information up with escapements and also differences between estimates (DBE,
described in proceeding paragraph) into their Production (stock-recruitment) database.

Differences between estimates (DBESs) are the estimates of Sockeye abundance as they
migrate past Mission (at the Mission Hyroacoustic assessment site) minus escapement to the
spawning grounds plus catch (upstream of Mission). Prior to 1992, DBEs were added only when
unusual environmental conditions were observed during a stock’s upstream migration or
spawning periods. Subsequently (1992 to present), differences between estimates were added
to a stock’s total return using the following decision rules: DBE’s were positive (Mission
abundance estimates were greater than a stock’s catch plus escapement); there was evidence
of adverse upstream migration conditions; escapement and/or catch assessments were likely
underestimated (biased low), and Mission estimates are unlikely to be significantly biased. Re-
evaluation of decision rules for adding run size adjustments (RSAs renamed from DBE'’s, given
they are not exclusively estimated by subtracting catch plus escapement from Mission
hydroacoustic estimates), to total returns (catch plus escapement), is currently part of an on-
going Pacific Salmon Treaty Technical Committee process.

For most CUs that have stock-recruitment data, the time series used for status evaluation
includes the brood years 1950-2004. Although for most CUs the time series begins prior to
1950, to be consistent with the trends in abundance metric only data starting in 1950 were used.
Exceptions to this time period include CUs where the stock-recruitment time series was
influenced strongly by the introduction of spawning channels, dam blockage, and differences in
population dynamics due to hatchery enhancement or poor data. To ensure that the entire
stock-recruitment time series is comparable, only brood years that occur after the construction
of spawning channels are included in the time series for the Anderson-Seton-ES (brood years
1968-2004), Nadina-Francois-ES (brood years 1973-2004), and Harrison (U/S)-L (brood years
1966-2004) CUs. For the North Barriere-ES (de novo) CU, only years after the removal of a
dam blocking Sockeye access to Fennell Creek were included (brood years 1967-2004).

CUs that have been influenced by hatchery enhancement were also truncated to eliminate
enhancement years. In the Shuswap-ES CU, a key site (Scotch Creek) was strongly influenced
by hatchery production prior to 1980, therefore, only stock-recruitment data from the 1980-2004
brood years were used. The Seton-L (de novo) CU similarly had early hatchery influences and
considerable gaps in the early time series, therefore, only stock recruitment data from the 1965-
2004 brood years were included. The Cultus-L CU was significantly enhanced in recent years,
therefore, the 2001 to 2004 brood years were not included. Although the hatchery program for
Cultus-L Sockeye started in 2000, the number of fry produced in this initial year was negligible,
therefore stock-recruitment data from the 2000 BY was included in the time series. Pitt-ES
Sockeye stock-recruitment data include adults that were removed for hatchery enhancement,
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since these fish contribute to subsequent recruitment in this system. Chilko-ES and Chilko-S
stock-recruitment data are combined into a single aggregate.

Escapement and Recruitment Data Quality

Overall data quality for each Fraser Sockeye CU can vary amongst sites and years. For the
purpose of this paper, both escapement and recruitment data are assigned one of the following
five codes to represent data quality:

1) Poor: an estimate with poor accuracy due to poor counting conditions, few surveys (one
or two in a given year), incomplete time series, etc.;

2) Fair: an estimate using two or more visual inspections that occur during peak spawning
where fish visibility is reasonable; methodology and data quality varies across the time
series in terms of good to poor quality;

3) Good: four or more visual inspections with good visibility;

4) Very Good: an estimate of high reliability using mark recapture methods, DIDSON
methods, or near-complete fence counts that have relatively high accuracy and
precision. Visual surveys that have been calibrated with local fence programs;

5) Excellent: an unbreached fence estimate with extremely high accuracy given an almost
complete census of counts.

A more detailed assessments could summarize data quality by year and site and across the
different data types used (escapement versus recruitment), but this work was not within the
scope of the current paper. In general, most Fraser Sockeye escapement data are collected
using methods rated three or above in the following scoring scheme.

Carrying Capacity Data

Sockeye production can be limited in the freshwater environment by the amount of available
spawning ground habitat for egg incubation and/or by the juvenile lake-rearing habitat (food
availability, competitor population size, etc.). For Fraser Sockeye, reliable (peer reviewed)
estimates of spawning ground capacity currently do not exist. However, juvenile Sockeye lake-
rearing capacity estimates are available and are updated in this paper using recent data on
photosynthetic rates (PR) and juvenile Sockeye competitor data. These updated capacity data
were then used to set Bayesian prior information on lake-rearing habitat capacity (Ricker stock-
recruitment model ‘b’ parameter priors) for the estimation of abundance metric benchmarks,
where available and appropriate. Although Bodtker et al. (2007) developed a Bayesian PR
(Photosynthetic Rate) method that explicitly takes into consideration the uncertainty associated
with lake productivity-derived estimates of spawner abundance at maximum smolt production
(Smax), this approach has not been updated in the current paper. Instead, lognormally distributed
priors were estimated for the Ricker carrying capacity (‘b’) parameter, using the average lake-
specific Syax derived from PR models and a standard deviation (sigma) that exceeds the CU’s
escapement range. River-type CUs do not rear as juveniles in lakes and, therefore, informative
juvenile lake rearing capacity priors were not appropriate for these CUs. Some lake-type CUs
either did not have PR specific Spax estimates, or the Sy« estimates varied significantly from
those estimated from stock-recruitment modelling alone. In these cases where lake-rearing
habitat capacity PR estimates are not appropriate for a particular Fraser Sockeye CU,
uninformative priors were used (uniformly distributed from 0 to, generally, 1 million).

The current paper updates estimates of juvenile Sockeye lake-rearing capacity, using data on
photosynthetic rate (PR) and juvenile Sockeye competitors by lake (Appendix 4, Tables A & B).
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Photosynthetic rate is positively correlated with fish yield in freshwater lakes (Fee et al. 1985;
Downing et al. 1990) and, in fact, is more closely correlated with fish yield than any other
variable (e.g. chlorophyll and total phosphorus) (Downing et al. 1990). A Sockeye-specific PR
model that predicts the abundance and biomass of Sockeye smolts produced at lake rearing
capacity, and the number of spawners required to produce those smolts was developed (Hume
et al. 1996) by combining PR analysis and the euphotic zone model of Koenings and Burkett
(1987). This PR model was recently further revised to explicitly use PR (Shortreed et al. 2000)
and adjust for the presence of competitors and age-2 smolts (Cox-Rogers et al. 2010).

The presence of competitors was expanded in the current paper to consider all common
competitors of juvenile Sockeye that are similarly planktivorous (feed on zooplankton). In the
Fraser study lakes, the most common competitors are often kokanee (Oncorhynchus nerka),
and may also include the redside shiner (Richardsonius balteatus), threespine stickleback
(Gasterosteus aculeatus), longfin smelt (Spirinchus thaleichthys), Chinook salmon (O.
tshawytscha), and various whitefish species (Coregonus spp.). Based on reports in the literature
(Roberge et al. 2001; McPhail 2007), and limited stomach analysis (data on file), this analyses
assumed that the diet of competitors is the same as that of age-0 Sockeye, and the competitor
biomass uses the same proportion of available food as an equivalent amount of Sockeye
biomass (Appendix 4, Tables A & B). This is a conservative approach, since our sampling data
indicate that these species occupy the lake's limnetic zone and are planktivorous, though we
have little data on competitor population variability or diet. Many competitor species may have a
wider dietary range than Sockeye, therefore we may be overestimating their competitive overlap
for zooplankton prey.

Although data on the abundance, biomass, diet, and temporal variability of juvenile Sockeye
competitors are limited, we have made preliminary estimates of competitor biomass based on
pelagic surveys. Abundance estimates were derived from hydroacoustic surveys and
community composition, and fish size data were obtained from midwater trawling (MacLellan
and Hume 2010). In some instances, we were able to distinguish between age-0 Sockeye and
kokanee using either genetic or otolith sampling, but these data were not always available. The
presence and abundance of age-1 kokanee was inferred from the trawl catch and from the
proportion of age-2 smolts in the adult return data (Appendix 3, Table A & B). A considerable
amount of work is required to improve these estimates, as sampling was often limited (e.g. ‘n/a’
in Appendix 3, Table B), and little is known about the seasonal abundance, distribution, or niche
overlap of Sockeye competitors in most of these lakes.

In many nursery lakes, a proportion of Sockeye fry from each brood year resides in the lake for
more than one year, outmigrating as age-2 smolts. During their lake rearing period, these older
fish compete directly with age-0 Sockeye, but they also contribute to smolt production and
cannot be treated as simple competitors. While the presence of older smolts will not affect the
predicted maximum smolt biomass a lake may produce, they can have a substantial effect on
the number of smolts that comprise this biomass. We accounted for the presence of older
smolts in our models by using the estimated weighted mean smolt size, based on the proportion
of each age class in the smolt run of each brood year (Cox-Rogers et al. 2010).

For lakes in the Fraser watershed, the limnological data used in applying the PR model was
collected for one to ten years on a monthly basis over most of the growing season (May to
October). An exception was Pitt Lake, which was sampled only 3 times over two years
(Shortreed et al. 2001). A detailed description of the methods used is available in Shortreed et
al. (1998). Details of the PR model and the adjustments described are presented in Cox-Rogers
et al. (2010).
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CLASS OF INDICATORS, METRICS AND BENCHMARKS
Spawner Abundance

Holt et al. (2009) and Holt (2009) recommend using the Ricker stock-recruitment model with a
Bayesian approach (with prior information on the carrying capacity parameter where available)
to estimate abundance benchmarks for Pacific Salmon CUs. For abundance metric lower and
upper benchmarks, Holt (2009) recommended using, respectively, Sge, (the spawner abundance
that would result in recovery to Sysy in one generation) and 80% Sysy. Simulation modelling
results indicated that using Sgen as a lower benchmark was associated with a relatively low
probability (<25%) of extirpation over 100 years for populations under equilibrium abundances
greater than15,000 spawners, and a relatively high probability (>75%) of recovery to Sysy in
three generations when fishery uncertainties were accounted for (Holt 2009). Details of the
Ricker model used to estimate benchmarks for Fraser Sockeye are documented in Holt et al.
(2009) and Holt (2009).

In addition to the standard Ricker stock-recruitment model that assumes stationary productivity
(constant Ricker ‘a’ parameter value over the entire time series), recommended by Holt et al.
(2009), Ricker model forms that consider time varying productivity were also used to estimate
abundance benchmarks for Fraser Sockeye CUs. Time varying productivity was an important
consideration in benchmark estimation for Fraser Sockeye, since most of these CUs have
exhibited systematic declines in productivity over recent decades. Results from simulation
modelling that evaluated the probability of extirpation (under a constant escapement policy
equal to the Sge, lower benchmark) across different assumptions about a population’s
productivity reported that extirpation risk was greatest under the assumptions of linear
decreases in productivity over time, or constant low productivity, relative to other productivity
scenarios (linear increase or stable medium or high productivities) (Holt 2009; Holt and Bradford
2011). In the current paper, several approaches to estimate changes in a CU’s intrinsic
productivity were used to estimate abundance benchmarks by altering the standard Ricker
model form. The resulting estimates of productivity better reflect recent periods compared to
estimates derived from the standard Ricker model that assumes stationary productivity.

The first approach for estimating time varying productivity was to truncate the stock-recruitment
time series to more recent (typically lower productivity) periods when fitting the standard Ricker
models. For most CUs with a complete time series (1950-2004 brood years), in addition to
estimating benchmarks using the full time series with the standard Ricker model, benchmarks
were estimated using two truncated data sets including the years 1970-2004 and 1990-2004.
For CUs with shorter time series’, in addition to using their full time series, data sets were
truncated to include only the 1990-2004 time period in benchmark estimation.

The second approach used to incorporate intrinsic productivity changes in benchmark
estimation is the smoothed-Ricker approach. This approach estimates the Ricker ‘a’ parameter
from a running-average of the last (most recent) four years in the stock-recruitment time series
(a; = loge(RYS)+bS, ).

The final (third) approach to estimate time varying productivity is the recursive-Bayesian Ricker
model. Similar to the Kalman filter (KF) approach, sometimes used for salmon stock
assessment (Dorner et al. 2008), the recursive-Bayesian Ricker model estimates trends in
productivity that are due to underlying processes. Estimates of productivity are independent of
the interannual variability that can be attributed, at least in part, to observation errors. Although
the KF is numerically less demanding than recursive-Bayesian estimation, prior information on
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model parameters can be easily included into the recursive-Bayesian approach. Including prior
information on population capacity (Ricker ‘b’ parameter) is especially critical when the time-
series of spawner and recruitment data are short or uninformative (most cases). Priors can
reduce the biases in parameter estimates that are due to observation errors in spawner
abundances (“errors-in-variables”) and recruitment anomalies at low spawner abundances
(“time-series bias”) (Walters and Martell 2004). Here, we build on previous use of recursive-
Bayesian Ricker models for estimating time-varying productivity for Sockeye salmon in the
Fraser River (Grant et al. 2010), by including informative priors on capacity. In preliminary
testing, we found that when priors are uninformative, parameter estimates from the recursive-
Bayesian Ricker model converge with the smoothed estimates from a Kalman filter.

Priors on the carrying capacity parameters (see Methods: Carrying Capacity Data; and Results:
Carrying Capacity) were incorporated into the different Bayesian Ricker model forms used to
estimate abundance benchmarks for Fraser Sockeye. Bayesian posterior parameter
distributions for the biological models were estimated using WinBUGS (Bayesian software
Using Gibbs Sampling) (WinBUGS is available at, http://www.mrc-
bsu.cam.ac.uk/bugs/welcome.shtml). Bayesian diagnostics were examined for all models and
CUs. We used Gelman & Rubin diagnostics and the Geweke Statistic, G (if G>2 or < -2 then
estimates derived from the first 10% of the chain differed from the last 50% and convergence
has not occurred), to determine if MCMC chain convergence had occurred. If convergence was
not achieved, the number of MCMC trials and/or the burn-in length was increased. Chains were
examined for autocorrelation, and thinned if this occurred.

The Larkin model, which accounts for the effects of biological interactions among cycle lines,
due to, for example, competition for food or predation (Walters and Staley 1987; Cass and
Grout 2006; Martell et al. 2008), was not included in this current evaluation of uncertainty in
abundance metric benchmarks. Our current method for estimating benchmarks using the Larkin
model assumes that there are equal abundances across each four-year generation of cycle-
lines, when incorporating the effect of interactions between cycle lines into the optimization.
Though this assumption is necessary for benchmark estimation, it violates a fundamental
attribute of the Larkin model, and does not capture the temporal variability in abundances
observed for most Fraser Sockeye CUs. The assumption of constant abundances across cycle
lines for Larkin benchmarks also results in very strong density dependence, low recruitment,
and often extremely small Sysy and Sgen Values. It may be possible to impose a more realistic
(though arguably arbitrary) sequence of spawner abundances into the optimization, or to
estimate cycle-line specific benchmarks. However, estimating cycle-line specific benchmarks is
challenging due to multiple local optimal values, the choice of which depends on the starting
values in the optimization algorithm (A. Cass, DFO, pers. comm.). While cycle-line specific
target escapements or harvest rates may be appropriate for management in order to optimize
harvest across cycle lines, uncertainty in the biological mechanisms underlying cyclic patterns
(and corresponding uncertainty in the probability of extirpation and recovery associated with
various cyclic patterns on benchmarks) makes it difficult to justify benchmarks on biological
status by cycle line. Instead, a longer-term perspective (e.g., aggregating over cycle lines) may
be more appropriate for identifying biological benchmarks and assessing status.

Holt (2009) and Holt and Bradford (2011) found that when the WSP recommended lower
benchmark (Sgen) was estimated using the Ricker model, the probability of extirpation, and the
recovery to Sysy from Sy, Were relatively robust to uncertainty in the underlying stock-
recruitment dynamics. The performance of lower benchmarks derived from the Ricker model did
not vary considerably when the underlying "true" stock-recruitment model was a Larkin model
with highly cyclic dynamics, compared to when it was a Ricker model. In contrast, Holt (2009)

Version Date: Aug 25 2011 Submission to CSAS 33


http://www.mrc-bsu.cam.ac.uk/bugs/welcome.shtml�
http://www.mrc-bsu.cam.ac.uk/bugs/welcome.shtml�

and Holt and Bradford (2011) found that uncertainty in productivity had a relatively large effect
on the probability of extirpation and recovery to Sysy from the lower (Sgen) benchmark.
Therefore, given the current challenges with estimating Larkin model benchmarks, and given
that lower benchmarks estimated using the Ricker model form are relatively robust to the
probability of extirpation and recovery to Sysy, only Ricker model derived benchmarks are
included in the current paper.

Holt et al. (2009) recommended evaluating CU status using the abundance metric by comparing
the geometric mean of the current generation (brood years 2006-2009) of total spawners to the
abundance benchmarks. A number of Fraser Sockeye populations exhibit highly cyclic annual
abundances (four year cycles), often having one persistent dominant (large) abundance cycles,
followed by three weaker (lower) abundance cycles. Using a geometric mean on such cyclic,
lognormally distributed abundance data, is theoretically most appropriate in representing the
average value of these data, because unlike the arithmetic mean, the geometric metric is not
inflated by the less frequent, higher abundance years. Technically, this results in a more
accurate measure of the central tendency of the abundance data. However, due to the two-
tiered enumeration program in place for Fraser Sockeye (see previous Escapement Data
section), higher abundance cycles (dominant cycle lines) are generally enumerated with higher
precision methods than lower abundance cycles (off-cycle lines). These more accurate and
precise estimates are down weighted in the geometric mean approach, giving more relative
weight to the less accurate and precise (often biased low), lower abundance estimates.
Therefore, the geometric mean may provide a less accurate measure of the centre of data than
the arithmetic mean. In this paper, we used both the geometric and the arithmetic mean of the
recent generation abundance to evaluate status, to reflect this uncertainty in the most
appropriate choice of mean calculations. Holt et al. (2009) also recommended comparing the
current year's abundance to the benchmarks, to provide another evaluation for abundance CU
status. This was not used in the current paper, as status would be highly confounded by cyclic
dominance, with evaluations performed on dominant years generally indicating a better status
than those performed during weak cycle years.

Trends in Abundance

There are a number of possible metrics within the trends in abundance class of indicator,
including metrics that compare current abundances (last generation) to a range of historical
baselines (e.g. historical average, a historical maximum, first generation in the time series), and
metrics that measure trends (e.g. linear change in abundance over the last three generations).
A recent study evaluated the effectiveness of different metrics in correctly categorizing the
trends in abundance status using Fraser Sockeye abundance data for 18 CUs, using a Receiver
Operating Characteristic (ROC) approach and retrospective analysis (Porszt 2009). In the
current paper, the Porszt (2009) study has been updated to include two additional metrics: the
ratio of the geometric mean spawner abundance of the current generation to the historical
mean, and to the mean of the first three generations. These analyses concluded that metrics
that generally ranked highly in identifying ‘true’ status were those that compared the last
generation abundance to historical baselines (e.g. time series average). Metrics that identified
status by comparing the last generation abundance to the historical maximum consistently
ranked low, and metrics that evaluated linear changes in abundance over the last three
generations performed intermediate amongst all metrics evaluated.

Three metrics were chosen to assess trends in abundance for each CU, based on the toolkit of
metrics presented by Holt et al. (2009), results from Porszt (2009), and the recent evaluation of
several additional metrics (described above). The first trends in abundance metric examines
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changes in abundance over the long-term, using the ratio of the current generational geometric
mean to the long-term geometric mean. The final two metrics evaluate trends over the short-
term, measuring the linear change in abundance over the most recent three generations using
both a deterministic and probabilistic approach, as described in Holt et al. (2009). The long-term
trends in abundance metric (ratio of the current generational geometric mean to the long-term
geometric mean) was estimated using the smoothed, log, transformed EFS time series for each
CU. The time series’ were first log transformed then smoothed by taking a 4-year running
average starting on the second year of data in a time series, so that the average for each year
includes the one year before and two years after that year. The purpose of this transformation is
to minimize the influence of cyclic abundances, and of observation and assessment errors, on
trend status evaluations. Lower and upper benchmarks for this metric described by Holt et al.
(2009)were, respectively, ratios of 0.25 and 0.5. However, in a previous publication, Pestal and
Cass (2009) considered ratios of less than 0.5 as low in terms of status, and those above 0.5 as
ranging from below average to above average in status (Petal and Cass 2009). Therefore, in the
current paper we used 0.5 as the lower benchmark (ratios below this value are considered low
to very low: Red status), and 0.75 as the upper benchmark (ratios above this value are
considered near or above average: Green status) in assessing status for the ratio metric.
Recent to long-term average ratios between 0.5 and 0.75 are considered average (Amber
status).

For recent trends in abundance, the linear change in abundance over the last three generations
was estimated both deterministically and probabilistically (two metrics). The Committee on the
Status of Endangered Wildlife in Canada (COSEWIC) and the International Union for the
Conservation of Nature (IUCN), both use the change in abundance over the last three
generations (or 10 years, whichever is longer) as their trends in abundance metric (COSEWIC
2003; Rand 2008) to assess wildlife status. To calculate the last three generation trend, the
abundance time series’ were first converted to loge space, then smoothed using the four year
running average, to remove the annual “noise” that obscures underlying trends in population
abundance (COSEWIC 2003). Regression analyses were conducted on the last three
generations (1998-2009) of the transformed abundance data to calculate the linear change in
abundance. The slope, calculated in loge space, was then compared to the upper and lower
benchmarks presented in the proceeding paragraph, to assess status by CU on this metric.

The upper and lower benchmarks for the recent trends in abundance metric, as used by Holt et
al. (2009), are respectively, a 15% decline and a 25% decline in abundance. The lower
benchmark represents a smaller reduction in abundance (more biologically conservative) than
the COSEWIC/IUCN guideline (30% reduction) that classifies a species as “threatened”. To
apply these changes in abundance as benchmarks, the linear rates of change that are
associated with a reduction of 25% (lower benchmark) and 15% (upper benchmark) over three
generations (i.e. the slope of a line of best fit that relates to a decline of this size) were used.
These declines (15% and 25%) convert to slopes (in loge space) of, respectively, -0.015 (upper
benchmark) and -0.026 (lower benchmark). These log. slopes deviate slightly from those used
by Holt et al. (2009), due to a modification in the slope calculation. Specifically, the slope
calculation used by Holt et al. (2009) examined the abundance changes over 12 years, while
the current paper used 11 years, related to the change (in years) from year 1 (e.g. 1998) to year
12 (e.g. 2009). The second recent trends in abundance metric explores uncertainty in the linear
change in abundance over the last three generations (loge slope as described above) by
calculating the probability that the slope is below the lower benchmark of 25% (slope: -0.026).
This metric is not independent of the previously described recent trends in abundance metric,
but rather is complementary, providing additional support to the deterministic recent trends in
abundance status.
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Productivity

Productivity indices combine the freshwater and marine mortality data presented in Grant et al.
(2010), and have been updated to reflect the current CU level of organization. The three indices
include loge(R/EFS), Ricker model residuals, calculated as deviations between the model’s
annual predictions and observations (Ricker 1975), and smoothed time varying Ricker model ‘&’
(intrinsic productivity) parameter values, estimated annually using a Kalman filter procedure (KF
Ricker ‘a’ parameter) (Peterman et al. 2000; Peterman et al. 2003; Dorner et al. 2008)(Appendix
3, Figures 1, ¢ & d). The loge(R/EFS) productivity index describes total CU productivity. The
remaining two indices remove the density dependent effects of spawner abundance in the total
loge(R/EFS) variability. The KF Ricker ‘a’ parameter values further remove short-term variability
in loge(R/EFS) productivity.
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RESULTS: WILD SALMON POLICY STATUS EVALUATION

CONSERVATION UNIT BIOLOGICAL STATUS

Abundance and trends in abundance metrics were used to evaluate statuses for 22 current and
two de novo Fraser Sockeye CUs. Detailed descriptions of analyses and results for each CU,
including data used, historical background, and status assessments, are reported in the
proceeding sections.

Carrying Capacity

To update estimates of spawner capacity at maximum juvenile production (Smax) in the current
paper, lakes were placed into one of three groups depending on the extent to which their
capacity is influenced by competitor populations (Appendix 3, Tables A & B). In the first group of
lakes (e.g. Bowron, Chilko, Francois, Kamloops, and Lillooet Lakes), characterized by the
absence of non-Sockeye in catch samples, productive capacity was not measurably reduced by
competitors. In the second group of lakes (e.g. Cultus, Adams, Fraser, Mabel, Trembleur,
Shuswap, and Quesnel Lakes), characterized by high variance in non-Sockeye catch samples,
moderate reductions (1-10%; mean ~6%) in productive capacity were estimated due to
competitor foraging. A third group of lakes (Anderson, Chilliwack, Harrison, Seton, Pitt, Stuart,
and Takla Lakes), characterized by high variance in non-Sockeye catch, were associated with a
large reduction in productive capacity by competitors (15-90%; mean ~37%). Maximum spawner
capacity for lakes within each of these three groups was estimated by applying a mean
competitor adjustment within groups (Appendix 4, Table C). These updated S« estimates were
then used as the mean estimates for lognormally distributed priors for the Ricker carrying
capacity (‘b") parameter (Table 3). Standard deviations (sigma) used for these priors were set to
exceed the CU’s escapement range (Table 3). See preceding Methods section describing the
decision to include either informative lognormally distributed priors (using updated Spax
estimates for their means) or uninformative uniformly distributed priors for Ricker carrying
capacity (‘b") parameters, used in abundance benchmark estimation for CUs (Table 3).

Given the limitations inherent in the available competitor data, and the assumptions that were
necessary in order to develop biomass estimates, we cannot assign a high degree of
confidence to the estimates of competitor biomass. Therefore, estimates should be used with
caution, and with a full understanding of how they were derived. For lakes in the Fraser
watershed that were included in the PR model, but for which we were unable to develop an
estimate of competitor biomass, it may be appropriate to assign a value derived for other lakes
with similar ecologies and species compositions. For example, smelt are known to be abundant
in the pelagic zone of Pitt Lake in a similar fashion to Harrison Lake (Henderson et al. 1991).
Thus, we thought it reasonable to assign Pitt Lake to same group as Harrison Lake.
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Table 3. Lake-rearing capacity (humber of spawners that result in maximum juvenile
production: Spax) estimates used as carrying capacity (Ricker ‘b’ parameter) Bayesian
priors in the abundance benchmark estimation process. The first column presents the
CU, the second column presents the range of the stock-recruitment (SR) time series,
the third column presents the prior distributions used (uniform or lognormal), the forth
column presents either the average for the lognormal prior distributions or the range for
uniform distributions and the final (fifth column) presents the sigma used for the
lognormal prior distributions.

SR Time Series Spawning (Syax) Capacity Used in SR Models Smax. Lake Rearing1
CONSERVATION UNIT (Brood Years)  Prior Distribution Average Sigma Average SD N
Anderson-Seton-ES 1968-2004 Uniform 0-1,000,000 NA 286,000 54,000 4
Bowron-ES 1950-2004 Lake Rearing 40,000 13,000 40,000 NA 1
Chilko-S & Chilko-ES 1950-2004 Lake Rearing 400,000 16,000 483,000 161,000 6
Cultus-L 1950-2000 Lake Rearing 80,000 12,000 85,000 17,000 3
Francois-Fraser-S 1950-2004 Lake Rearing 550,000 13,000 600,000 201,000 2
Harrison (U/S)-L 1966-2004 Uniform 0-1,000,000 NA 811,000 316,000 2
Harrison River (River-Type) 1950-2004 Uniform 0-800,000 NA NA NA
(immediate migrants)
Kamloops-ES 1967-2004 Uniform 0-500,000 NA 445,000 NA 1
Lillooet-Harrison-L 1950-2004 Lake Rearing 164,000 13,000 164,000 NA 1
Nadina-Francois-ES 1973-2004 Uniform 0-1,000,000 NA 1,350,000 453,000 2
North Barriere-ES (de novo) 1967-2004 Uniform 0-50,000 NA NA NA
Pitt-ES 1950-2004 Uniform 1-1,500,000 NA 115,000 NA 1
Quesnel-S 1950-2004 Lake Rearing 1,000,000 12,000 1,115,000 315,000 10
Seton-L (De Novo) 1965-2004 Uniform 0-300,000 NA 188,000 31,000 4
Shuswap-ES 1980-2004 Uniform 0-2,000,000 NA 1,900,000 319,000 6
Shuswap Complex-L 1950-2004 Lake Rearing 1,500,000 15,000 1,900,000 319,000 6
Takla-Trembleur-EStu 1950-2004 Lake Rearing 600,000 15,000 778,000 165,000 3
Takla-Trembleur-Stuart-S 1950-2004 Lake Rearing 1,400,000 16,000 1,900,000 193,000 3

1. Source: J. Hume & L. Pon, Salmon Aquatic Freshwater Ecosystem Program, DFO; Appendix 3.

Abundance metric benchmarks and status

For each CU with stock-recruitment data, benchmarks for abundance metrics were estimated
using the Ricker stock-recruitment model and a Bayesian approach, including forms that
assume stationary and non-stationary productivity. Specifically, benchmarks were estimated
using the standard Ricker model with the full stock-recruitment time series that assumes
stationary productivity through time and Ricker model forms that assume non-stationary
productivity including the Ricker model with truncated (more recent) stock-recruitment time
series’, a smoothed-Ricker model (recent four year running averages on the intrinsic productivity
Ricker a parameter), and a recursive-Bayesian Ricker model (Table 4). For all model forms,
benchmarks were presented across six probability levels (10%, 25%, 50%, 75% and 90%) to
reflect the stochastic uncertainty in the model fit to stock-recruitment data (Table 4). To assess
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status for each model and probability level combination by CU, recent average CU abundances,
estimated using both arithmetic and geometric means, were compared to each of the paired
lower and upper benchmarks (Table 4).

Across all Ricker model forms explored, generally the standard Ricker model (using the full
stock-recruitment time series) that assumes stationary (constant) productivity produced the
smallest (least biologically conservative) lower benchmarks (Table 4). Standard (full time-series)
Ricker models assume that productivity is constant over the entire time series, despite the
changes in productivity exhibited by most CUs over time (e.g. generally high at the start of the
time series and systematic declines in recent decades)(Appendix 3, Figures 1 ¢ & d). In
contrast, Ricker model forms that assumed non-stationary productivity (e.g. the Ricker model fit
to the most truncated stock-recruitment time series (brood years 1990-2004), the smoothed and
recursive-Bayesian Ricker models) produced the highest (most biologically conservative) lower
benchmarks (Table 4). One major exception to this lower benchmark pattern is the Harrison
River (River-Type) CU, which has exhibited the highest productivity of its stock-recruitment time
series in recent years (Appendix 3, Harrison River (River-Type), Figures 1 c), and therefore,
produced smaller lower benchmarks when models that specifically consider this recent
productivity period were used (Table 4). In contrast to the observed pattern in lower
benchmarks, the upper benchmarks do not exhibit similar increases when using model forms
that emphasize recent productivity, compared to the standard (full time-series) Ricker model
(Table 4).

In addition to presenting structural uncertainty in abundance benchmarks, through the use of
different Ricker model forms to estimate benchmarks, stochastic uncertainty was also explored
by presenting benchmarks for each model form across five probability levels (10%, 25%, 50%,
75%, and 90%) (Table 4). Lower benchmark values (less biologically conservative values) occur
at lower probability levels and higher benchmark values (more biologically conservative values)
occur at higher probability levels. Comparisons of status across model forms and probability
levels provide an indication of how sensitive abundance metric statuses are to these types of
uncertainty for each CU. For example, for nine CUs (Nadina-Francois-ES, Pitt-ES, Harrison
River (River-Type), North Barriere-ES, Takla-Trembleur-EStu, Bowron-ES, Takla-Trembleur-
Stuart-S, Quesnel-S and Cultus-L), abundance metric statuses were relatively insensitive to the
model or probability level (i.e. statuses were relatively constant across models and probability
levels). For most other CUs, however, statuses were sensitive to the model form and the
probability level (i.e. status varied across models and probability levels)(Table 4).

Differences between arithmetic and geometric means of the last generation (brood years 2006-
2009) for each CU were generally less than 30%. Major exceptions include Shuswap-ES,
Chilliwack-ES, Shuswap Complex-L, and Seton-L (de novo CU), for which the differences
between the arithmetic and geometric mean calculations were greater than 60%. Since these
CUs exhibited large variations in abundances over the last generation, the geometric mean
down weights the larger abundance years, and, therefore, produces a much lower recent
abundance estimate relative to the arithmetic mean. As a result, abundance metric statuses for
these four CUs are quite different depending on whether the arithmetic or geometric mean is
compared to the abundance benchmarks. Specifically, for these CUs, use of the geometric
mean results in poorer statuses across models and probability levels relative to the arithmetic
mean. For most other CUs, the differences in abundance metric statuses across models and
probability levels are not significantly different when arithmetic versus geometric means are
compared.
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Trends in Abundance Metrics and Status

Statuses for three trends in abundance metrics were evaluated for each CU. One metric
considered long-term trends in abundance (ratio of the current generation geometric mean to
the long-term geometric mean) and two metrics considered recent trends in abundance (linear
change in abundance in the last three generations, and the probability that this change is below
the lower benchmark for this metric). The probabilitistic recent trends in abundance metric is not
independent of the deterministic recent trends in abundance metric, but instead gives further
weight to the status of the deterministic metric. Of the 22 current CUs and two de novo CUs, the
Chilliwack-ES could not be assessed for trends in abundance status, given that the time series
was too short to conduct these analyses. In addition, two CUs (Chilko-ES and Chilko-S) were
aggregated into one for trends in abundance analyses, since their time series could not be
disaggregated due to escapement enumeration methods. Therefore, there are 22 trends in
abundance assessments conducted in the current paper (Table 5).

Of these 22 CUs (including the Chilko-ES & Chilko-S aggregate) where trends in abundance
statuses were assessed, 50% (10 out of 22 CUs) exhibited long-term trends in abundance
statuses that were in the WSP Green zone and recent trends in abundance statuses that were
in the WSP Red zone (Table 5). An additional two CUs were Amber in status for long-term
trends and Red in status for recent trends (Takla-Trembleur-EStu and Nahatlach-ES). These
status trends are generally related to the above average abundances exhibited by these CUs in
the 1990’s, and the subsequent abundance declines in recent years as the CU returns to
average abundances (Table 5).

One exception to these 12 CUs that exhibited Green (or Amber) long-term trends in abundance
statuses and Red recent trends in abundance statuses, was the Shuswap-ES CU. In particular,
the recent trends in abundance status of Red for Shuswap-ES initially appear to be counter-
intuitive, as arithmetic means indicate that this CU has increased, not decreased, in abundance
over the past three generations (Table 5). However, since geometric means are used
specifically in trends in abundance status evaluations, when geometric means are compared
between the generation third to last (12,700) versus the last generation (7,700), this CU has
decreased in abundance. The difference between the arithmetic and geometric means for
Shuswap-ES can be attributed to a period (1993-2001) of decreased cyclicity that encompasses
the generation third from last (1993-2001) during which dominant cycles exhibited lower
abundances and weak cycles exhibited higher abundances, relative to typical cycle years. This
period of lower cyclicity produces higher geometric means than the typical Shuswap-ES pattern
of abundance (one dominant and three weaker cycles), driving this CUs declining trend in the
last three generations.

Divergences from this general pattern in the trends in abundance status across metrics include
the following: six CUs (Kamloops-ES, Pitt-ES, Harrison River (River-Type), Shuswap Complex-
L, Harrison (D/S)-L and Lillooet-Harrison-L) were in the WSP Green zone for both recent and
long-term trends in abundance metrics; three CUs (Bowron-ES, Taseko-ES, and Cultus-L) were
in the Red zone for all trends in abundance metrics; one CU (Widgeon (River-Type)) was in the
WSP Red zone for the long-term trends in abundance metric and WSP Green zone for the
recent trends in abundance metrics (Table 5).
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Current (22) and De Novo (2) Conservation Units

Twenty-four CUs have sufficient information to explore the uncertainty in statuses across
metrics and benchmarks. Of these twenty-four, Chilko-ES cannot be independently assessed,
as its data are rolled up with Chilko-S. There are two de novo ‘CUs’ that have originated from
hatchery transplants and, therefore, are not WSP CUs. These de novo ‘CUs’ are included for
reference but technically should not be included in a WSP CU list. Details and results are
presented in the proceeding section by CU.

Anderson-Seton-ES

Sites: Populations that rear in Anderson Lake include Gates Creek and Gates Channel
(Appendix 1).

History: There is evidence (e.g. fry and smolt outmigration assessments and scale freshwater
circuli growth patterns) that Gates Creek and Channel fry rear in both Seton and Anderson
Lakes (Geen and Andrew 1961; Roos 1991). As a result, this CU is named after these two
rearing lakes.

Between 1919 and 1930, over 15 million Sockeye eggs and juveniles were transplanted to
Gates Creek, Gates Lake and Anderson Lake from the Birkenhead River and Sweltzer Creek.
An additional transfer of fry occurred in 1950 from the Adams River to Anderson Lake (Aro
1979). The resulting current Anderson-Seton-ES population is considered genetically distinct
(Withler et al. 2000), and its low genetic diversity and unusual allele frequencies reflect founder
effects and/or genetic drift at small population sizes (Withler et al. 2000).

The natural spawning area of Gates Creek historically supported an estimated 150,000
Sockeye. However, forest harvesting and the encroachment of human activities are believed to
have deteriorated habitat quality, and restricted Sockeye production to the point where only
10,000 Sockeye could be accommodated by the late 1960’s (Doug Lofthouse, Oceans, Habitat
& Enhancement Branch, DFO, unpublished report). As a result, between 1967 and 1968, the
Gates Creek Sockeye spawning channel was constructed at the west end of Anderson Lake, to
compensate for lost production from Gates Creek and Anderson and Seton Lakes. The channel
is estimated to account for a high proportion of the CU’s production. Gates Channel has an
available spawning area of 11,300 m?, and was designed to accommodate 18,000 Sockeye (D.
Lofthouse, DFO, pers. comm.).

A hydro facility on this system has been operational since 1956 (Roos 1991). This facility is
comprised of the Seton Dam, located below the outlet of Seton Lake, and the Cayoosh Dam on
Cayoosh Creek. Water is diverted by canal from Seton Lake to a powerhouse on the Fraser
River, where it is released through a tailrace located 500 m downstream of the outlet of Seton
River. Since the Seton Dam presents a barrier to Sockeye migration, a fishway was constructed
in concert with dam construction (Roos 1991). It has been reported that both the tailrace and
fishway may slow or impede Sockeye migration and cause physiological stress to the
fish(Roscoe and Hinch 2008). Due to the downstream tailrace location, migrating adult Sockeye
have been shown to stop at the outlet of the tailrace, where that are either attracted to the
home-stream water or they use it as a cold-water refuge. Fish may either be directly injured in
the tailrace (Fretwell 1980) or indirectly suffer pre-spawn mortality due to the delay in migration
from stalling at the tailrace. Success of fish departing the tailrace, entering the Seton River, and
reaching the dam depends on Seton water quality, whereby higher Cayoosh Creek dilution
results in higher migration failure (10-30% migration failure during IPFSC studies). Once fish
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enter the Seton River they must travel five kilometres upriver, ascend the Seton Dam fishway,
and then migrate through Seton Lake and Anderson Lake (~50km) to the spawning grounds.

One study indicated that locating the fishway entrance presents a challenge to migrating
Sockeye (during experimental downstream transplants 25% of these Sockeye could not re-
locate the fishway entrance) (Roscoe and Hinch 2008). Further impacts of the hydro facility
include mortality (~10%) of downstream migrating smolts as they move through the dam
turbines. This issue has yet to be resolved (Roos 1991).

Escapement Time Series: Two sites are included in the escapement time series: Gates Creek
and Gates Channel (Appendix 1). Gates Creek was consistently assessed starting in 1954,
using peak live cumulative dead visual survey methods up to 1979, with the exception of 1964
when a mark recapture assessment was conducted. Starting in 1980, the creek was assessed
using counts of Sockeye diverted into the creek at the diversion weir. Given the public location
of the diversion weir, vandalism has compromised the escapement time series of Gates Creek
and, therefore, post-1980 these are likely minimum escapement estimates. Gates Channel
(operations commenced in 1968) was assessed throughout the time period using a census of
carcasses recovered in the channel. The Gates Creek and Channel sites were combined to
evaluate status. They cannot be evaluated independently, since numbers of Sockeye distributed
between the channel and creek are a consequence of loading regimes at the outlet of this
system (Roberta Cook, Ocean Habitat Enhancement Branch, DFO). No gap filling was required
for this time series (Appendix 2).

Productivity: Similar to other Early Summer Run and Early Stuart CUs, Anderson-Seton-ES has
exhibited systematic declines in productivity (Kalman filter Ricker a parameter values) since the
late-1960 brood years (Appendix 3, Anderson-Seton-ES, Figure 1 c). Productivity (R/S) has
been particularly low during the most recent brood years (1998 to 2005), with four of these
years having productivities that are below replacement (Appendix 3, Anderson-Seton-ES,
Figure 1 d). Similar to other CUs with freshwater survival data, Anderson-Seton-ES early
freshwater survival (fry/EFS) decreased consistently from the start of the time series in 1968 to
the mid-1990 brood years, and has subsequently increased (Appendix 3, Anderson-Seton-ES,
Figure 1 e). Post-fry survival (recruits/fry), that includes a period of freshwater survival and
marine survival, decreased post-channel construction (1969) (Appendix 3, Anderson-Seton-ES,
Figure 1 f).

Abundance: The stock-recruitment time series for Anderson-Seton-ES was truncated to include
only years after the construction of the spawning channel (brood years 1968-2004). This
ensures consistency in the production time series and spawning area. For Ricker model
benchmark estimates (recommended model by Holt et al. 2009), a uniformly distributed prior
(range: 0 to 1,000,000) was used to estimate the Ricker ‘b’ parameter (Table 4; Appendix 3,
Anderson-Seton-ES, Figure 2 d). Using the standard Ricker model and the full time series
(brood years 1968-2004), lower benchmarks ranged from 1,000 to 9,000 at the 10% to 90%
probability level (p-level), and upper benchmarks ranged from 12,000 to 48,000 (Table 4;
Appendix 3, Anderson-Seton-ES, Figure 2 e). Statuses were assessed by comparing both the
arithmetic (4,100) and the geometric (3,300) mean abundance of the last generation to the
benchmarks. The resulting statuses decreased at higher probability levels. Specifically, status
changed from Amber to Red above the 75% and 50% p-levels when evaluated using,
respectively, the arithmetic and geometric mean abundances (Table 4). Statuses were similar
using these two calculations of recent abundance, as geometric and arithmetic recent
generation means were similar (only a 20% difference between arithmetic and geometric
means).
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Given that Anderson-Seton-ES has exhibited systematic declines in productivity, model forms
that specifically consider recent lower productivity in benchmark estimation produced higher
(more biologically conservative) lower benchmarks. The recursive-Bayesian Ricker benchmarks
are not recommended for this CU, as they produce S« estimates that are unrealistically high
relative to other models. The most truncated time series (brood years 1990-2004) Ricker model
produced the highest lower benchmarks, followed by the smoothed-Ricker version. Upper
benchmarks were higher for the truncated time series Ricker model and lower for the smoothed-
Ricker model, compared to the full time series standard Ricker model. Statuses for these model
forms that consider recent productivity decreased identically at higher probability levels; status
changed from Amber to Red above the 25% p-levels (Table 4).

Trends in Abundance: The early time series prior to channel construction is characterized by
lower spawner abundances (arithmetic average EFS from 1954 to 1974: 1,300) (Appendix 3,
Anderson-Seton-ES, Figures 1 a & b). Escapements (EFS) increased starting in the 1970’s
(EFS 1970-2009 average: 4,500), coinciding with channel construction. This CU has recently
declined from a period of above average EFS, which occurred three generations prior to the end
of the time series (6,200), to the current generation average EFS (2,400) (Table 5; Appendix 3,
Anderson-Seton-ES, Figure 1 b). This CU exhibits strong cyclic dominance throughout the time
series (one dominant cycle average EFS: 8,300; three weak cycles average EFS: 2,100).
Generally, spawner success on the time series has been high (70%), with the exception of more
recent years. Spawner success dropped between 1995 and 2002, to an average of 56%. Years
when spawner success was particularly low include 1992 (channel: 37% & creek: 50%), 1996
(channel & creek: 25%), 2000 (channel: 32% & creek: 47%), 2001 (creek only: 49%), and 2008
(channel and creek: 23%) (Appendix 3, Anderson-Seton-ES, Figure 1 b).

The ratio of the recent generation geometric mean relative to the long-term geometric mean for
Anderson-Seton-ES EFS (ratio: 1.98) is more than double the upper benchmark for this metric
(ratio: 0.75) (Green status) (Table 5; Appendix 2, Anderson-Seton-ES, Figure 2 c). For
comparison, if only data after the installation of Gates channel (1968-2009) are used to estimate
the trend in abundance, the ratio of the recent generation abundance to the long-term average
would still be greater (Green status) (ratio: 1.37) than the upper benchmark for this metric (ratio:
0.75). In recent years (last three generations), Anderson-Seton-ES EFS has decreased
following a period of above average EFS (see previous paragraph). The slope of this recent
trend (-38% change in abundance) is steeper than the lower benchmark for this metric (-25%
change in abundance)(Red status), and there is an 80% probability that this recent trend falls
below the lower benchmark (Table 5; Appendix 3, Anderson-Seton-ES, Figures 2 a & b).

Bowron-ES

Sites: The populations that rear in Bowron Lake (Early Summer timing) include Bowron River,
Pomeroy, Huckey, and Sus Creeks, and may also include Antler Creek (see Escapement Time
Series section below) (Appendix 1).

History: Hatchery transplants were introduced into the Bowron system from Lakelse Lake
(Skeena River hatchery) between 1924 and 1926 (Aro 1979). Since these transplants were not
successful, population expansion within this CU after the Hells Gate landslide is likely attributed
to remnant Bowron-ES Sockeye (Withler 1982). There was a significant Mountain Pine Beatle
outbreak in the 1980’s in the Bowron watershed that resulted in significant forest harvesting in
this area (K. Peters, DFO, pers. comm.).
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Escapement Time Series: Four sites were included in the Bowron-ES escapement time series:
Bowron River, Huckey, Pomeroy and Sus Creeks (Appendix 1). For early years in the
escapement records, the Bowron River time series includes Pomeroy, Sus and Huckey Creek
estimates; whereas in recent years there are a few independent assessments for these smaller
creeks (Appendix 2). In years when Huckey, Pomeroy and Sus were assessed independently,
their contribution to total production of the CU was 0 (Pomeroy & Sus) to negligible (Huckey);
Bowron River dominates total production. Escapement enumeration methods varied from
largely fence counts in the earlier time series (1950-1963) to largely visual surveys (helicopter)
from 1964 to present, with no gaps in the time series (Appendix 2). In 1995, a fence was
installed to re-evaluate the expansion factor used to calibrate the visual surveys in this system.
It was found that the expansion factor appropriate for this system (2.9) is much higher than that
typically used for Fraser Sockeye (1.8). Therefore, previous surveys (1985-1994) may
underestimate true escapement (Schubert 2007).

Antler Creek was excluded from the time series given the limited numbers of years it was
assessed (only from 1950-1961) during opportunistic surveys from a fence program, and its
small contribution to overall abundance in this CU (~1% of total escapement). Although
unconfirmed, Antler Creek Sockeye may not rear in Bowron Lake. Given that fry from these
Sockeye spawners would have to travel upstream through fast flowing conditions to reach the
lake; these Sockeye may actually be river-type. Recently, Sockeye have been observed in the
upper Bowron River, and similarly, these also may be a river-type population (See proceeding
Validation Required section on Upper Fraser (River-Type)).

Productivity: Similar to other Early Summer Run and Early Stuart CUs, Bowron-ES has
exhibited systematic declines in productivity (Kalman filter Ricker ‘a’ parameter values) since the
mid-1960 brood years (Appendix 3, Bowron-ES, Figure 1 c). Productivity (R/S) has been
particularly low recently (1994 to 2005 brood years), with six of these years close to or below
replacement (Appendix 3, Bowron-ES, Figure 1 d). There are no freshwater or marine survival
data available for this CU.

Abundance: The full stock-recruitment time series for Bowron-ES includes the brood years
1950-2004. For Ricker model benchmark estimates (recommended model by Holt et al. 2009), a
lognormally distributed prior (mean of 40,000 and sigma of 13,000), based on calculations of
lake rearing capacity, was used to estimate the Ricker ‘b’ parameter (Table 4; Appendix 3,
Bowron-ES, Figure 2 d). Using the standard Ricker model and the full time series (brood years
1950-2004), lower benchmarks ranged from 3,000 to 6,000 at the 10% to 90% p-levels, and
upper benchmarks ranged from 13,000 to 22,000 (Table 4; Appendix 3, Bowron-ES, Figure 2 e).
Statuses were assessed by comparing both the arithmetic (1,600) and the geometric (1,500)
mean abundance of the last generation to the benchmarks. The resulting statuses were Red
across all p-levels (Table 4). Statuses were similar using these two calculations of recent
abundance, as geometric and arithmetic recent generation means were similar (only a 6%
difference between arithmetic and geometric means).

Given that Bowron-ES has exhibited systematic declines in productivity, model forms that
specifically consider this recent lower productivity in benchmark estimation produced higher
(more biologically conservative) lower benchmarks. The most truncated time series (brood
years 1990-2004) and the recursive-Bayesian Ricker models produced the highest lower
benchmarks, followed by the smoothed-Ricker model. Upper benchmarks were higher when
using the truncated time series and the recursive-Bayesian Ricker models, and lower for the
smoothed-Ricker model, compared to the full time series standard Ricker model. Statuses for
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these model forms that consider recent productivity were also identical (Red status) across all
p-levels (Table 4).

Trends in Abundance: Bowron-ES exhibited relatively high escapements (EFS) early in the time
series (1950-1959 EFS average: 7,400) relative to the time series average (4,300) (Appendix 3,
Bowron-ES, Figures 1 a & b). This CU has declined in abundance, from an average of 3,900
EFS, which occurred three generations prior to the end of the time series, to the current
generation average of 800 EFS (Table 5; Appendix 3, Bowron-ES, Figure 1 b). From 1959 to
1979, the CU exhibited strong cyclic dominance (one dominant cycle average EFS: 13,600;
three weak cycles average EFS: 1,600). Cyclic dominance subsequently disappeared (1983-
2009 average EFS: 3,200). Spawner success has remained high throughout the time series
(~91%) and has not exhibited any persistent trends (Appendix 3, Bowron-ES, Figure 1 b).

The ratio of the recent generation geometric mean relative to the long-term geometric mean for
Bowron-ES (ratio: 0.27) is below the lower benchmark for this metric (ratio: 0.5) (Red status)
(Table 5; Appendix 2, Bowron-ES, Figure 2 c). In recent years (last three generations), Bowron-
ES EFS has decreased, following a period of average EFS (see previous paragraph). The slope
of this recent trend (-90% change in abundance) is steeper than the lower benchmark for this
metric (-25% change in abundance) (Red status), and there is a 99% probability that this recent
trend is below the lower benchmark (Table 5; Appendix 3, Bowron-ES, Figures 2 a & b). This
recent trend is likely more pronounced, given that the early observed abundance time series is
quite possibly biased low (see preceding section on Escapement Time Series).

Chilko-ES and Chilko-S (CUs combined for status assessment)

Sites: Populations that rear in Chilko lake include Chilko River, South End of Chilko Lake, North
End of Chilko Lake and Chilko River Channel (Appendix 1).

History: Chilko Lake is a large oligotrophic lake far from any significant human development in
the Fraser River watershed. The south end of the lake is surrounded by glaciated mountains,
and the northern portion extends onto the edge of the interior plateau of BC. Due to its glacial
influence, this lake has historically experienced cooler temperatures. Several glacially turbid
rivers enter the southern half of the lake, causing water clarity to decrease from north to south
during the summer months. The lake’s orientation and proximity to the Coast Mountains result in
frequent strong southerly winds. As a result, the lake has a cool epilimnion and an unstable
thermal regime.

Amongst populations with similar run timing that spawn upstream of Hells Gate, Chilko Sockeye
were the least impacted by the 1913 Hells Gate landslide, despite the fact that Chilko Sockeye
migration has almost double the grade (twice as steep) of any other Fraser River CUs. The
limited impact of the Hells Gate landslide on Chilko Sockeye, relative to other Sockeye CUs, is
hypothesized to be linked to their greater energy reserves and their ability to therefore withstand
delays in migration (Roos 1991). In recent studies, Chilko Sockeye (relative to other similar
timed Fraser Sockeye CUs) have been identified as superoptimal migrants, having greater
stride lengths, higher ground speed per tail beat, and lower energy usage than would be
predicted (Hinch and Rand 2000). Chilko Sockeye are more torpedo shaped than other
Sockeye CUs, which would enhance water flow over the body and decrease drag. As a result,
Chilko Sockeye have migration advantages over other similar timed Fraser Sockeye CUs.

Chilko Lake was fertilized in 1988, and again during 1990-1993. Bradford et al. (2000) reported
that the size of smolts increased during these periods of fertilization. They also found a positive
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correlation between the larger smolt body sizes and smolt-to-adult (marine) survival. Fertilization
also appeared to have increased abundance on the weaker 1989 cycle, and improved survival
during the early 1990’s, when productivity for most other CUs decreased (Appendix 3, Chilko-
ES & Chilko-S, Figures 1 a-f) (Bradford et al. 2000). Limnological surveys, conducted in 2009, in
response to recent increases in smolt production, found that the photosynthetic rate had
increased to rates similar to those seen during fertilization (D. Selbie, DFO, pers. comm.). In
addition to fertilization, a small artificial side channel was operated from 1988 to 2004 on Chilko
River, to enhance the productive capacity of Chilko; although spawning habitat did not appear to
be limiting to Sockeye at that time. Post-2004 this channel was decommissioned, and,
therefore, became inaccessible to Chilko Sockeye.

Escapement Time Series: All sites were included in the escapement time series since they
represent one complete time series with the North and South End of Chilko Lake assessed
separately in some years and in other years included in the Chilko River site in the escapement
database (Appendix 1). No gap filling was required for this system (Appendix 2). This system
was enumerated using mark recapture methods up to 2008, with the exception of 1967, which
was estimated based on the expansion of counts at Henry’s Bridge. In 2009, DIDSON methods
were used to estimate abundance. Chilko River (including the North End of Chilko Lake)
comprises 98% of the total abundance in years when the South End (of the lake) spawners and
channel were estimated separately.

Productivity: Similar to other Summer Run CUs, the Chilko-ES & Chilko-S CU aggregate has
exhibited systematic declines in productivity (Kalman filter Ricker a parameter values) since the
1990 brood year (Appendix 3, Chilko-ES & Chilko-S, Figure 1 c¢). Productivity (R/S) has been
particularly low recently (1994 to 2005 brood years), with six years close to or below
replacement (Appendix 3, Chilko-ES & Chilko-S, Figure 1 d). Similar to other CUs with
freshwater survival data, the Chilko-ES and Chilko-S aggregate survival (smolts/EFS)
decreased consistently from the mid-1960 to 2000 brood years, and has subsequently
increased (Appendix 3, Chilko-ES & Chilko-S, Figure 1 e). Record numbers of smolts were
reported in the 2007 and 2008 smolt outmigration years (average: 75 million) relative to the time
series average (average: 20 million). Marine survival (recruits/smolt) has decreased consistently
from the 1990 to 2005 brood years (Appendix 3, Chilko-ES & Chilko-S, Figure 1 f).

Abundance: The full stock-recruitment time series for Chilko-ES & Chilko-S includes the brood
years 1950-2004. For Ricker model benchmark estimates (recommended model by Holt et al.
2009), a lognormally distributed prior (mean of 400,000 and sigma of 16,000), based on
calculations of lake rearing capacity, was used to estimate the Ricker ‘b’ parameter (Table 4;
Appendix 3, Chilko-ES & Chilko-S, Figure 2 d). Using the standard Ricker model and the full
time series (brood years 1950-2004), lower benchmarks ranged from 28,000 to 54,000 at the
10% to 90% p-levels and upper benchmarks ranged from 238,000 to 311,000 (Table 4;
Appendix 3, Chilko-ES & Chilko-S, Figure 2 e). Statuses were assessed by comparing both the
arithmetic (275,000) and the geometric (248,700) mean abundance of the last generation to the
benchmarks. The resulting statuses decreased at higher probability levels. Specifically, status
changed from Green to Amber above the 50% and 10% p-levels, respectively, when evaluated
using the arithmetic and geometric mean abundances (Table 4). Statuses were similar using
these two calculations of recent abundance, as geometric and arithmetic recent generation
means were similar (only a 10% difference between arithmetic and geometric means).

Given that the Chilko-ES & Chilko-S aggregate has exhibited systematic declines in productivity,
model forms that specifically consider this recent lower productivity in benchmark estimation
produced higher (more biologically conservative) lower benchmarks. The recursive-Bayesian
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Ricker model, followed by the smoothed-Ricker and most truncated time series (brood years
1990-2004) Ricker model produced the highest lower benchmarks. Upper benchmarks were
lower for all models that specifically consider recent productivity, compared to the full time
series standard Ricker model. Statuses for these model forms that consider recent productivity,
decreased at higher probability levels; status changed from Green to Amber at p-levels greater
than 50% for the arithmetic mean abundance and at p-levels greater than 25% for the geometric
mean (Table 4).

Trends in Abundance: The Chilko-ES & Chilko-S CU exhibited a period of particularly high
escapement (EFS) from 1990 to 2000 (average EFS: 400,000), relative to the time series
average (192,000). Subsequently, this CU has declined from a period of above average EFS,
which occurred three generations prior to the end of the time series (407,000), to the current
generation average EFS (154,000) (Table 5; Appendix 3, Chilko-ES & Chilko-S, Figure 1 b).
This CU exhibited strong cyclic dominance from 1950 to 1990 (dominant cycle average
escapement: 250,000; one weak cycle average EFS: 39,000; and two subdominant cycles
average EFS: 117,000;) (Appendix 3, Chilko-ES & Chilko-S, Figures 1 a & b). After 1990, cyclic
dominance disappeared (Appendix 3, Chilko-ES & Chilko-S, Figures 1 a & b). Spawner success
has remained generally high throughout the time series (~92%) and has not exhibited any
persistent trends; with the exception of 2008 when spawner success was low (53%) (Appendix
3, Chilko-ES & Chilko-S, Figure 1 b).

The ratio of the recent generation geometric mean to the long-term geometric mean for Chilko-
ES and Chilko-S EFS (ratio: 1.22) is greater than the upper benchmark for this metric (ratio:
0.75) (Green status) (Table 5; Appendix 2, Chilko-ES & Chilko-S, Figure 2 c). In recent years
(last three generations), Chilko-ES & Chilko-S EFS has decreased, following a period of above
average EFS (see previous paragraph). The slope of this recent trend (-79% change in
abundance) is steeper than the lower benchmark for this metric (-25% change in
abundance)(Red status), and there is a 100% probability that this recent trend is below the
lower benchmark (Table 5; Appendix 3, Chilko-ES and Chilko-S, Figures 2 a & b).

Chilliwack-ES

Sites: Populations that rear in Chilliwack Lake include Chilliwack Lake and Dolly Varden Creek
(also known as Upper Chilliwack River) (Appendix 1).

History: Chilliwack Lake is a relatively isolated lake surrounded by glaciated mountains. This
lake is influenced by glacial melt and, therefore, given increasing temperatures and associated
decreases in glacial mass, it has been warming. The Chilliwack-ES CU is amongst the first
population of Sockeye to enter the Fraser River, with an entry timing more closely associated
with the Early Stuart Sockeye than other Early Summer Run Sockeye. Chilliwack-ES Sockeye
spawn in the lake and in Dolly Varden Creek from late August to early September.

Escapement Time Series: Chilliwack Lake assessments began in the 1970’s but were only
consistently assessed starting in 1982, with generally two or more visual (boat) surveys
conducted annually. Carcass counts are expanded based on survey effort, using methods
established during studies on the Taseko Lake population. The estimates are likely biased low
given limitations in the number of carcasses that reach the lake surface after becoming
moribund (Patterson et al. 2007b). Lake counts may be further compromised on survey days
with heavy rain or winds, which decrease the visibility of carcasses on the lake surface.
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Dolly Varden Creek has only been consistently assessed in more recent years, starting in 2001,
and represents the bulk of the spawning (>70% of the total lake plus creek EFS) in the CU.
Dolly Varden Creek is assessed using peak live and cumulative dead (helicopter) surveys. In
2001, a tower count was used to assess the total escapement to the lake and river combined,
and a visual (helicopter) survey was conducted on Dolly Varden Creek; the lake was then
estimated by subtracting the tower count from the creek estimate. Since the lake was also
coincidentally assessed in 2001 using standard lake survey methods, both tower and visual
survey escapement estimates were compared and no significant deviations occurred. No gap
filling occurred for this CU as it did not have sufficient data for the analysis of trends in
abundance (see proceeding Trends in Abundance section and Appendix 2).

Productivity: Productivity and survival could not be estimated for this CU as there are no
associated recruitment data available for this CU.

Abundance: An alternative approach was used to estimate abundance benchmarks for this CU,
given that there are no stock-recruitment data. Instead of using stock-recruitment models to
estimate benchmarks, available S« estimates from juvenile lake rearing capacity were used.
The recommended lower benchmark and upper benchmark using this approach are
respectively, 20% and 40% of spawners at maximum juvenile production (Snax) estimated from
freshwater production studies (Holt et al. 2009). For Chilliwack Lake, the average number of
spawners at maximum recruitment is 41,000 (Appendix 4 C), therefore, lower and upper
benchmarks for Chilliwack-ES are, respectively, 8,000 and 16,000. The recent generation
arithmetic mean abundance for Chilliwack-ES (12,000) was between the lower and upper
benchmarks (Amber status) and the arithmetic mean abundance (5,000) was below the lower
benchmark (Red status (Table 4). This metric could not be assessed probabilistically, therefore,
only the deterministic lower and upper benchmarks and associated status are presented.

Trends in Abundance: Chilliwack Lake has exhibited variable escapement throughout the time
series, and was particularly low in abundance in the last generation (average EFS: 500) relative
to the long-term average (average EFS: 1,100) (Table 5; Appendix 3, Chilliwack-ES, Figure 1 b
(Chilliwack Lake only)). Since Dolly Varden Creek assessments only commenced post-2000, in
these years this creek has exhibited a considerably shallower declining trend compared to
Chilliwack Lake. Dolly Varden Creek exhibited high EFS in three years (2001, 2004 & 2008
average EFS: 34,000) and weaker EFS in all other years assessed (average EFS: 2,000)
(Appendix 3, Chilliwack-ES, Figure 1 a). In years when the Dolly Varden Creek population was
large (2001, 2004 & 2008), it comprised 94% of this CU'’s total escapement. In weaker
abundance years for Dolly Varden Creek, the creek comprised 54% of the total escapement for
this CU. Given that Dolly Varden Creek comprises a greater average proportion of the total EFS
(Dolly Varden Creek plus Chilliwack Lake post-2001) compared to Chilliwack Lake but only has
been recently assessed with any degree of precision and accuracy (post-2000)(Appendix 2),
and the trends in the EFS time series considerably differ between the two assessed sites,
trends in abundance metrics could not be quantitatively assessed for this CU. It would be
misleading to present trends in abundance statuses for Chilliwack Lake alone.

Cultus-L
Sites: Cultus Lake Sockeye are the only Sockeye population that rears in Cultus Lake (all
spawners spawn in Cultus Lake) (Appendix 1).

History: Cultus-L has been the most intensively studied salmon CU in British Columbia. Studies
on spawner abundance, lake characteristics and juvenile production began with the work of the
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Pacific Biological Station in the 1920’s, and have continued into the present with the work of the
International Pacific Salmon Fisheries Commission and the Department of Fisheries and
Oceans (Schubert et al. 2003). Cultus-L Sockeye spawner abundance was low and variable
during large scale hatchery experimentation in the 1920’s and 1930’s, very high in 1939-1942
following removal of predators, strong but variable in the early 1940’s to late 1960’s, and has
subsequently declined. Exploitation rates were high from 1952 to 2002 (average: 67%), since
this population co-migrates with more abundant and productive CUs (Harrison (U/S)-L,
Shuswap Complex-L). Beginning in 1995, ER’s decreased to an average of 33%. In 2001 and
2002, the Fraser Panel and DFO limited fisheries on Late Run populations to ER’s of ~20%
(Fisheries and Oceans Canada 2010; Bradford et al. 2010a). Three main causes for the decline
of Cultus-L Sockeye include high exploitation rates between 1952 and 1995, high pre-spawn
mortality (coincides with early migration of Late Run Sockeye starting in 1995), and low marine
survival, particularly in recent years. Other causes may include heavy recreational, residential
and agriculture land use around the lake, the loss of spawning habitat attributed to water milfoil
invasion, and predation threats (Schubert et al. 2003; COSEWIC 2003; Cultus Sockeye
Recovery Team 2009).

As a result of significant population declines in this CU, Cultus-L is listed as Endangered by the
Committee on the Status of Endangered Wildlife in Canada (COSEWIC)(25 October
2002)(COSEWIC 2003). Consequently, a Cultus Lake Sockeye Recovery Planning Team was
formed in 2002, with both internal-DFO and non-DFO representation, to document status and
develop a recovery plan (Cultus Sockeye Recovery Team 2009). This team was disbanded after
the publication of the Cultus Recovery Strategy (Cultus Sockeye Recovery Team 2009), which
outlined an overall conservation goal and four key objectives.

Subsequently, a Cultus Conservation team (similar DFO membership to the Recovery Team)
was formed to continue with recovery work, and track recovery efforts and status. A recent
publication (Research Document and corresponding Science Advisory Report), as part of the
Canadian Science Advisory Secretariat (CSAS) process, has been published (Bradford et al.
2010; Fisheries and Oceans Canada 2010). Recovery actions to date have included hatchery
enhancement (captive brood stock and hatchery supplementation programs), predator
(Pikeminnow: Ptychocheilus oregonensis) removal, and harvest reductions. This Conservation
Team publication concludes that although the decline in Cultus-L Sockeye has been halted, the
population has not yet met any of the recovery objectives set by the Cultus Sockeye Recovery
Team. The prospects for Cultus-L Sockeye are highly uncertain, and are tied to future trends in
marine (recruits/smolt) survival which have been particularly low in recent years. Recovery
actions in recent years have included reductions in harvest (~20% ER), predator control in
Cultus Lake (which has coincided with an increase in in-lake survival of juvenile Sockeye
salmon), and a captive broodstock/supplementation program (majority of adults returning in
2008 & 2009 were of hatchery origin).

Escapement Time Series: Only Cultus Lake was included in the escapement time series
(Appendix 1). Cultus Lake Sockeye have been assessed since 1925 using an enumeration
fence in Sweltzer Creek, located approximately 200 m downstream of the lake outlet. The fence
is installed at the start of the migration period (normally mid/late September), and is removed at
its completion in early/mid-December. As this CU started to migrate earlier in the mid-1990’s,
fence installation has occurred at progressively earlier dates, with installation in recent years
occurring in August. There are no gaps in the time series (Appendix 2).

For the escapement time series, effective total adult escapement (total adult escapement
multiplied by female spawner success) was used instead of effective female escapement for
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trends in abundance analyses, due to uncertainty in sex identification at the fence. Cultus
Sockeye do not have well developed secondary sexual characteristics when assessed at the
Cultus fence because they migrate through the fence early, and move into the deeper and
cooler lake where they hold for months before spawning in December to January. Calculation of
spawner success is typically based on the assessment of carcasses on the spawning grounds.
However, given low abundances of Cultus-L Sockeye in recent years, recovery of female
carcasses has been negligible. Therefore, a combination of spawner success data from the
enhancement program (Cultus Sockeye captured at the fence and retained in holding ponds for
hatchery purposes), Weaver Creek & Channel data, and data on Cultus-L Sockeye recruits-per-
juveniles, was used to assess spawner success for Cultus Sockeye (Bradford et al. 2010). Post-
2000, due to hatchery enhancement of this system (Schubert et al. 2003; Cultus Sockeye
Recovery Team 2009; Bradford et al. 2010a), only wild unmarked fish (no adipose-fin clip) were
included in the escapement time series.

Productivity: Similar to other CUs, Cultus-L has exhibited systematic declines in productivity
(Kalman filter Ricker a parameter values) since the 1990 brood year (Appendix 3, Cultus-L,
Figure 1 c¢). Productivity (R/S) has been particularly low recently (1993 - 2005 brood years), with
seven of these years close to or below replacement (Appendix 3, Cultus-L, Figure 1 d).
Freshwater and marine survival trends are a challenge to interpret, due to considerable gaps in
the smolt, and therefore, survival time series (Figures 7 A & B; Appendix 3, Cultus-L, Figures 1
e & f). In years where it exists, the marine survival (recruits/smolt) time series tends to
correspond to the Chilko survival time series (Figure 7 B).

Abundance: For Cultus-L Sockeye, only the brood years from 1950-2000 were used to estimate
abundance benchmarks. Although brood years 2001 - 2003 have full recruitment data (age-4
plus age-5 recruits), these years were not included due to the confounding influence of the
hatchery programs, which have contributed fry and smolts to Cultus Lake production and are
unaccounted for in the spawner-recruit relationship. Although the hatchery programs started in
2000, the number of fry produced in the first year of operation was negligible, therefore stock-
recruitment data for this year can be included in the time series. For Ricker model benchmark
estimates (recommended model by Holt et al. 2009), a lognormally distributed prior (mean of
80,000 and sigma of 12,000), based on calculations of lake rearing capacity, was used to
estimate the Ricker ‘b’ parameter (Table 4; Appendix 3, Cultus-L, Figure 2 d). Using the
standard Ricker model and the full time series (brood years 1950-2000), lower benchmarks
ranged from 9,000 to 17,000 at the 10% to 90% p-levels, and upper benchmarks ranged from
28,000 to 36,000 (Table 4; Appendix 3, Cultus-L, Figure 2 e). Statuses were assessed by
comparing both the arithmetic (900) and the geometric (600) mean abundance of the last
generation to the benchmarks. The resulting statuses were Red across all p-levels (Table 4)
given that abundances in the last four years (2006-2009) were low relative to all lower
benchmarks (all model forms and probability levels).

Although Cultus-ES has exhibited systematic declines in productivity, model forms that
specifically consider this recent lower productivity in benchmark estimation produced similar
benchmarks to the full time series standard Ricker model. The smoothed Ricker model
produced slightly higher lower benchmarks across all probability levels. Other model forms
produced lower benchmarks that fall both above and below the full time-series Ricker model,
depending on the probability level. Upper benchmarks were similar or lower for these model
forms, compared to the full time series standard Ricker model. Statuses for model forms that
consider recent productivity were also identical (Red status) across all p-levels.
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Trends in Abundance: Cultus-L has experienced three distinct periods of abundance (Appendix
3, Cultus-L, Figures 1 a & b). The earliest years in the time series (1934 - 1968) exhibited the
highest average effective total spawners (ETS) at 19,400, with peak escapements occurring
from 1939 to 1942 (average ETS: 45,500), following predator removal from Cultus Lake. This
early period of abundance was strong but variable with no cyclic dominance, attributed to the
operation of the Sweltzer hatchery and periodic control of predators feeding on Sockeye fry in
the lake (Cultus Sockeye Recovery Team 2009). Abundance subsequently declined during the
period from 1960 to 1991 (average ETS was 8,200). During this period, cyclic dominance
occurred, with three stronger cycles and one weaker cycle. In recent years (1992 to 2009),
average ETS has declined further to 1,600, and cyclic dominance has again disappeared.
Female spawner success was relatively high (92%) from 1934 to 1992. In recent years,
spawner success has decreased (74%), with some years as low as 15% (e.g. 1999 and 2000)
(Appendix 3, Cultus-L, Figure 1 b).

The ratio of the recent generation geometric mean ‘wild (unclipped)’ Sockeye abundance to the
long-term geometric mean for Cultus-L (ratio: 0.07) is well below the lower benchmark for this
metric (ratio: 0.5) (Red status) (Table 5; Appendix 3, Cultus-L, Figures 2 c). In recent years (last
three generations), Cultus-L has declined in ‘wild’ Sockeye abundance following a period of
already below average EFS (see previous paragraph). The slope of this recent trend (-73%
change in abundance) is steeper than the lower benchmark for this metric (-25% change in
abundance)(Red status), and there is a 100% probability that this recent trend is below the
lower benchmark (Table 5; Appendix 3, Cultus-L, Figures 2 a & b).

Francois-Fraser-S

Sites: There are three sites for this CU, the Stellako River and Uncha and Ormonde Creeks
(Appendix 1).

History: After the 1913 Hells Gate landslide, the Francois-Fraser-S population began to build
and exhibit cyclic dominance. In 1964, log driving commenced on the Stellako River, to
transport logs downstream from upriver forestry operations. This practice moved logs by
releasing large volumes of water from splash dams during the spring freshets. Log driving
degraded the river system, leaving bark and wood fibre deposits on the river bottom and
spawning grounds, and eroding river banks through scouring and log jams (Roos 1991). After
1968, log driving was discontinued. This CU has not exhibited cyclic dominance since the log
driving period (Schubert 2000).

Significant hydro-electric infrastructure exists on the Nechako River, which is connected to the
Stellako system. However, Francois-Fraser-S Sockeye habitat has not been affected, as the
dam was constructed upstream of Sockeye accessible areas. Although flow management
associated with this facility has likely historically affected Sockeye, current flows are managed
to meet temperature targets for this species.

Escapement Time Series: Only the Stellako River was included in the escapement time series
and no gap filling was required (Appendices 1 & 2). Escapement enumeration included mark
recapture programs from 1950 to 1993 and from 2007 to 2009, and a fence program from 1994
to 2006. In 1994 and 1995, both mark recapture and fence counts were conducted to evaluate
mark recapture biases (Schubert 2007); fence data were used as the escapement time series
for these years. The comparison study concluded that sampling biases in the mark recapture
program were bi-directional, and, as a result, were cumulatively small (Schubert 2007). Most
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Stellako River Sockeye (Summer Run timing) rear in Fraser Lake, with a smaller proportion of
juveniles (from spawners that spawn near the top end of Stellako River at the outlet of Francois
Lake) that rear in Francois Lake. Mark-recapture tagging data confirm the mixing of all temporal
components spatially throughout the Stellako River; although the earliest arrivals tend to head
to the top of the Stellako River and hold at the lake outlet before dropping back to spawn, these
earliest arrivals spawn throughout the entire river. Similarly, later arrivals also spawn throughout
the river including the uppermost reaches. Uncha Creek was not included in the escapement
time series, as Sockeye in this creek have only been sporadically observed; low water
frequently presents a barrier to Sockeye in many years. Uncha Creek Sockeye are Stellako
River Sockeye strays that are observed only intermittently when Stellako abundances are high
and when water levels permit entry of these fish into this creek. Ormonde Creek was also
excluded from the escapement time series. These Sockeye historically spawned earlier (Early
Summer timing), compared to recent years where spawning occurs later (Summer Run timing).
This historical Early Summer timed Ormonde Creek Sockeye population is how considered
extirpated (see proceeding extirpated section: Fraser-ES). In recent years, Sockeye in this
creek are now assumed to be Stellako strays as they are observed particularly on more
abundant Stellako years.

Productivity: Similar to other Summer Run CUs, Francois-Fraser-S has exhibited systematic
declines in productivity (Kalman filter Ricker a parameter values) since the 1990 brood year
(Appendix 3, Francois-Fraser-S, Figure 1 c). Productivity (R/S) has been particularly low
recently (1998 - 2005 brood years), with six of these years close to or below replacement
(Appendix 3, Francois-Fraser-S, Figure 1 d). Similar to other CUs with freshwater survival data,
Francois-Fraser-S early freshwater survival (fry/EFS) decreased from the 1990’s to the 2000
brood year, and has subsequently increased in the last year of this time series (fry were
assessed in this system only from 1990 to 2002 brood years) (Appendix 3, Francois-Fraser-S,
Figure 1 e). Post-fry survival (recruits/fry), that includes a period of freshwater survival and
marine survival, generally decreased (Appendix 3, Francois-Fraser-S, Figure 1 f).

Abundance: The stock-recruitment time series for Francois-Fraser-S includes brood years 1950-
2004. For Ricker model benchmark estimates (recommended model by Holt et al. 2009), a
lognormally distributed prior (mean of 550,000 and sigma of 13,000), based on calculations of
lake rearing capacity, was used to estimate the Ricker ‘b’ parameter (Table 4; Appendix 3,
Francois-Fraser-S, Figure 2 d). Using the standard Ricker model and the full time series (brood
years 1950-2004), lower benchmarks ranged from 27,000 to 68,000 at the 10% to 90% p-level,
and upper benchmarks ranged from 151,000 to 264,000 (Table 4; Appendix 3, Francois-Fraser-
S, Figure 2 e). Statuses were assessed by comparing both the arithmetic (87,500) and the
geometric (68,000) mean abundance of the last generation to the benchmarks. The resulting
statuses were Amber across all probability levels (Table 4). Statuses were similar using these
two calculations of recent abundance, as geometric and arithmetic recent generation means
were similar (only a 22% difference between arithmetic versus geometric means).

Given that Francois-Fraser-S has exhibited systematic declines in productivity, model forms that
specifically consider this recent lower productivity in benchmark estimation produced higher
(more biologically conservative) lower benchmarks. The recursive-Bayesian Ricker model
produced the highest (most biologically conservative) lower benchmarks, followed by the most
truncated (brood years 1990-2004) Ricker model and the smoothed-Ricker. The less truncated
Ricker model (brood years 1970-2004) produced similar lower benchmarks to the full time
series standard Ricker model. Upper benchmarks were similar for the truncated Ricker models,
compared to the full time series standard Ricker model, and lower for the recursive-Bayesian
Ricker and the smoothed-Ricker models. Statuses for these model forms that consider recent
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productivity were Amber (or Green in the case of the smoothed-Ricker) up to the 25% p-level
and then changed to Red at higher probability levels (exact level differs between models)(Table
4). Only the smoothed-Ricker model had Green statuses in the probability distribution
(specifically at the 10% to 25% p-levels).

Trends in Abundance: The average abundance in the Francois-Fraser-S CU was low in the first
half (1950-1974) of the time series (average: 32,300 EFS) and increased from 1975 to 2002
(average EFS: 70,800), with increasing frequency of high abundance years (exceeding 150,000
EFS). Average EFS across the entire time series is 53,000 (Table 5). This CU has declined from
a period of above average EFS, which occurred three generations prior to the end of the time
series (105,000), to the current generation average EFS (47,300) (Table 5; Appendix 3,
Francois-Fraser-S, Figure 1 b). From 1950 to 1968, Francois-Fraser-S exhibited cyclic
dominance, with one dominant cycle (average EFS: 61,500), one subdominant cycle (average
EFS: 41,200) and two off cycles (average EFS: 19,700) (Appendix 3, Francois-Fraser-S,
Figures 1 a & b). After this period, abundance fluctuated, with no persistence of cyclic
dominance but large inter-annual variability in abundance. Throughout the time series, spawner
success has remained high (~90%) and has not exhibited any persistent trends (Appendix 3,
Francois-Fraser-S, Figure 1 b).

The ratio of the recent generation average abundance to the long-term average (ratio: 1.31) for
Francois-Fraser-S is above the upper benchmark (Green status) (ratio: 0.75) (Table 5; Appendix
3, Francois-Fraser-S, Figure 2 c¢). In recent years (last three generations), Francois-Fraser-S
EFS has decreased following a period of above average EFS (see previous paragraph). The
slope of this recent trend (-38% change in abundance) is steeper than the lower benchmark for
this metric (-25% change in abundance)(Red status), and there is a 78% probability that this
recent trend is below the lower benchmark (Table 5; Appendix 3, Francois-S, Figures 2 a & b).

Harrison (D/S)-L

Sites: Populations that migrate downstream to rear in Harrison Lake, after emerging from the
gravel as fry, include Bear Creek, Big Silver Creek, Cogburn Creek, Crazy Creek, Douglas
Creek, Hatchery Creek, Sloquet Creek, Tipella Creek and Tipella Slough (Appendix 1).

History: Big Silver Creek, the most consistently assessed stream in this CU, originates in the
Lillooet Range of the Coast Mountains east of Harrison Lake, and flows predominantly west to
the lake. River flows are maintained throughout the summer via snowfields in the headwaters.
Although the total length of the Big Silver mainstem, from headwaters to mouth, is
approximately 40 km, a waterfall 6 km from the mouth prevents fish passage further upstream.
The lower 15 km of the mainstem channel is very stable and contains only a single major
bifurcation 2 km up from the mouth. Big Silver contains numerous narrow bedrock canyons
spread sporadically through the length of the mainstem. Stream banks are stable and serve to
confine the river during periods of high flow (Wilson et al. 1999). Big Silver was historically
affected by logging activities, which may have changed flow regimes, sediment deposition, and
caused erosion (Fisheries and Oceans Canada 1999). Restoration and enhancement projects
have been conducted on Big Silver Creek, aimed specifically at enhancing flows and Sockeye
usage of the north fork of this creek where high quality spawning habitat (classic spawning
gravel), relative to the south fork (large cobbles), occurs (K. Peters, DFO, pers. comm.).

Escapement Time Series: Big Silver Creek is the only creek consistently assessed in this CU,
likely due to ease of surveyor accessibility (Appendix 1). Douglas, Hatchery and Bear Creeks
were assessed in 1950-1953 (in these year’s, Big Silver Creek comprised 50% of the total
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escapement) and Cogburn, Crazy, Sloquet and Tippella Creeks were assessed only after 2000
(in these year’s, Big Silver comprises 92% of the total escapement). Therefore, only Big Silver
Creek is included in the escapement time series and no gap filling was required (Appendix 2).

Productivity: Productivity and survival could not be estimated for this CU as there are no
associated recruitment data available for this CU.

Abundance: Abundance benchmarks could not be estimated for this CU as there are no
associated recruitment data available. Information on spawning capacity can also not be used
since this CU rears in Harrison Lake along with Harrison (U/S)-L that makes up a more
significant proportion of total fry that rear in this lake. Spawning habitat capacity likely limits
juvenile production rather than lake rearing capacity.

Trends in Abundance: Harrison (D/S)-L is a small CU with an average EFS of 1,500 (Appendix
3, Harrison (D/S)-L, Figure 1 b). From 1964 to 1998, abundance was relatively low (average
EFS: 580), and subsequently increased between 1999 and 2009 (average EFS: 5,400) (Table
5). From 1950 to 1964, Harrison (D/S)-L Sockeye exhibited cyclic dominance, with one
dominant (average EFS: 2,500) and three subdominant cycles (average EFS: 100). Since 1964,
this CU has not exhibited cyclic dominance. Throughout the time series, spawner success has
remained high (~85%), with a few intermittent years of low spawner success (1953: 30%; 1981
67%; 1983: 54% and 2008: 63%) (Appendix 3, Harrison (D/S)-L, Figure 1 b).

The ratio of the recent generation average abundance to the long-term average (ratio: 13.3) for
Harrison (D/S)-L is well above the upper benchmark (Green status) (ratio: 0.75) (Table 5;
Appendix 3, Harrison (D/S)-L, Figure 2 c¢). This CU’s abundance has increased in the last three
generations with a positive slope (274%) that is well above the upper benchmark for this metric
(15% rate of decline) (Green status), and there is an extremely small probability (1%) that this
recent increasing trend is below the lower benchmark for this metric.

Harrison (U/S)-L

Sites: Populations that migrate upstream to rear in Harrison Lake, after emerging from the
gravel as fry, include East Creek (rolled up into Weaver Creek after 1951 and may alternatively
be named Sakwi Creek), Steelhead Creek (rolled up into Weaver Creek throughout the time
series), Weaver Creek and Weaver Channel (Appendix 1).

History: Until 1965, Weaver Creek was the key producer of Sockeye in this CU (average EFS:
9,200), with negligible contributions from Steelhead Creek (small creek on the west side of
Weaver Creek near a swampy area) and East Creek (located on the east side of Weaver
Creek). Towards the end of this early period (1961-1964), extensive logging within the
watershed caused considerable flooding and scouring of Sockeye spawning habitat, and
abundance declined to near extinction (Roos 1991). Substantial erosion and sediment input into
Sakwi and Weaver Creeks occurred as a result of logging (1963), and road and trail clearing
associated with the development of a ski resort (1970’s) (Rood and Hamilton 1995). In the 1972
brood year, a decline in fry/egg survival in Weaver Creek was attributed to the accumulation of
sediment and organic debris in the gravel. Gravel cleaning returned survival to normal by the
1973 brood year, but it declined again in 1974 to 1975 for the same reason (International Pacific
Salmon Fisheries Commission 1972).

The Weaver Creek diversion weir and spawning channel (located on Weaver Creek, upstream
of Harrison River), the first of its kind for Sockeye in BC, was built in the mid-1960’s, and started
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operating in the fall of 1965. Weaver channel was constructed to re-build production from the
Weaver stock, and subsequently allow for increased harvest opportunities on the Late Run CUs
(which includes the large Adams River run). The channel also serves to protect the Weaver run
from periodic flooding events. A flow control structure is operated at the outlet of Weaver Lake,
to manage the water supply for channel operations. Sakwi Creek, a tributary of Weaver Creek,
upstream of the channel, also has an intake that provides water for the channel as required.

The channel operated at 25% of capacity until 1969, when there were sufficient spawners to fill
it to near capacity (International Pacific Salmon Fisheries Commission 1972). Subsequently,
Sockeye were preferentially diverted into the channel over the creek, since their presence in the
creek is thought to affect oxygen concentrations in the channel’s source water. The channel has
approximately eight times higher fry/egg survival compared to the creek (natural spawning
grounds), based on data available from 1965-1988. Pre-spawn mortality has been relatively
high in the last four years, attributed to the Parvicapsula parasite. The cause of Parvicapsula
outbreaks is not yet clear, although it is thought to be associated with changes in river entry
timing and water temperatures (R. Cook, DFO, pers. comm.). There has also been one year
(1995) of elevated pre-spawn mortality associated with Ichthyophthirius multifiliis. Although this
pathogen typically does not cause disease in Sockeye Salmon, “ich” or “white spot disease” can
occur if numbers of this pathogen are high due to conditions such as warm water, reduced
flows, and adult crowding.

Weaver has historically had low flow levels and was essentially dry during the 1952 drought
(Rood and Hamilton 1995). Channel excavation is conducted annually in lower Weaver Creek to
maintain a low flow channel and holding pools, to improve conditions for salmon migration
during low flow conditions. Weaver has also been dredged a number of times to maintain
access to the spawning channel (Rood and Hamilton 1995).

Escapement Time Series: Three sites are included in the escapement time series: Weaver
Creek, Weaver Channel and East Creek and no gap filling was required (Appendices 1 & 2).
East Creek has independent data early in the time series but was included in the Weaver Creek
estimate after 1951. Steelhead Creek is not included separately in the escapement records, and
has also been rolled up into the totals for Weaver Creek. Weaver Creek and Channel cannot be
evaluated independently, since numbers of Sockeye in each is a consequence of channel
loading regimes at the diversion fence located at the outlet of this system. Data for the channel
begins in 1965 after its construction. From 1950 to 1988, mark recapture surveys were primarily
used to assess escapement into Weaver Creek (with the exceptions of 1951, 1966-1968, which
were assessed with peak live cumulative dead methods). From 1989 to 2009, peak live
cumulative dead visual surveys were conducted (with the exceptions of 1994, 1996 and 1998,
which were assessed using mark recapture methods, and from 1999-2000 and 2002-2003,
which were assessed using an enumeration fence). Weaver Channel was exclusively assessed
at the channel diversion fence, using counts of live Sockeye migrating above the diversion weir
to the spawning channel, the upper creek, and into the ESSR holding channel. Fish removed for
ESSR were not counted in escapements. Visual surveys were conducted in lower Weaver
Creek. downstream of the diversion fence, and carcass surveys were conducted upstream and
downstream of the diversion fence.

Productivity: In contrast to Early Summer Run and Early Stuart CUs, the Harrison (U/S)-L CU
has not exhibited any persistent trends in productivity (based on Kalman filter Ricker a
parameter values)(Appendix 3, Harrison (U/S)-L, Figure 1 ¢). However, productivity (R/S) has
been particularly low in recent years (2000 to 2005 brood years), with one of these years falling
below replacement (Appendix 3, Harrison (U/S)-L, Figure 1 d). Similar to other CUs with
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freshwater survival data, Harrison (U/S)-L early freshwater survival (fry/EFS) decreased
consistently from the start of the time series in 1966 up to 1990, and has subsequently
increased (Appendix 3, Harrison (U/S)-L, Figure 1 e). Post-fry survival (recruits/fry), which
includes a period of freshwater survival and marine survival, decreased in the 1970’s, increased
in the 1990’s and has subsequently decreased (Appendix 3, Harrison (U/S)-L, Figure 1 f).

Abundance: The Harrison (U/S)-L stock-recruitment time series only includes years after the
construction of the Weaver spawning channel (brood years 1966-2004), to ensure consistency
in the spawning area throughout the time series. For Ricker model benchmark estimates
(recommended model by Holt et al. 2009), a uniformly distributed prior (range: 0 to 1,000,000)
was used to estimate the Ricker ‘b’ parameter (Table 4; Appendix 3, Harrison (U/S)-L, Figure 2
d). Using the standard Ricker model and the full time series (brood years 1966-2004), lower
benchmarks ranged from 4,000 to 23,000 at the 10% to 90% p-level and upper benchmarks
ranged from 52,000 to 147,000 (Table 4; Appendix 3, Harrison (U/S)-L, Figure 2 e). Statuses
were assessed by comparing both the arithmetic (20,400) and the geometric (12,200) mean
abundance of the last generation to the benchmarks. The resulting statuses decreased at
higher probability levels. Specifically, status changed from Amber to Red above the 75% and
50% p-levels, respectively, when evaluated using the arithmetic and geometric mean
abundances (Table 4).

Harrison (U/S)-L has not exhibited the systematic declines in productivity exhibited by other
CUs. Therefore, model forms that specifically consider recent productivity in benchmark
estimation did not produce consistently larger (more biologically conservative) lower
benchmarks than the full time series standard Ricker model. The recursive-Bayesian Ricker
benchmarks are not recommended for this CU, as they produce S, estimates that are
unrealistically high relative to other models. The smoothed-Ricker produced the highest lower
benchmarks, and the most truncated time series (brood years 1990-2004) Ricker model
produced the lowest, relative to the full time series standard Ricker model. Upper benchmarks
were lower for these models, compared to the full time series standard Ricker model. Statuses
for these model forms that consider recent productivity were generally Amber in status, with the
exception of some of the highest probability levels, which were Red in status, depending on the
model and method for estimating recent abundance (Table 4).

Trends in Abundance: Abundance in Harrison (U/S)-L was particularly low at the start of the
time series, prior to channel construction (1950-1974 average EFS: 11,000), increased from
1975 to 1990 (average EFS: 32,500) and has decreased again in recent years (1990-2009
average EFS: 18,700). The average EFS for the entire time series is 19,200 (Table 5). Harrison
(U/S)-L has not exhibited cyclic dominance throughout the time series (Appendix 3, Harrison
(U/S)-L, Figure 1 a). Spawner success was consistently high from 1964 to 1994 (channel: 96%;
creek: 95%) and lower from 1995 to 2009 (channel: 83%; creek: 57%). In the channel, the
lowest spawner success years were 1995, 2006 and 2008 (~70% in each year). The creek had
a large number of years with extremely low spawner success (2001: 8%; 2006: 14% and 2008:
7%, and many years after 1994 where success was 40-50% i.e. 1995-1997; 1999; 2009)
(Appendix 3, Harrison (U/S)-L, Figure 1 b).

The ratio of the recent generation geometric mean to the long-term geometric mean for Harrison
(U/S)-L EFS (ratio: 0.8) is greater than the upper benchmark for this metric (ratio: 0.75) (Green
status) (Table 5; Appendix 2, Harrison (U/S)-L, Figure 2 c¢). For comparison, if only data after the
installation of Weaver channel (1965-2009) are used to estimate the trend in abundance, the
ratio of the recent generation abundance to the long-term average (0.62) would fall between the
lower (ratio: 0.5) and upper (0.75) benchmark for this metric (Amber status). In recent years
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(last three generations), Harrison (U/S)-L EFS has decreased with a slope that is steeper (-30%
change in abundance) than the lower benchmark for this metric (-25% change in
abundance)(Red status), and there is a 60% probability that this recent trend is below the lower
benchmark (Table 5; Appendix 3, Harrison (D/S)-L, Figures 2 a & b).

Harrison River (River-Type)
Sites: This CU includes a single site, the Harrison River (Appendix 1).

History: The only site with a consistent time series and a confirmed established river-type
population in the Lower Fraser Area is the Harrison River (River-Type) Sockeye. The Harrison
River system originates in the Coast Mountains and drains Harrison Lake. The mouth of the
Harrison River forms a floodplain marsh approximately 0.05 km? in size. The Harrison Rapids at
the outlet of the Chehalis River provide an important control on water levels at low discharge
(Rood and Hamilton 1995). As a result, the Harrison River is very stable with coarse substrate.
During the spring the rapids are backwatered and inundated by the freshet flows of the Fraser
River (Fisheries and Oceans Canada 1999). The rapids and lower portion of the river, which are
used by Sockeye for spawning habitat, have been dredged to maintain a navigation channel
(Rood and Hamilton 1995). At higher discharges the river spreads to cover the main channel as
well as three others where fish spawn (primarily pink spawning ground) (International Pacific
Salmon Fisheries Commission 1972).

Harrison Sockeye are unique compared to other Fraser Sockeye CUs in terms of their
freshwater residence, age structure, ocean migration timing, and migration routes. After
Harrison Sockeye emerge from the gravel they are thought to rear in sloughs for a few months
prior to their downstream migration, and, as a result, enter the Strait of Georgia a few months
after all other Fraser Sockeye (Birtwell et al. 1987). Unlike other Fraser Sockeye, they do not
rear in freshwater lakes as juveniles for one to two years. Also unlike all other Fraser Sockeye,
Harrison Sockeye rear in the Strait of Georgia for up to six months, prior to migrating through
the Southern Juan de Fuca Strait (Taylor et al. 1996; Tucker et al. 2009). All other Fraser
Sockeye immediately migrate north through the Johnstone Strait once they reach the Strait of
Georgia.

Escapement Time Series: The only site in the Harrison River (River-Type) CU is the Harrison
River and no gap filling was required of this escapement time series (Appendices 1 & 2). Mark
recapture programs were conducted on this system until 1971, and in 1978 to 1979. After 1971,
peak live cumulative dead visual survey methods were typically used, largely via boat, and then
via helicopter starting in 1994. Escapements increased dramatically beginning in 2005 (400,000
total adults), although it was not until 2009 that a mark recapture program was re-instituted.
Escapement estimates between 2005 and 2008 are likely biased low due to the assessment
challenges of visually counting large numbers of Sockeye. Visual assessments were
compromised in four additional years (1986, 1989, 1991 and 1993), due to poor visibility in the
lake. Overall, the use of visual surveys on the Harrison River introduces large negative biases,
because observations are confounded by the size and depth of the river, and the large
spawning populations of Chinook and Chum (Schubert 2007)

Productivity: Harrison (River-Type) Sockeye, unlike most other CUs, have increased in
productivity in recent years, with the exception of the 2005 brood year, which had the lowest
productivity on record for this CU (Appendix 3, Harrison River (River-Type), Figures 1 ¢ & d).
Mechanisms explaining the recent dramatic increase in productivity and abundance are poorly
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understood, although linkages to improved survival are likely related to their different life-history
strategy (river-type) relative to most other Fraser Sockeye (lake-type).

Abundance: The full stock-recruitment time series for Harrison River (River-Type) includes the
brood years 1950-2005. Since this CU is dominated by Harrison Sockeye, which return as three
and four year old fish (rather than four and five year olds for all other Sockeye CUs), total
recruitment data are available up to 2005 (only available to 2004 for all other Fraser Sockeye
CUs). For Ricker model benchmark estimates (recommended model by Holt et al. 2009), a
uniformly distributed prior (range: 0 to 800,000) was used to estimate the Ricker ‘b’ parameter
(Table 4; Appendix 3, Harrison River (River-Type), Figure 2 d). Using the standard Ricker model
and the full time series (brood years 1950-2005), lower benchmarks ranged from 6,000 to
14,000 at the 10% to 90% p-levels, and upper benchmarks ranged from 28,000 to 40,000
(Table 4; Appendix 3, Harrison River (River-Type), Figure 2 e). Statuses were assessed by
comparing both the arithmetic (147,700) and the geometric (80,300) mean abundance of the
last generation to these benchmarks. The resulting statuses were Green across all probability
levels (Table 4).

Given that the Harrison River (River-Type) CU has exhibited systematic increases in
productivity, in contrast to most other CUs, which have exhibited decreases in productivity,
model forms that specifically consider recent productivity in benchmark estimation generally
produced smaller (less biologically conservative) lower benchmarks for this CU. The recursive-
Bayesian Ricker benchmarks are not recommended for this CU as they produce S« estimates
that are unrealistically high relative to other models. The smoothed-Ricker model produced
extremely small lower benchmarks relative to all other models. The less truncated (brood years
1970-2005) Ricker model produced similar benchmarks to the full time series (brood years
1950-2005) standard Ricker model, and the more truncated (brood years 1990-2005) Ricker
model produced slightly smaller lower benchmarks. Upper benchmarks were generally higher
for all models that specifically consider recent productivity, with the exception of the smoothed-
Ricker model benchmarks, which were approximately one third the size of the full time series
(1950-2005) standard Ricker model benchmarks. Statuses for these model forms that consider
recent productivity were Green for all models and probability levels (Table 4).

Trends in Abundance: From 1950 to 2004, the Harrison River (River-Type) Sockeye CU was
relatively small in terms of abundance (average EFS: 6,400) (Table 4; Appendix 3, Harrison
River (River-Type), Figure 1 a). After 1994, abundance dramatically increased to a maximum of
200,000 EFS in 2005 (average EFS: 93,000). With the exception of one brood year in the recent
time period, which experienced the lowest productivity on record for this CU (2005 brood year),
this CU has been extremely productive and abundant. This CU has not exhibited cyclic
dominance. Spawner success has also been consistently high throughout the time series
(average: 98%) (Table 4; Appendix 3, Harrison River (River-Type), Figure 1 b).

The ratio of the recent generation geometric mean to the long-term geometric mean for Harrison
(River-Type) EFS (ratio: 6.98) is well above the upper benchmark for this metric (ratio: 0.75)
(Green status) (Table 5; Appendix 3, Harrison River (River-Type), Figure 2 c). In recent years
(last three generations), Harrison River (River-Type) EFS has increased (see previous
paragraph). The positive slope of this recent trend (2453% change in abundance) is well above
the lower benchmark for this metric (-25% change in abundance)(Green status), and there is a
0% probability that this recent trend is below the lower benchmark (Table 5; Appendix 3,
Harrison River (River-Type), Figures 2 a & b). Additionally, given that escapement estimates for
recent years are likely negatively biased (underestimates) and imprecise (highly uncertain), this
increasing trend is likely larger than the current trend analysis indicates.
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Kamloops-ES

Sites: Populations that rear in Kamloops Lake include Barriere River, Clearwater River, Dunn
Creek, Finn Creek, Grouse Creek, Hemp Creek, Lemieux Creek, Lion Creek, Mann Creek, Moul
Creek, North Thompson and Raft Rivers (Appendix 1). A nearby system that includes Sockeye
spawning populations in Fennell and Harper Creeks was not included in the Kamloops-ES CU,
since these populations rear as juveniles in Barriere Lake and not Kamloops Lake. The Fennell
and Harper populations are now included in both an extirpated North Barriere-ES CU (extirpated
after construction of a downstream dam in this system) and a de novo North Barriere-ES (de
novo) ‘CU’ (that originates from hatchery transplants after the downstream dam was removed in
1952), found in proceeding sections.

History: The only history found for this CU was that Raft Creek was used as a donor population
for hatchery transplants into Fennell Creek, to re-build Fennell Creek after it was effectively
extirpated due to a dam on Fennell Creek up to 1952 (Beacham et al. 2004).

Escapement Time Series: Only Raft Creek was included in the escapement time series and no
gap filling was required for this site (Appendix 2). Raft River has been consistently assessed
since 1950 since this system is relatively small and easy to access. Raft has been assessed
using a combination of mark recapture and visual survey methods, with mark recaptures
generally conducted during years of larger abundance. For most of the time series (1950-1999),
Raft makes up ~90% of the total escapement. From 2000-2009, Raft’'s contribution to total
escapement decreases to 60%, while the North Thompson River began to contribute larger
escapements to the CU (roughly 40%). Despite its larger contribution to the CU abundances
later in the time series, North Thompson was not included in the escapement time series for a
number of reasons, including a shift in assessment methods that occurred in very recent years.
Historically, the North Thompson was assessed using visual (ground) survey methods (peak live
cumulative dead). This assessment method is particularly challenging for the North Thompson
River because it is a large, extremely turbid system. Also, surveys generally occurred in the first
week of September and, therefore, likely missed the peak of spawning. Starting in 2000,
surveys were conducted by air during the third week of September. These more recent surveys
likely better reflect true abundance in the system compared to previous assessments. During
the methodology switch, abundance increased from an historical average of 400 EFS (prior to
2000) to a recent average of 164,000 EFS (2000-2009). The shift in assessment methods, as
well as the size and turbidity of the system, confounds the ability to determine if the increase in
abundance in the North Thompson River reflects actual trends, or is an artefact of methodology.
It is likely that the change in abundance indicates a true increase, given that observations of
large numbers of carcasses were not previously reported by DFO field assessment staff. Trends
in the North Thompson also somewhat align with those of Raft, increasing in abundance starting
in the late 1990's with a peak in escapement in 2005. Therefore, due to uncertainty in the North
Thompson time series prior to 2000, and given similarities to Raft, North Thompson was not
included in the trend analysis. Barriere River was also not included in the CU escapement time
series as it has considerable gaps, negligible spawner abundance, and potentially poor quality
data, due to the structure of the spawning substrate (big boulders), which makes visual ground
surveys problematic. It is unclear whether these counts represent actual Barriere spawners or
fish migrating through to Fennell and Harper Creeks. Therefore, Barriere was also not included
in the escapement time series. All other enumeration sites were excluded from the escapement
time series as they had negligible abundances that only started being observed near the end of
the time series.
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Productivity: Unlike other Early Summer Run and Early Stuart CUs, Kamloops-ES exhibited no
changes in productivity (Kalman filter Ricker a parameter values) throughout the time series
(Appendix 3, Kamloops-ES, Figure 1 c). However, in recent years, productivity (R/S) was
particularly low from the 2003 to 2005 brood years, with two of these years below replacement
(Appendix 3, Kamloops-ES, Figure 1 d). There are no freshwater or marine survival data
available for this CU.

Abundance: The stock-recruitment time series for Kamloops-ES includes the years 1950-2004.
For Ricker model benchmark estimates (recommended model by Holt et al. 2009), a uniformly
distributed prior (range: 0 to 500,000) was used to estimate the Ricker ‘b’ parameter (Table 4;
Appendix 3, Kamloops-ES, Figure 2 d). Using the standard Ricker model and the full time series
(brood years 1967-2004), lower benchmarks ranged from 3,000 to 15,000 at the 10% to 90% p-
levels and upper benchmarks ranged from 15,000 to 50,000 (Table 4; Appendix 3, Kamloops-
ES, Figure 2 e). Statuses were assessed by comparing both the arithmetic (9,500) and the
geometric (9,000) mean abundance of the last generation to the benchmarks. The resulting
statuses were Amber across all probability levels (Table 4), except for the 90% p-levels, which
were Red. Statuses were identical using these two calculations of recent abundance, as
geometric and arithmetic recent generation means were similar (only a 5% difference between
arithmetic versus geometric means).

Given that Kamloops-ES has not exhibited systematic declines in productivity, model forms that
specifically consider recent productivity in benchmark estimation generally produced similar
lower benchmarks to the standard full time series Ricker model. The recursive-Bayesian and
smoothed Ricker models were not used to estimate benchmarks, as the removal of Fennell
Creek from the escapement time series for the Kamlooops-ES CU occurred just prior to paper
submission, and these additional analyses could not be conducted. Therefore, only truncated
Ricker model forms were used to estimate more recent productivity. The least truncated (brood
years 1970-2004) Ricker model produced only slightly higher (more biologically conservative)
lower benchmarks compared to the standard Ricker model. The most truncated (brood years
1990-2004) Ricker model produced smaller (less biologically conservative) lower benchmarks
compared to the full time-series (brood years 1950-2004) standard Ricker model. Upper
benchmarks were similar for all models. Statuses for the truncated Ricker models were
generally Amber, except for at higher p-levels (at and above the 75% to 90% p-levels,
depending on the model) that were Red. Statuses were identical when assessed using either
the arithmetic or geometric recent mean abundances.

Trends in Abundance: Raft River EFS exhibited relatively low abundances from 1950 to 1990
(average EFS: 2,700), and started to build in the mid-1990’s (average EFS from 1990-2009:
6,900). Average escapement across the entire time series (1950-2009) is 4,200 EFS (Table 5;
Appendix 3, Kamloops-ES, Figure 1 b). Spawner success was generally high throughout the
time series (average: 88%) with the exception of a few years (1950, 1967, 1971 and 1977) that
were relatively low (~50%) (Appendix 3, Kamloops-ES, Figure 1 b).

The ratio of the recent generation geometric mean to the long-term geometric mean for
Kamloops-ES (ratio: 2.37) is greater than the upper benchmark for this metric (ratio: 0.75)
(Green status) (Table 5; Appendix 2, Kamloops-ES, Figure 2 c). In recent years (last three
generations), Kamloops-ES EFS has increased (see previous paragraph). The slope of this
recent increasing trend (16% change in abundance) is greater than the upper benchmark (-15%
change in abundance) for this metric (Amber status), and there is only a 12% probability that
this trend is below the lower benchmark (Table 5; Appendix 3, Kamloops-ES Figures 2 a & b).
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Lillooet-Harrison-L

Sites: Populations that rear in Lillooet and Harrison Lakes include the Birkenhead River, Green
River, Lillooet Slough, Miller Creek, Poole Creek, Railroad Creek, Ryan River, Sampson Creek,
John Sandy Creek, and Twenty-Five Mile Creek (Appendix 1).

History: Sockeye in the Lillooet-Harrison CU rear in both Lillooet Lake and Harrison Lake (Cave
1988). This CU is situated below the Fraser Canyon, and was not directly impacted by the 1913
Hells Gate landslide. Most spawning for this CU occurs in the Birkenhead River. Between 1946
and 1951, the course of the Birkenhead River was manually changed to flow directly into
Lillooet-Harrison Lake (instead of via the Lillooet River) for the purpose of flood control (Rood
and Hamilton 1995). This alteration likely reduced the potential spawning area (Schubert and
Tadey 1997). Sections of the Birkenhead River and much of the lower 40 km of the upper
Lillooet River have been dyked, and much of the floodplain has been ditched or filled, which has
degraded salmon habitat. Changes to the system include wider shallower river channels with
steeper gradients, channel degradation in the lower 13 km of Lillooet River, the isolation of cut-
off meanders, a loss of wetlands, and a rapid increase in the rate of advance of the river delta
(Schubert and Tadey 1997). In August 2010, a major landslide, caused by the Capricorn
Mountain and Glacier giving way, resulted in rock and debris flows that blocked Meager Creek,
located north of Pemberton. In 2010, returns of Sockeye will have to swim through a 1.5 km
long suspended sediment wedge, as they enter the Birkenhead River. Although the remaining
component of the Birkenhead River is not turbid, it is uncertain what impacts the suspended
sediments will have on this population, and for how many years this will persist.

Escapement Time Series: Only the Birkenhead River was included in the escapement time
series (Appendix 1). The Birkenhead River has been consistently assessed throughout the time
period, and makes up over 99% of the escapement in years when other populations were also
assessed. All other populations comprise only a minor component of total production for the
Lillooet-Harrison-L CU, and these populations have only been opportunistically assessed with
lower precision methods (visual ground surveys). Birkenhead River was assessed with a mark
recapture program up to 1999. Biases in the mark recapture methods were identified in 1994,
and methods were modified in 1995. Conclusions of a 1995 study indicated that the pooled
Petersen population estimates were no longer significantly biased (Schubert and Tadey 1997;
Houtman et al. 2000). In recent years, assessment methods have varied. Specifically, in 2000
an overflight visual survey was used to assess Sockeye escapements, in 2001 a counting tower
was used, and subsequently (post-2002) an enumeration fence has been used to assess
escapement. The year 2002 represents the only gap in the Birkenhead escapement time series
when Sockeye escapements were not assessed. This year was gap filled using the average of
the previous and subsequent generation (cycle-line average methods)(Appendices 2 & 5).

Productivity: Similar to Summer Run CUs, Lillooet-Harrison-L has exhibited systematic declines
in productivity (Kalman filter Ricker a parameter values) since the mid-1980’s (Appendix 3,
Lillooet-Harrison-L, Figure 1 c¢). Productivity (R/S) has been particularly low recently, from the
1989 to 2005 brood years, with twelve of these years close to or below replacement (Appendix
3, Lillooet-Harrison-L, Figure 1 d). There are no freshwater or marine survival data available for
this CU.

Abundance: The full stock-recruitment time series for Lillooet-Harrison-L includes the brood
years 1950-2004. For Ricker model benchmark estimates (recommended model by Holt et al.
2009), a lognormally distributed prior (mean of 164,000 and sigma of 13,000), based on
calculations of lake rearing capacity, was used to estimate the Ricker ‘b’ parameter (Table 4;

Version Date: Aug 25 2011 Submission to CSAS 61



Appendix 3, Lillooet-Harrison-L, Figure 2 d). Using the standard Ricker model and the full time
series (brood years 1950-2004), lower benchmarks ranged from 8,000 to 17,000 at the 10% to
90% p-levels and upper benchmarks ranged from 67,000 to 93,000 (Table 4; Appendix 3,
Lillooet-Harrison-L, Figure 2 e). Statuses were assessed by comparing both the arithmetic
(104,900) and the geometric (63,600) mean abundance of the last generation to the
benchmarks. The resulting statuses were Green across all probability levels when comparing
the arithmetic mean, and Amber across all p-levels when comparing the geometric mean (Table
4).

Given that Lillooet-Harrison-L has exhibited systematic declines in productivity, model forms that
specifically consider this recent lower productivity in benchmark estimation produced higher
(more biologically conservative) lower benchmarks. The recursive-Bayesian Ricker model
produced the highest lower benchmarks, followed by the most truncated time series (brood
years 1990-2004) Ricker model, the smoothed-Ricker model, and the less truncated (brood
years 1970-2004) Ricker model. Upper benchmarks were generally lower for all models that
specifically considered recent productivity, compared to the full time series standard Ricker
model. Statuses for these model forms that consider recent productivity were Green for all
models and probability levels when assessed using the arithmetic (104,900) mean abundance
of the last generation. In contrast, statuses were Amber for the least truncated (brood years
1970-2004) Ricker model and mostly Green for all other model forms (with the exception of the
75%-90% probability levels for the recursive-Bayesian Ricker model, which were Amber) when
assessed using the geometric mean (63,600) (Table 4).

Trends in Abundance: Escapements were relatively low from 1950 to 1973 (average EFS:
18,000), slightly higher from 1973 to 1985 (average EFS: 36,100), and reached a period of
maximum abundance from 1986 to 2009 (average EFS: 74,400) (Appendix 3, Lillooet-Harrison-
L, Figure 1 a). In many years during this most recent time period, abundances have reached as
high as 200,000 EFS. Lillooet-Harrison-L has not exhibited cyclic dominance throughout the
time series. Spawner success has remained high (~91%) and has not exhibited any persistent
trends (Appendix 3, Lillooet-Harrison-L, Figure 1 b).

The ratio of the recent generation geometric mean to the long-term geometric mean for Lillooet-
Harrison-L EFS (ratio: 1.48) is greater than the upper benchmark for this metric (ratio: 0.75)
(Green status) (Table 5; Appendix 2, Lillooet-Harrison-L, Figure 2 c). In recent years (last three
generations), Lillooet-Harrison-L EFS has increased (see previous paragraph). The positive
slope of this recent trend (2712% change in abundance) is well above the upper benchmark for
this metric (-25% change in abundance)(Green status), and there is a 2% probability that this
recent trend is below the lower benchmark (Table 5; Appendix 3, Lillooet-Harrison-L, Figures 2
a&b).

Nadina-Francois-ES (merged Francois (First Run) and Francois (Second Run) CUs)

Sites: Populations that rear in Nadina Lake include Glacier Creek (located above Nadina Lake).
Populations that rear in Francois Lake include Nadina River (sites include: Early and Late
Nadina River), Nadina Channel, and Tagetochlain Creek (Appendix 1).

History: In recent years, Glacier Creek (upstream of Nadina Lake) was initially flown because a
large population was observed going up the falls into the lake. The system is very difficult to
assess and has only been opportunistically surveyed in the last 10 to 15 years. The Glacier
Creek population does not appear to be genetically distinct from the current Nadina River and
channel populations. Historically, Glacier Creek Sockeye had similar timing and behaviour to the
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later timed (second run) components that spawn in Nadina River (see proceeding paragraph). In
most years, Sockeye cannot enter Glacier Creek due to the channel diversion fence or by low
water levels.

Historically, Nadina River had both earlier and later timed Sockeye populations (both were Early
Summer Run timed). The first run would migrate upstream into Nadina Lake and then, to
spawn, would drop back downstream (below the current channel location). A later run timing
group (second run) would spawn in the current spawning channel location and is similar in
behaviour and timing to the Glacier Creek population described in the previous paragraph. The
Nadina Sockeye spawning channel was build in 1973 and is located south of the city of
Houston, next to the Nadina River at the outlet of Nadina Lake. The channel was built to
augment Nadina Sockeye and increase utilization of the Francois Lake rearing area by
juveniles. After channel construction, the earlier timed (first run) Sockeye could generally no
longer move up into Nadina Lake to hold prior to spawning; note the channel diversion fence
isn't 100% fish tight and some fish can move upstream past it, depending on fish humbers and
environmental conditions. Instead, if these fish were diverted into the channel, they generally
remained in the channel due to the blockage of the bottom of the channel by a diversion weir.
The first run Nadina Sockeye, however, tended to continue their behaviour of dropping back
downstream to spawn, although those diverted into the channel could only drop back as far as
the lower reaches of the spawning channel, rather than their original spawning locations below
the spawning channel. All Sockeye (both earlier and later timed runs) not diverted into the
spawning channel, spawn below the channel. The behaviour of the first run Nadina population is
relatively unique to Fraser Sockeye, as most fish that arrive first in a system generally spawn in
the upper rather than lower reaches. Given the changes in behaviour and inter-spawning that
now likely occurs between the first and second run Nadina River populations after channel
construction, due to spatial overlap of their spawning locations, these original populations are
possibly lost and replaced by a new single population (now called the Nadina-Francois-ES CU).
These original populations (prior to dam construction in 1973) have been placed in the
validation required category of the current CU list and titled Francois (First Run)-ES and
Francois (Second Run)-ES, found in proceeding sections. Although these CUs may individually
have been extirpated, there is some evidence that the original first run behaviour (arriving early
and dropping back downstream to spawn), may occur in the current population structure.
Research will be conducted in upcoming years to open the top of the channel during early
migration to see if these Sockeye will revert to their past behaviours of migrating up to Nadina
Lake.

The Nadina Channel Sockeye have experienced several years of elevated pre-spawn mortality
associated with Ichthyophthirius multifiliis, particularly in 1978, 1987 and 1995. Although this
pathogen typically does not cause disease in Sockeye Salmon, “ich” or “white spot disease” can
occur if numbers of this pathogen are high due to conditions such as warm water, reduced flows
and adult crowding.

Escapement Time Series: Three sites are included in the escapement time series: Early Nadina
River, Late Nadina River, and Nadina Channel (Appendix 1). The time series for this CU
includes only years after channel construction (post-1973), given that the population structure
changed both before and after this date. Despite the changes to the behaviors and spawning
locations of the first and second run Nadina Sockeye after spawning channel construction,
Sockeye escapements were recorded in both the early and late Nadina River sites and,
therefore, both sites were included in the escapement time series. No gap filling was required
for these three sites (Appendix 2). Tagetochlain Creek was excluded from the time series
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because it was inconsistently assessed in the 1950's & early 1960’s. Glacier Creek was also
excluded since it was only assessed (inconsistently) in the past 10 to 15 years.

Productivity: Similar to other Early Summer Run and Early Stuart CUs, Nadina-Francois-ES has
exhibited systematic declines in productivity (Kalman filter Ricker a parameter values) since the
mid-1960 brood years (Appendix 3, Nadina-Francois-ES, Figure 1 c). Productivity (R/S) has
been particularly low recently, from the 1997 to 2005 brood years, with six of these years close
to or below replacement (Appendix 3, Nadina-Francois-ES, Figure 1 d). Similar to other CUs
with freshwater survival data, Nadina-Francois-ES early freshwater survival (fry/EFS) decreased
consistently from the start of the time series in 1973 to the mid-1990’s, and has subsequently
increased (Appendix 3, Nadina-Francois-ES, Figure 1 e). Post-fry survival (recruits/fry), that
includes a period of freshwater survival and marine survival, increased in the 1990’s and has
subsequently decreased (Appendix 3, Nadina-Francois-ES, Figure 1 f).

Abundance: The stock-recruitment time series for Nadina-Francois-ES was truncated to include
only years after the construction of the spawning channel (brood years 1973-2004). This
ensures consistency in the production time series and spawning area. For Ricker model
benchmark estimates (recommended model by Holt et al. 2009), a uniformly distributed prior
(range: 0 to 1,000,000) was used to estimate the Ricker ‘b’ parameter (Table 4; Appendix 3,
Nadina-Francois-ES, Figure 2 d). Using the standard Ricker model and the full time series
(brood years 1973-2004), lower benchmarks ranged from 8,000 to 59,000 at the 10% to 90%
probability level (p-level) and upper benchmarks ranged from 35,000 to 158,000 (Table 4;
Appendix 3, Nadina-Francois-ES, Figure 2 e). Statuses were assessed by comparing both the
arithmetic (9,400) and the geometric (7,000) mean abundance of the last generation to these
benchmarks. The resulting statuses were Red, except at the 10% probability level, where status
was Amber when assessed using the arithmetic mean (Table 4). Statuses were similar using
both calculations of recent abundance, as geometric and arithmetic recent generation means
were similar (only a 26% difference between arithmetic versus geometric means).

Given that Nadina-Francois-ES has exhibited systematic declines in productivity, model forms
that specifically consider this recent lower productivity in benchmark estimation produced higher
(more biologically conservative) lower benchmarks. The recursive-Bayesian Ricker benchmarks
are not recommended for this CU, as they produce S« estimates that are unrealistically high
relative to other models. The smoothed-Ricker model produced the highest (most biologically
conservative) lower benchmarks, followed by the most truncated (brood years 1990-2004)
Ricker model. Upper benchmarks were lower for these models, compared to the full time series
standard Ricker model. Statuses for these model forms that consider recent productivity were
Red, with the exception of the truncated (brood years 1990-2004) Ricker model, which was
Amber at the 10% p-level (Table 4).

Trends in Abundance: Nadina-Francois-ES has exhibited relatively consistent escapement
throughout the time series (average EFS: 9,100), often oscillating between higher abundances
on odd years (average EFS: 11,000) and lower abundances on even years (average EFS:
8,000) (Appendix 3, Nadina-Francois-ES, Figure 1 a). This CU has declined in abundance from
a period of above average EFS, which occurred three generations prior to the end of the time
series (22,600), to the current generation arithmetic average EFS (4,900) (Table 5; Appendix 3,
Nadina-Francois-ES, Figure 1 b). Throughout the time series, spawner success has remained
high (~93%) in the river and channel (90%), with the exception of 2008 when the channel had
only 1% spawner success (Appendix 3, Nadina-Francois-ES, Figure 1 b).
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The ratio of the recent generation geometric mean to the long-term geometric mean for Nadina-
Francois-ES EFS (ratio: 0.96) is greater than the upper benchmark for this metric (ratio: 0.75)
(Green status) (Table 5; Appendix 2, Nadina-Francois-ES, Figure 2 c). In recent years (last
three generations), Nadina-Francois-ES EFS has decreased following a period of above
average EFS (see previous paragraph). The slope of this recent trend (-37% change in
abundance) is steeper than the lower benchmark for this metric (-25% change in
abundance)(Red status), and there is a 69% probability that this recent trend is below the lower
benchmark (Table 5; Appendix 3, Nadina-Francois-ES, Figures 2 a & b).

Nahatlatch-ES

Sites: The populations that rear in Nahatlatch Lake include Nahatlatch River and a Nahatlatch
Lake spawning population; the River makes up 80% of the total on average (Appendix 1).

History: Nahatlatch-ES is relatively remote, and is located in a protected BC park. No known
transplants or major human activities have occurred in this system.

Escapement Time Series: Two sites were included in the escapement time series: Nahatlatch
Lake and Nahatlatch River (Appendix 1). The river assessments began in 1975 using visual
surveys (peak live cumulative dead methods). Consistent lake assessments began in 1980,
using standard visual survey (lake expansion) methods; there are a few years of sporadic data
prior to 1980, but assessments are less reliable and did not use systematic methods. The
Nahatlatch Lake estimates were gap filled for the years 1975, 1976, and 1978 using the Mean
Proportion Method (gap filled values were calculated using the proportional contribution of the
lake to the system using only years with assessments for both lake and river sites) (Appendices
2 & 5). In 1979 the lake estimate is included in the river abundance estimate and, therefore, gap
filling for this year was not required.

Productivity: Productivity and survival could not be estimated for this CU as there are no
associated recruitment data available for this CU.

Abundance: Abundance benchmarks could not be estimated for this CU as there are no
associated recruitment data or spawning capacity data available for this CU.

Trends in Abundance: Abundance was lowest in Nahatlatch-ES at the start of the time series
(1975-1985 average EFS: 900), highest in the middle of the time series (1986-2002 average
EFS: 3,500), and has dropped again in recent years (2003-2009 average EFS: 1,100)
(Appendix 3, Nahatlatch-ES, Figure 1 a). Nahatlatch-ES has not exhibited cyclic dominance
within the time series. During the beginning (1975 to 1985) and end (1995 to 2009) of the time
series for the Nahatlatch River site, spawner success was slightly lower and more variable
(average: 94%; range: 78% to 100%) compared to the middle (1986 to 1994) component of the
time series (average: 99%; range: 98% to 100%) (Appendix 3, Nahatlach-ES, Figure 1 a). The
Nahatlatch Lake site shows similar trends in spawner success, but they are not used for
comparison purposes due to the lower quality of data from this site.

The ratio of the recent generation geometric mean to the long-term geometric mean for Harrison
River (River-Type) EFS (ratio: 0.55) is only slightly greater than the lower benchmark for this
metric, and falls between the lower (ratio: 0.5) and upper (0.75) benchmarks (Amber status)
(Table 5; Appendix 2, Nahatlach-ES, Figure 2 c). In recent years (last three generations),
Nahatlach-ES EFS has decreased following a period of average EFS (see previous paragraph)
and this negative slope (-81%) is below the lower benchmark for this metric (-25% change in
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abundance)(Red status). There is a 100% probability that this recent trend is below the lower
benchmark (Table 5; Appendix 3, Nahatlach-ES, Figures 2 a & b).

North Barriere-ES (de novo)

Sites: The populations that rear in North Barriere-ES include Fennell and Harper Creeks
(Appendix 1). These original populations were extirpated by the construction of a downstream
dam that blocked upstream adult Sockeye migration. As a result, the original population has
been identified as extirpated and is documented in the proceeding CU section (North Barriere-
ES (extirpated)). After the dam removal, the current CU originates from hatchery transplantation
into this system. Given its hatchery origin, these populations do not represent a true CU by the
WSP definition and, therefore, will be referred to as a ‘CU’ in quotes to distinguish it from all
other Fraser Sockeye WSP CUs. Although the spawning sites in this ‘CU’ are relatively close in
proximity to populations in the Kamloops-ES CU, they are not included in the Kamloops-ES CU
since they rear in different lakes (North Barriere versus Kamloops Lake). See preceding

Kamloops-ES section.

History: A dam on the Barriere River downstream of Fennell Creek obstructed Sockeye
migration into this system until 1952, when it was decommissioned (Roos 1991). The original
Sockeye populations that spawned upstream of the dam in Fennell and Harper Creeks were,
therefore, extirpated (see proceeding section: North Barriere-ES (extirpated)). From the 1950’s
to 1960’s, Sockeye were transplanted into the Barriere River and Fennell Creek from the Raft
River (Aro 1979). Transplants to Fennell Creek were likely successful (without loss of genetic
diversity), based on the genetic similarities between Fennell and its donor population (Raft)
(Withler et al. 2000; Beacham et al. 2004). There is also some evidence of straying from nearby
populations into Fennell Creek (Withler et al. 2000). Since these populations are now different
from the original populations, and given that these populations rear as juveniles in North
Barriere Lake, this is titled the de novo (new) North Barriere-ES de novo ‘CU’.

Escapement Time Series: Only Fennell Creek was included in the escapement time series and
no gap filling was required for this site (Appendices 1 & 2). Fennell Creek was consistently
assessed starting in 1962 using peak live cumulative dead visual survey methods. Harper Creek
was excluded, as escapements were only estimated post-1994.

Productivity: Similar to other Early Summer Run and Early Stuart CUs, North Barriere-ES (de
novo) ‘CU’ has exhibited systematic declines in productivity (Kalman filter Ricker ‘a’ parameter
values) since the 1970 brood years (Appendix 3, North Barriere-ES (de novo), Figure 1 c).
Productivity (R/S) has been below replacement for five years in the time series; not exclusive to
recent years only (Appendix 3, North Barriere-ES (de novo), Figure 1 d). There are no
freshwater or marine survival data available for this ‘CU".

Abundance: The stock-recruitment time series for the North Barriere-ES (de novo) ‘CU’ includes
the years 1967-2004. The time series begins later than most to account for the removal of the
Barriere dam in 1967 below Fennell Creek, and to ensure consistency in the spawning area
throughout the time series. For Ricker model benchmark estimates (recommended model by
Holt et al. 2009), a uniformly distributed prior (range: 0 to 50,000) was used to estimate the
Ricker ‘b’ parameter (Table 4; Appendix 3, North Barriere-ES (de novo), Figure 2 d). Using the
standard Ricker model and the full time series (brood years 1967-2004), lower benchmarks
ranged from 310 to 820 at the 10% to 90% p-levels, and upper benchmarks ranged from 4,100
to 6,200 (Table 4; Appendix 3, North Barriere-ES (de novo), Figure 2 e). Statuses were
assessed by comparing both the arithmetic (5,900) and the geometric (2,800) mean abundance
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of the last generation to the benchmarks. The resulting statuses were Amber across all
probability levels (Table 4). Statuses were identical using these two calculations of recent
abundance, as the range between the lower and upper benchmarks were relatively large.

Given that the North Barriere-ES (de novo) ‘CU’ has exhibited systematic declines in
productivity, model forms that specifically consider recent productivity in benchmark estimation
produced higher (more biologically conservative) lower benchmarks. The recursive-Bayesian
and smoothed Ricker models were not used to estimate benchmarks, as the removal of Fennell
Creek from the escapement time series for the Kamlooops-ES CU occurred just prior to paper
submission, and these additional analyses could not be conducted. The most truncated (brood
years 1990-2004) Ricker model produced similar lower and upper benchmarks to the full time
series (brood years 1967-2004) Ricker model, and statuses were also similarly Amber across all
p-levels and both estimates of recent mean abundance (arithmetic versus geometric).

Trends in Abundance: Abundances were lowest in the North Barriere-ES (de novo) ‘CU’ at the
start of the time series (1967-1975 average EFS: 2,100), as the Fennell Creek Sockeye
population was only beginning to build from hatchery transplants after the dam removal in 1952.
This ‘CU’ increased in abundance to a maximum in the 1990’s (1900-2000 average: 6,500), and
subsequently decreased (Appendix 3, North Barriere-ES (de novo), Figure 1 a). North Barriere-
ES (de novo) has not exhibited cyclic dominance throughout the time series. Spawner success
was relatively high and stable throughout the time series and was, on average, 89%, with the
exception of 2008 (Fennell: 20%) (Appendix 3, North Barriere-ES (de novo), Figure 1 a).

The ratio of the recent generation geometric mean to the long-term geometric mean for North
Barriere River-ES (de novo) EFS (ratio: 1.58) is greater than the upper benchmark for this
metric (0.75) (Green status) (Table 5; Appendix 2, North Barriere-ES (de novo), Figure 2 c). In
recent years (last three generations), North Barriere-ES (de novo) EFS has decreased following
a period of above average EFS (see previous paragraph), and this negative slope (-65%) is
below the lower benchmark for this metric (-25% change in abundance)(Red status). There is a
100% probability that this recent trend is below the lower benchmark (Table 5; Appendix 3,
North Barriere-ES (de novo), Figures 2 a & b).

Pitt-ES
Sites: The only site for Pitt-ES Sockeye is the Pitt River (Appendix 1).

History: The upper Pitt River is a glacially fed system originating near Isosceles Peak at an
elevation of 1710 m. The river flows in a braided shifting channel across a wide, flat-bottomed
valley, confined by steep mountains, and is characterized by rapids, riffles and deep pools. The
river flows into Pitt Lake, which is the largest (length: 52 m) freshwater tidal lake in North
America. Sockeye distribution in the upper Pitt River extends from the mouth of the river at Pitt
Lake, to an area of impassable rapids 40 km upstream. Forestry is quite active in the watershed
(10% of it has been logged) (Fisheries and Oceans Canada 1999).

The Pitt-ES system is extremely flashy, which can create major changes in the river channel.
For example, North Boyse Creek was historically a high quality spawning location for Sockeye,
until a flood event in the early 1980’s changed the course of the Pitt mainstem, cutting off half of
this creek from Sockeye Spawning, and flushing out most of the good spawning gravel from the
remainder of this Creek (K. Peters, DFO, pers. comm.). The flashy nature of this system also
creates considerable scouring action when flooding occurs. As a result, in years when high
water events coincide with egg incubation, substantial egg losses can affect Sockeye
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production. To mitigate the effects of flooding, and associated production impacts, this CU is
hatchery enhanced.

Escapement Time Series: The Pitt River site is the only site for this CU and no gap filling was
required (Appendices 1 & 2). This site was assessed using mark recapture methods. The
escapement time series includes Sockeye removed for hatchery enhancement.

Productivity: In contrast to other Early Summer Run and Early Stuart CUs, Pitt-ES has exhibited
variable productivity (Kalman filter Ricker a parameter values), with high productivity between
the 1960 to 1970 brood years, low productivity between the 1975 to 1990 brood years, high
productivity again from the 1990 to 1995 brood years, and a subsequent decline (Appendix 3,
Pitt-ES, Figure 1 c). Productivity (R/S) has been particularly low recently, from the 2000 to 2005
brood years, with productivity in all of these years falling below replacement (Appendix 3, Pitt-
ES, Figure 1 d). There are no freshwater or marine survival data available for this CU.

Abundance: The full stock-recruitment time series for Pitt-ES includes the brood years 1950-
2005. The Pitt escapement and recruitment time series includes fish removed for Pitt River
hatchery enhancement. For Ricker model benchmark estimates (recommended model by Holt
et al. 2009), a uniformly distributed prior (range: 0 to 1,500,000) was used to estimate the Ricker
‘b’ parameter (Table 4; Appendix 3, Pitt-ES, Figure 2 d). Using the standard Ricker model and
the full time series (brood years 1950-2004), lower benchmarks ranged from 4,000 to 9,000 at
the 10% to 90% p-level, and upper benchmarks ranged from 18,000 to 26,000 (Table 4;
Appendix 3, Pitt-ES, Figure 2 e). Statuses were assessed by comparing both the arithmetic
(32,200) and the geometric (29,300) mean abundance of the last generation to the benchmarks.
The resulting statuses were Green across all probability levels (Table 4). Statuses were similar
using these two calculations of recent abundance, as geometric and arithmetic recent
generation means were similar (only a 9% difference between arithmetic versus geometric
means).

Given that Pitt-ES has exhibited systematic declines in productivity, model forms that
specifically consider this recent lower productivity in benchmark estimation produced higher
(more biologically conservative) lower benchmarks. The recursive-Bayesian Ricker model
produced the highest (most biologically conservative) lower benchmarks, followed by the
smoothed Ricker and truncated (brood years 1990-2004 & 1970-2004) Ricker models. Upper
benchmarks for these models were similar to the standard full time series standard Ricker
model, though the recursive-Bayesian Ricker benchmarks were slightly higher. Statuses for
these model forms that consider recent productivity were Green for all models and probability
levels, with the exception of the recursive-Bayesian Ricker model. The recursive-Bayesian
Ricker model statuses shifted from Green to Amber at the 90% probability level for the
arithmetic mean and the 75% p-level for the geometric mean.

Trends in Abundance: From 1950 to 1995, the Pitt-ES Sockeye escapement was relatively low
(average EFS: 8,600) (Appendix 3, Pitt-ES, Figure 1 b). After 1995, escapement increased to an
average of 28,000 EFS. This CU has not exhibited cyclic dominance. Spawner success has
been consistently high for this CU throughout the time series (average: 96%), with the exception
of 2008 (71% spawner success) (Appendix 3, Pitt-ES, Figure 1 b).

The ratio of the recent generation geometric mean to the long-term geometric mean for Pitt-ES
EFS (ratio: 2.17) is over double the upper benchmark for this metric (ratio: 0.75) (Green status)
(Table 5; Appendix 2, Pitt-ES, Figure 2 c). In recent years (last three generations), Pitt-ES EFS
has remained relatively stable. The slope of this recent trend (0% change in abundance) is
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above the lower benchmark for this metric (-25% change in abundance)(Green status), and
there is a 27% probability that this recent trend is below the lower benchmark (Table 5;
Appendix 3, Pitt-ES, Figures 2 a & b).

Quesnel-S

Sites: (Creeks) Abbott Creek, Amos Creek, Archie Creek, Bill Miner Creek, Blue Lead Creek,
Bouldery Creek, Buckingham Creek, Cameron Creek, Clearbrook Creek, Devoe Creek, East
Arm - unnamed creek 1, Franks Creek, Goose Creek, Grain Creek, Hazeltine Creek, Horsefly
Channel, Horsefly River, Horsefly River - Above Falls, Horsefly River — Lower, Horsefly River —
Upper, Isaiah Creek, Junction Creek, Killdog Creek, Limestone Creek, Little Horsefly River,
Long Creek, Lynx Creek, Marten Creek, McKinley Creek, McKinley Creek — Lower, McKinley
Creek — Upper, Mitchell River, Moffat Creek, Niagara Creek, Penfold Creek, Raft Creek,
Roaring River, Rock Slide, Service Creek, Spusks Creek, Sue Creek, Summit Creek, Taku
Creek, Tasse Creek, Tisdall Creek, Trickle Creek, Wasko Creek, Watt Creek, Whiffle Creek,
Winkley Creek. (Lake) Bear Beach — Shore, Baxter Beach, Betty Frank's — Shore, Big Slide —
Shore, Big Slide, 1 km, West — shore, Bill Miner Cr. — Shore, Bill Miner Cr. - Shore 3 km west,
Blue Lead Cr. — Shore, Bouldery Cr. — Shore, Bouldery Cr. - Shore 2 km east, Bowling Point,
Deception Point, Devoe Creek — Shore, Double T — Shore, East Arm - Rock Slide to Peninsula
Pt. Shore, East Arm - unnamed creek 2 — shore, East Arm - unnamed point, Elysia — Shore,
Elysia shore - 1 km west, Franks Creek — shore, Goose Point — Shore, Goose Pt., .8 km south —
shore, Goose Pt., 5 km south — shore, Grain Cr. — Shore, Horsefly Lake, Hurricane Point,
Junction Shore, Killdog Creek — Shore, Lester Shore, Limestone Point — Shore, Limestone Pt, .5
km south — shore, Logger Landing, Long Cr. — Shore, Lynx Cr. — Shore, Marten Cr. — Shore,
North Arm — shore (Bowling to Goose Pt.; Roaring to Deception Pt.; unnamed cove), Opa
Beach, Penfold Camp Shore, Quartz Point, Quesnel Lake, Roaring Point, Roaring R. — Shore,
Slate Bay, Slate Bay, 1 km east, Tasse Creek — shore, Wasko Creek — shore, Watt Cr. — Shore
(Appendix 1).

History: Historically, Quesnel runs were likely in excess of 10,000,000 Sockeye on the dominant
cycle years in the 1800’s; escapement in 1909 was 4,000,000 (Babcock 1904). The Quesnel
populations were likely the largest amongst the all Summer Run timed populations until they
started to decline in the late 1800's (Roos 1991). Several key factors contributed to low
abundances in the Horsefly system early in the time series (prior to 1980), including dam
construction at the outlet of Quesnel Lake, placer mining, the Hells Gate landslide (1913), and
droughts. Dams were constructed to hold back high water freshets for mining operations,
allowing no fish to migrate past the dam into Quesnel Lake or the Horsefly River from 1898 to
1903. A fishway was in operation starting in 1905 until 1921, when the dam was removed (Roos
1991). Gold placer mining occurred in the south fork of Quesnel Lake and the Horsefly River
from 1871 to 1945, and tailings from these operations were dumped into the river, covering
significant areas of spawning gravel, which fish subsequently avoided during spawning. During
this period of damming and mining, there was a coincidental sharp decline in the Sockeye
population (Roos 1991). The 1913 Hells Gate landslide presented a further barrier to migration,
particularly for later timed Quesnel Sockeye. The Quesnel Sockeye were more highly affected
by the landslide than other populations because they have smaller energy reserves, and
because of their spawn timing. Horsefly Sockeye spawn shortly after arriving at their spawning
grounds, whereas other populations have later spawning timing (Roos 1991). Throughout the
time series, droughts that de-water smaller streams, and Beaver dams that present a barrier to
fish migration, have both impacted the available spawning habitat in the Quesnel system. As a
result, there were very few Sockeye spawners in this system from the 1930’s to 1940's.
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After barriers to fish migrations were eliminated, Horsefly River populations experienced strong
re-building on the 1953 and 1957 cycle lines though the early to mid-1960’s. Quesnel
abundance started to increase notably in the 1980’s, particularly on the dominant and sub-
dominant cycles, reaching a peak abundance between 1992 and 2001. Increased abundance
has been attributed to natural expansion and the re-invasion of remnant stocks, despite
transplants (Withler et al. 2000) of eggs from various systems (Stellako, Bowron, Stellako,
Adams, Seymour to Horsefly) to the Horsefly from the 1920’s to the 1970’s (Aro 1979).

A Sockeye spawning channel exists beside the Horsefly River. The channel provides an
available spawning area of 15,200 m? and has a capacity of 12,200 females (Roberta Cook,
Ocean Habitat Enhancement Branch, DFO). The initial objectives of installing the channel were
to rebuild the Horsefly River Sockeye population to historic levels in the subdominant and off-
years, and to supplement the dominant cycle to test Quesnel Lake’s juvenile carrying capacity
during “Cyclic Dominance” studies. The facility is currently operated in subdominant and off-
years to rebuild the Horsefly population and increase fishing opportunities. Operation on
dominant cycle years is limited (occurred on the 1989, 1993 and 2009 dominant cycle years),
since returns from natural spawning areas were sufficient to test Quesnel Lake’s carrying
capacity; the channel component is small relative to the natural Horsefly population.

Historically (1950's to 1970’s), there has also been high pre-spawn mortality in Horsefly
Sockeye, due to their earlier timing, which causes them to migrate through warmer Lower
Fraser River conditions and experience higher spawning ground water temperatures. A
particularly large mortality event occurred on the Horsefly in 1961, and can be attributed to a
Chondrococcus columnaris outbreak, caused by warmer waters. In 1966, cold water was
siphoned from McKinley Lake to cool McKinley Creek and control this disease, although a
virulent bacterial gill disease still caused high pre-span mortality in 1969 (Roos 1991).

Escapement Time Series: The following sites were included in the escapement time series: the
Cameron Creek, the Horsefly Channel, The Horsefly River, Horsefly River-Above Falls, Horsefly
River-Lower, Horsefly-River-Upper, Little Horsefly River, McKinley Creek, McKinley Creek-
Lower, McKinley Creek-Upper, Mitchell River and Penfold Creek sites (Appendix 1). The large
number of Quesnel Lake sites (assessed using peak live cumulative dead visual surveys) were
not included in the escapement time series since they represented less than 1% of the total
escapement in this system post-1990 (0% pre-1990). Early in the time series, Quesnel Lake
surveys were conducted and very few to no spawners were observed in the lake; abundance
only starts to increase in the mid-1990's.

The Mitchell was consistently assessed throughout the time series using peak live cumulative
dead visual methods, and starting in 1989 was assessed on the dominant and subdominant
cycles with mark recapture methods. In 2009, the Mitchell was assessed using DIDSON
methods. Two other sites included in the Mitchell time series include Cameron and Penfold
Creeks, which were rolled up into the Mitchell estimate in the early time series, and broken out
into their individual sites in later years. The Horsefly River, Horsefly River-Above Falls, Horsefly
River-Lower, and Horsefly River-Upper were consistently assessed using peak live cumulative
dead visual methods, and, in recent years (post-1980), were largely assessed with mark
recapture methods. Throughout the time series, the escapement records were either rolled up
into a total Horsefly River-Upper (1950-1967) or into the Horsefly River site (1993-2009), or
broken down into the individual enumeration sites (1968-1992). The McKinley Creek was also
consistently assessed and either rolled up into McKinley Creek (1950-1969) or broken down
into the individual enumeration sites (1969-2009). In addition, there are years when McKinley
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estimates were rolled up into the Horsefly sites (1964, 1965 and 1981). All sites were assessed
largely using peak live cumulative dead visual methods. Enumeration fences were used on the
Lower McKinley and McKinley sites in recent years (sporadically post-1989). Little Horsefly
River was also consistently assessed using peak live cumulative dead visual survey methods.
Major gaps for all these sites occurred in 1992 (weak cycle) and 2006 (dominant cycle) for
Mitchell River, and 2002 (subdominant cycle) for all other sites except Cameron Creek. Gaps
were filled based on relationships between all these sites using either the two weak cycles, the
dominant cycle or subdominant cycle years from 1980 to 2009, given gaps occurred during
these later years when Quesnel-S abundance was significantly higher than in the early time
series (Mean Proportion Method - Cyclic) (Appendices 2 & 5).

Productivity: Similar to other Summer Run CUs, the Quesnel-S has exhibited systematic
declines in productivity (Kalman filter Ricker a parameter values) since the 1990 brood year
(Appendix 3, Quesnel-S, Figure 1 c). Productivity (R/S) has been particularly low recently (1999
to 2005 brood years), with most of these years close to or below replacement (Appendix 3,
Quesnel-S, Figure 1 d). Similar to other CUs with freshwater survival data, Quesnel-S early
freshwater survival (fall fry/EFS) decreased from the 1970 brood years, and has subsequently
increased slightly (Appendix 3, Quesnel-S, Figure 1 e). Post-fry survival (recruits/fall fry), that
includes a period of freshwater survival and marine survival, increased in the 1990’s and
subsequently decreased (Appendix 3, Quesnel-S, Figure 1 f).

Abundance: The full stock-recruitment time series available for Quesnel-S includes the brood
years 1950-2004. For Ricker model benchmark estimates (recommended model by Holt et al.
2009), a lognormally distributed prior (mean of 1,000,000 and sigma of 12,000), based on
calculations of lake rearing capacity, was used to estimate the Ricker ‘b’ parameter (Table 4;
Appendix 3, Lillooet-Harrison-L, Figure 2 d) (Table 4; Appendix 3, Quesnel-S, Figure 2 d). Using
the standard Ricker model and the full time series (brood years 1950-2004), lower benchmarks
ranged from 84,000 to 168,000 at the 10% to 90% p-levels, and upper benchmarks ranged from
600,000 to 805,000 (Table 4; Appendix 3, Quesnel-S, Figure 2 e). Statuses were assessed by
comparing both the arithmetic (95,800) and the geometric (51,500) mean abundance of the last
generation to the benchmarks. The resulting statuses were Red across almost all probability
levels, with the exception of the 10% probability level for the arithmetic mean, which was Amber
(Table 4).

Given that the Quesnel-S aggregate has exhibited systematic declines in productivity, model
forms that specifically consider this recent lower productivity in benchmark estimation produced
higher (more biologically conservative) lower benchmarks. The recursive-Bayesian Ricker
model, followed by the smoothed-Ricker and the most truncated time series (brood years 1990-
2004) Ricker models produced the highest lower benchmarks. Upper benchmarks were lower
for all models that specifically consider recent productivity, compared to the full time series
standard Ricker model. Statuses for these model forms that consider recent productivity were
Red across all probability levels, with the exception of the 10% and 25% p-levels for the less
truncated (brood years 1970-2004) Ricker model evaluated with the arithmetic mean, which
produced an Amber status (Table 4).

Trends in Abundance: From 1950 to 1980, the Quesnel-S escapement was relatively small
(average EFS: 23,000) (Appendix 3, Quesnel-S, Figure 1 b). Escapement increased from the
1980’'s to 2001 (average EFS: 430,000) and was patrticularly high three generations prior to the
end of the time series (average EFS: 585,600), and has subsequently declined to the current
generation average EFS (50,700) (Table 5). Average EFS across the entire time series is
188,700 (Table 5). This CU has exhibited cyclic dominance throughout the time series, with one
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dominant cycle (average EFS: 500,000), one subdominant cycle that starting building in the
1980’s (average EFS: 230,000) and two weak cycles (average EFS: 18,500). Spawner success
has been consistently high for this CU throughout the time series, with the exception of 2008
(~60% spawner success) (Appendix 3, Quesnel-S, Figure 1 b).

The ratio of the recent generation geometric mean to the long-term geometric mean for
Quesnel-S EFS (ratio: 7.7) is well above the upper benchmark for this metric (ratio: 0.75)
(Green status) (Table 5; Appendix 2, Quesnel-S, Figure 2 c¢). In recent years (last three
generations), Quesnel-S EFS has decreased following a period of above average EFS (see
previous paragraph). The slope of this recent trend (-87% change in abundance) is steeper than
the lower benchmark for this metric (-25% change in abundance)(Red status), and there is a
99% probability that this recent trend is below the lower benchmark (Table 5; Appendix 3,
Quesnel-S, Figures 2 a & b).

Seton-L (de novo)

Sites: The major Late Run population that rears in Seton-L is Portage Creek (Appendix 1).
Some proportion of the Early Summer timed Gates Creek and channel fish also rear in Seton
Lake (Geen and Andrew 1961). Since this is a new CU originating from hatchery transplants, it
technically is not a CU due to its hatchery origin.

History: The status of the newly established population that originates from hatchery
transplantation, will be evaluated in this ‘CU’ section (Seton-L ‘CU’). Although technically the
Portage Creek Late Run population would not represent a ‘CU’ given its hatchery origins, it is
included here as it has been an established population for several decades and contributes
reasonable production to the Fraser Sockeye Late Run aggregate. In 1903, the first hatchery in
BC began operating on Portage Creek (Babcock 1904) near the present location of the Seton
Dam. At this time, poor husbandry techniques were implicated for the declining abundance of
Portage Sockeye (Geen and Andrew 1961). In 1913, the Hells Gate landslide decimated this
population. In addition, water diverted from the Bridge River into Seton Lake in 1934 decreased
primary productivity in this lake (Roos 1991). The original Portage population is considered
extirpated (see proceeding extirpated section: Seton-S). Early observations of this original
population (from old observer reports), indicate that this population was a Summer Run timed
population, relative to the new hatchery origin (de novo) population that is Late Run timed.

In the first half of the century, various transplants were attempted in Portage Creek from multiple
Fraser systems, such as Birkenhead and the Lower Adams River (Aro 1979). Genetically, the
current Seton-L population is similar to the Lower Adams River, indicating that transplants from
this area were most successful (Withler et al. 2000). Despite the proximity of Seton-L to
Anderson-Seton-ES Sockeye during spawning, and the overlap in their rearing lakes, Seton-L is
relatively genetically unique. There is also no evidence of genetic bottlenecks for Seton-L
despite its genetic variability being less than the donor population (Withler et al. 2000).

A hydro facility on this system has been operational since 1956 (Roos 1991). This facility is
comprised of the Seton Dam, located below the outlet of Seton Lake, and the Cayoosh Dam on
Cayoosh Creek. Water is diverted by canal from Seton Lake to a powerhouse on the Fraser
River, where it is released through a tailrace located 500 m downstream of the outlet of Seton
River. Since the Seton Dam presents a barrier to Sockeye migration, a fishway was constructed
in concert with dam construction (Roos 1991). It has been suggested that both the tailrace and
fishway may slow or impede Sockeye migration and cause physiological stress to the
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fish(Roscoe and Hinch 2008). Due to the downstream tailrace location, migrating adult Sockeye
have been shown to stop at the outlet of the tailrace, where that are either attracted to the
home-stream water or they use it as a ‘cold-water’ refuge. Fish may either be directly injured in
the tailrace (Fretwell 1980) or indirectly suffer pre-spawn mortality due to the delay in migration
from stalling at the tailrace. Success of fish departing the tailrace, entering the Seton River, and
reaching the dam depends on Seton water quality, whereby higher Cayoosh Creek dilution
results in higher migration failure (10-30% migration failure during IPFSC studies). Once fish
enter the Seton River they must travel five kilometres upriver, ascend the Seton Dam fishway,
and then migrate through Seton Lake and Anderson Lake (~50km) to the spawning grounds.
One study indicated that locating the fishway entrance presents a challenge to migrating
Sockeye (during experimental downstream transplants 25% of these Sockeye could not re-
locate the fishway entrance) (Roscoe and Hinch 2008). Further impacts of the hydro facility
include mortality (~10%) of downstream migrating smolts as they move through the dam
turbines. This issue has yet to be resolved (Roos 1991).

Escapement Time Series: Only Portage Creek was included in the escapement time series and
no gap filling was required (Appendices 1 & 2). This system was assessed using visual survey
methods (peak live-cumulative dead) throughout the time series. Data prior to 1954 is quite
sporadic, therefore, only the time series from 1965 to present (after hatchery transplants from
the lower Adams River became established in the Seton system) was used in the assessment
of status. This time series reflects this newly established population post-hatchery intervention.

Productivity: Similar to Early Summer Run and Early Stuart CUs, Seton-L has exhibited
persistent decreases in productivity since the 1970 brood year (based on Kalman filter Ricker a
parameter values) (Appendix 3, Seton-L, Figure 1 c¢). Productivity (R/S) has been particularly
low recently (1999 to 2005 brood years), with three years below or close to replacement
(Appendix 3, Seton-L, Figure 1 d). Freshwater and marine survival data are not available for this
‘CU..

Abundance: The full stock-recruitment time series available for Seton-L includes the brood
years 1965-2004. There are considerable gaps in the early time series, and this system was
only consistently assessed starting in 1965. For Ricker model benchmark estimates
(recommended model by Holt et al. 2009), a uniformly distributed prior (range: 0 to 300,000)
was used to estimate the Ricker ‘b’ parameter (Table 4; Appendix 3, Seton-L, Figure 2 d). Using
the standard Ricker model and the full time series (brood years 1967-2004), lower benchmarks
ranged from 500 to 2,000 at the 10% to 90% p-levels, and upper benchmarks ranged from
6,000 to 12,000 (Table 4; Appendix 3, Seton-L, Figure 2 e). Statuses were assessed by
comparing both the arithmetic (5,300) and the geometric (1,400) mean abundance of the last
generation to the benchmarks. The resulting statuses were Amber across almost all probability
levels, with the exception of the 90% probability level for the geometric mean, which was Red
(Table 4).

Given that Seton-L has exhibited systematic declines in productivity, model forms that
specifically consider this recent lower productivity in benchmark estimation produced higher
(more biologically conservative) lower benchmarks, which were similar across these models.
Upper benchmarks were higher for the most truncated (brood years 1990-2004) Ricker model
and lower for all other models that specifically consider recent productivity, when compared to
the full time series standard Ricker model. Statuses using the arithmetic (5,300) mean of recent
abundances, were generally Amber, with the exception of the 90% p-level for the most
truncated (brood years 1990-2004) Ricker model, which was Red in status, and the smoothed
and recursive-Bayesian Ricker models, which were Green at the 10% to 25% p-levels. In
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contrast, statuses using the geometric (1,400) mean abundance were Amber only at the 10% to
25% p-levels and were Red at the 50% to 90% p-levels across models that consider recent
productivity. The large difference between the arithmetic and geometric mean abundances
(79% difference), accounts for the resulting differences in status across p-levels for these
models.

Trends in Abundance: Abundance in Seton-L is relatively stable across the long-term time
series (average EFS: 3,800). In recent years, however, abundance has decreased. Seton-L has
exhibited cyclic dominance with one dominant cycle (average EFS: 7,900), two subdominant
cycles (average EFS: 3,300), and one off cycle (average EFS: 800) (Appendix 3, Seton-L,
Figure 1 a). Spawner success has remained high (~96%) and has not exhibited any persistent
trends (Appendix 3, Seton-L, Figure 1 b).

The ratio of the recent generation geometric mean to the long-term geometric mean for Seton-L
EFS (ratio: 0.91) is above the upper benchmark for this metric (ratio: 0.75) (Green status) (Table
5; Appendix 2, Seton-L, Figure 2 c). In recent years (last three generations), Seton-L EFS has
decreased following a period of average EFS. The slope of this recent trend (-62% change in
abundance) is steeper than the lower benchmark for this metric (-25% change in
abundance)(Red status), and there is a 95% probability that this recent trend is below the lower
benchmark (Table 5; Appendix 3, Seton-L, Figures 2 a & b).

Shuswap-ES

Site: The populations that rear in the Shuswap Lake include the Adams Channel, Adams River,
Anstey River, Burton Creek, Bush Creek, Celista Creek, Craigellachie Creek, Crazy Creek,
Eagle River, Hiuhill (Bear) Creek, Hunakwa Creek, Loftus Creek, McNomee Creek, Middle
Shuswap River, Nikwikwaia (Gold) Creek, Onyx Creek, Pass Creek, Perry River, Ross Creek,
Salmon River, Scotch Creek, Seymour River, and Yard Creek (Appendix 1). Although Upper
Adams and Momich/Cayenne sites were originally included in the Shuswap-ES CU, they have
now been removed. The Adams and Momich/Cayeene Creek sites have been placed in
separate CUs, now considered extirpated (see proceeding sections for descriptions: Adams-ES
(i.e. Upper Adams River) and Momich-ES).

History: Both Early Summer and Late Run timing populations inhabit the rearing lakes of this
CU. Due to these differences in run timing and biology, spawning populations have been
separated into two groups, respectively the Shuswap-ES and Shuswap Complex-L CUs (Holtby
and Ciruna 2007). Within the Shuswap Lake system, no Early Summer timed Scotch Creek
Sockeye historically existed on the dominant Adams River cycle (2010 cycle). In 1962,
1,023,000 eyed eggs from Seymour Creek were transplanted into Scotch Creek, producing a
dominant run that coincided with the dominant Adams Late Run (2010 cycle) (Roos 1991).
Anstey, Eagle and Salmon River populations were large prior to 1913, but disappeared after the
Hells Gate landslide. Anstey was not enhanced by hatcheries; building of this population
appears to have occurred naturally from the first Sockeye observed in this system in 1949
(Roos 1991). In that year, Sockeye were also first observed in the Eagle River (11 fish). This
population was subsequently enhanced by transplants from Seymour in 1958 and 1962, which
likely contributed to increased escapements by 1982. There is generally a delay in the success
of transplants as they adapt to their local environment (Roos 1991). Within this system, hatchery
transplants were also attempted in the Salmon, Tappen, Silver, and Silk-atwa Rivers/Creeks
(1902-1931) from donor populations in Harrison, Birkenhead, Pitt, Sweltzer, and the Adams
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River (Aro 1979). The Salmon River population changed its dominant cycle during the 1922-42
period, and remains that way today (Roos 1991).

Escapement Time Series: Three sites were included in the escapement time series for the
Shuswap Complex-ES CU: Scotch, Seymour and McNomee Creeks (Appendix 1). These sites
were consistently assessed throughout the time series. Seymour and Scotch make up 75% of
the total escapement in this system from 1994-2009, when other creeks/rivers were consistently
assessed. Although the Eagle River and Anstey Creek were consistently assessed, they were
not included in the escapement time series for reasons detailed below. All other sites had small
populations, and were generally only consistently assessed post-1994; therefore a large
number of these systems were excluded from escapement time series.

Seymour was the most consistently assessed site, with no gaps in the time series. Mark
recapture surveys were used on large escapement years and peak live cumulative dead visual
surveys were used on smaller escapement years. The Scotch time series has two missing
values, prior to 1980. Until 1993, Scotch Creek was assessed with peak live cumulative dead
methods (except 1990, which was a mark recapture), and as the abundance started to increase,
enumeration methods switched to a fence (1994 to 2009). Gaps in the Scotch Creek
escapement time series in 1951 and 1959 were filled with zeros (Appendix 2). In these years,
no surveys were conducted, as the expected abundance was negligible, as seen in other off
cycle years (see history of abundance in history section above). McNomee population estimates
were historically rolled into Seymour, so this time series was included with no gap filling
(Appendix 2).

Eagle and Anstey were excluded from the assessment of status. The survey area for Eagle was
expanded in 1990 to include an area where substantial spawning occurred. As a result, the
Eagle escapement increased from an average of 700 total adults prior to 1990 to an average of
4,000 total adults after 1990. Due to this inconsistent methodology, its relatively small
contribution to total escapement (~16%) for sites consistently assessed post-1990 (Scotch,
Seymour, McNomee, Eagle, and Anstey), and its similarities to trends in the Seymour River time
series, Eagle was not included in the assessment of trends in status. Anstey was also excluded
because of significant gaps in the time series prior to 1990 and uncertainty in the estimates,
which were due to challenges in this site’'s assessments. Anstey makes up, on average, only
6% of the total Scotch-Seymour-McNomee escapement, and would not have an impact on the
assessment of trends if included.

Productivity: The productivity time series is relatively short for Shuswap-ES (brood years 1980-
2005). Productivity (Kalman filter Ricker a parameter values) for this CU decreased from the
1980 to 1990 brood year, and has subsequently increased (Appendix 3, Shuswap-ES, Figure 1
c). Productivity (R/S) was particularly low from the mid-1980 to mid-1990 brood years, with four
years below or close to replacement (Appendix 3, Shuswap-ES, Figure 1 d). There are no
freshwater or marine survival data available for this CU.

Abundance: The full stock-recruitment time series available for Shuswap-ES includes the brood
years 1980-2004. Prior to 1980, Scotch Creek was significantly enhanced on the dominant cycle
of the Adams Lake run. Therefore, to ensure consistency in the time series, years prior to 1980
were not used in the stock-recruitment time series. For Ricker model benchmark estimates
(recommended model by Holt et al. 2009), a uniformly distributed prior (range: 0 to 2,000,000)
was used to estimate the Ricker ‘b’ parameter (Table 4; Appendix 3, Shuswap-ES, Figure 2 d).
Using the standard Ricker model and the full time series (brood years 1980-2004), lower
benchmarks ranged from 37,000 to 253,000 at the 10% to 90% p-levels, and upper benchmarks
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ranged from 113,000 to 437,000 (Table 4; Appendix 3, Shuswap-ES, Figure 2 e). Statuses were
assessed by comparing both the arithmetic (64,600) and the geometric (13,500) mean
abundance of the last generation to the benchmarks. The resulting statuses were Red across
almost all probability levels, with the exception of the 10% to 25% p-level for the arithmetic
mean, which was Amber (Table 4).

Despite the fact that Shuswap-ES has exhibited systematic declines in productivity, model forms
that specifically consider this recent lower productivity in benchmark estimation did not produce
higher (more biologically conservative) lower benchmarks. This is possibly attributed to the
shorter time series for this CU, relative to all other CUs. The recursive-Bayesian Ricker model
benchmarks are not recommended for this CU as they produce S estimates that are
unrealistically high relative to other models. The most truncated (brood years 1990-2004) Ricker
model produced similar benchmarks to the full time series (brood years 1980-2004) standard
Ricker model, and the smoothed-Ricker produced smaller lower benchmarks. Upper
benchmarks follow a similar pattern to the lower benchmarks across models. Statuses for these
model forms that consider recent productivity were Red across almost all models and probability
levels, with the exception of the arithmetic mean at the 10% and 25% p-levels for the truncated
(brood years 1990-2004) Ricker model, and the 10% to 50% p-levels for the smoothed Ricker
model, which were Amber (Table 4).

Trends in Abundance: Shuswap-ES abundance was relatively small in the early time series
(1950-1985 average EFS: 11,500). Abundance later increased (1986-2009: 32,600), particularly
on dominant cycle years, in which abundance exceeded 100,000 EFS for three years (1990,
2002 and 2006). In particular, early in the time series (prior to the 1980’s) the Seymour River
dominated the trends, then in later years (post-1980’s) Scotch Creek increased in abundance,
equally contributing to the Shuswap-ES trend. Most Shuswap Lake rearing populations are
dominant on the 2006 cycle. Seymour has consistently exhibited one dominant cycle (2006),
followed by one subdominant cycle (2007) and two weak cycles (2008 & 2009). As mentioned,
Scotch Creek had a different dominant cycle early in the time series (cycle 3: 2009), until
hatchery transplants from Seymour River(1949-1975) (Aro 1979) built up the subdominant
cycle, creating dominance in the same year as Seymour (2006). All other small creeks in the
Shuswap Lake system exhibit similar cyclic dominance to Seymour.

The ratio of the recent generation geometric mean to the long-term geometric mean for
Shuswap-ES EFS (ratio: 0.9) is above the upper benchmark for this metric (ratio: 0.75) (Green
status) (Table 5; Appendix 2, Shuswap-ES Figure 2 c). In recent years (last three generations),
Shuswap-ES EFS has decreased. The slope of this recent trend (-38% change in abundance) is
steeper than the lower benchmark for this metric (-25% change in abundance)(Red status), and
there is a 73% probability that this recent trend is below the lower benchmark (Table 5;
Appendix 3, Shuswap-ES, Figures 2 a & b). This recent trend is attributed to an early period in
the last three generations of decreased cyclicity (occurred from 1993 to 2001); this period
included lower abundances in the Shuswap-ES typical dominant cycle years and higher
abundances in typical weaker cycle years. This period of lower cyclic abundance produces
higher geometric means relative to typical Shuswap-ES high cyclic abundance (one dominant
and three weaker cycles). For highly cyclic time series, geometric means downweight the large
dominant cycles relative to the three weaker cycles. Therefore, although the arithmetic averages
are higher in the last generation compared to the third generation from the end (Table 5), these
changes in cyclicity produced declining trends on log, transformed four year running average
abundance data.
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Shuswap Complex-L

Sites: The Shuswap Lake Complex is comprised of five lakes: Adams Lake, Shuswap Lake,
Little Shuswap Lake, Mara Lake, and Mable Lake. Populations that rear in Adams Lake include
Adams Lake-Shore, Adams Lake-East, Adams Lake-North, Adams Lake-South, Bush Creek-
Shore, Misc. East Side-Shore, Misc. North End-Shore, Misc. South End-shore, Bush Creek,
Momich River, Pass Creek, Pass Creek-Shore, and Upper Adams River. Shuswap Lake is a
large lake that can be divided into the Anstey Arm, Main Arm, Salmon Arm and Seymour Arm.
Populations that rear in Shuswap Lake-Anstey Arm (North-East Arm) include Anstey Arm-
Shore, Anstey River, Four Mile Creek-Shore, Queest Creek-shore, Vanishing Creek, Hunakwa
Creek. Populations that spawn in Shuswap Lake-Main Arm (South-West) include Adams
River, Adams River-Shore, Cruikshank Pt West-Shore, Hlina Creek-Shore, Lee Creek-Shore,
Misc. North Side-Shore, Misc. South Side-Shore, Onyx Creek-Shore, Ross Creek-Shore,
Scotch Creek-Shore, Adams Channel, Adams River, Hiuhill (Bear) Creek, Nikwikwaia (Gold)
Creek, Onyx Creek, Ross Creek, Scotch Creek. Populations that rear in Shuswap Lake-
Salmon Arm (South-East) include Salmon Arm-shore, Knight Creek-Shore, Misc. East Side-
Shore, Misc. North Side-Shore, Misc. South Side-Shore, Reinecker Creek, Reinecker Creek
Shore, Canoe Creek, Crazy Creek, Eagle River, Loftus Creek, Perry River, Salmon River,
Tappen Creek and Yard Creek. Populations that rear in Shuswap Lake-Seymour Arm (North
West) include miscellaneous Seymour Arm-Shore, Celista Creek, McNomee Creek, Seymour
River. The only population that rears in Little Shuswap Lake is Little River. Populations that
rear in Mara Lake include Mara Lake Shore, Lower Shuswap River, Cooke Creek, Kingfisher
Creek and Trinity Creek. The populations that rear in Mabel Lake include Middle Shuswap
River, Bessette Creek, Noisy Creek, Tsiuis Creek and Wap Creek (Appendix 1). In addition to
these lakes, a South Thomson River site, located east of Kamloops Lake, was also included
since it represents Shuswap Complex-L Sockeye drop outs from continued upstream migration
and largely occur on dominant cycle years. A final site includes the South Thompson River,
located east of Kamloops Lake that represents drop-outs from Shuswap Complex-L upstream
migrants (Appendix 1).

History: Both Early Summer and Late Run timing populations inhabit the rearing lakes of this
CU, though due to significant differences in ecology and run timing, spawning populations have
been separated into two groups, respectively the Shuswap-ES and Shuswap Complex-L CUs
(Holtby and Ciruna 2007). Similar to the Shuswap-ES CU, the splash dam on the Adams River
and the 1913 Hells Gate landslide played a large role in the extirpation of Late Run populations
that rear in Adams Lake. Current Adams Lake Late Run populations likely came from Shuswap
Lake strays. The late component of the Adams Lake population is small in terms of abundance
(Hume et al. 1996). Within Shuswap Lake, the two north arms (Seymour and Anstey) are largely
undeveloped, while the two south arms (Main and Salmon) are developed for recreational and
residential use. There are concerns that septic tanks in the area could leach potentially
deleterious contaminants into the waterways in this southern part of the lake.

A small Sockeye population spawns in the South Thompson River, immediately upstream of
Kamloops Lake. This population covaries with the Adams dominant cycle line, with negligible to
no spawning on the remaining three cycles. Therefore, it is likely that this population is not
unique, but rather dropouts of Adams Sockeye that were enroute to their natal Adams River.
Spawners are successful at this South Thompson site and, typical of most Fraser Sockeye,
emergent fry migrate to a downstream lake to rear (South Thompson fry migrate downstream to
Kamloops Lake). Fry rearing in Kamloops Lake are largely from North Thompson (Raft, Fennell
and North Thompson) spawning populations, with a small number of Adams Sockeye (J. Hume,
DFO, pers. comm.) that likely represent the population of Adams dropouts spawning in the
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South Thompson. Tagging data further confirms mixing of Shuswap and South Thompson
spawners on dominant cycle years.

Escapement Time Series: Twenty-eight sites were included in the escapement time series that
included both rivers and creeks and lake sites. River sites included Adams River, Anstey River,
Eagle River, Little River, Lower Shuswap River, Middle Shuswap River, Momich River, Pass
Creek, Scotch Creek, and South Thompson River. The South Thompson River site (these
Sockeye would spawn in Kamloops Lake) represents drop outs of Adams Sockeye as these fish
only occur on dominant Adams cycles. Lake sites include Shuswap Lake, Adams River-Shore,
Anstey Arm, Anstey River-Shore, Cruikshank Point-West-Shore, Hlina Creek-Shore, Lee Creek-
Shore, Shuswap Lake-Main Arm, Shuswap Lake-Main Arm North, Shuswap Lake-Main Arm
South, Onyx Creek-Shore, Ross Creek-Shore, Shuswap Lake-Salmon Arm, Shuswap Lake-
Salmon Arm East, Shuswap Lake-Salmon Arm North, Shuswap Lake-Salmon Arm South,
Scotch Creek-Shore, Seymour Arm. All other sites in the escapement database were excluded
from the escapement time series because they were only assessed starting in the 1990’s or
later 2000's, and they represent negligible spawning (Appendix 1).

Adams River dominates the total abundance for this CU (70% of total EFS). The Adams River
time series is complete and required no gap filling (Appendix 2). From 1950-1963, mark
recapture methods were generally used to assess total abundance. From 1963-1984, the one
off cycle year (cycle 3) was assessed using peak live cumulative dead visual methods (all other
cycles (1,2 & 4) were assessed with mark recapture methods). From 1985 to 2009, the two off
cycles (cycle 3 and cycle 4) were both assessed using peak live cumulative dead visual
methods (cycle 1 and 2 were assessed using mark recapture methods). The Adams channel
was excluded from the escapement time series due to sparse data (1990-2009) and negligible
abundances, since this channel was designed as rearing habitat for Coho, and entry was often
barricaded by beaver dams. Little River also represents a relatively high proportion of the total
EFS in this CU (10% of total EFS). Little River was consistently assessed (no gaps in the time
series), generally using peak live cumulative dead surveys or recovery expansions (Appendix
2). Starting in 1998, due to higher abundances (>70,000) in Little River, mark recapture
methods were used for the dominant cycle, and peak live cumulative dead surveys for all other
cycles. The remaining stream/river sites used to assess trends in abundance (Anstey, Eagle,
Momich, Lower Shuswap, and Middle Shuswap Rivers, Pass and Scotch Creeks) comprised
13% of the total EFS for Shuswap Complex-L. These sites were consistently assessed on the
dominant and subdominant cycles using varied assessment methods. Anstey was assessed
using peak live cumulative dead visual survey methods. The number of surveys conducted in
this system was generally low (1 visit per year) until 1994, when the number of visits increased
(and ranged from one to six). Eagle was also generally assessed with peak live cumulative dead
surveys, with the exception of a number of years (1983-1988, 1990-1992, 1994, 1998, 1999-
2004 and 2006-2009) when an enumeration fence was used. Assessment methods in the Eagle
River were not compromised for the Late Run populations like they were for the Early Summer,
given the fish spawn in different locations. The Lower Shuswap River was also consistently
assessed using peak live cumulative dead counts until the 1970’s, when mark recaptures were
conducted on dominant, and occasionally on subdominant, cycles. The Middle Shuswap River,
Scotch Creek, Momich River and Pass Creek were all assessed using peak live cumulative
dead methods. When gaps occurred in these time series a mean proportion cycle method was
used to fill these (Appendices 2 & 5).

For lake sites, in early years (1950-1973) on Shuswap Lake, only Main Arm spawners were
recorded. This occurred since the area between the Adams River and Little River attracts the
bulk of the spawners in this CU. Therefore, crews were consistently in this area of the lake, and
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could easily assess shore spawners. Site resolution (number of sites recorded) increased
throughout the time series for Shuswap Lake Main Arm spawners. From 1974-2001, Shuswap
Lake Main Arm data were recorded as the Shuswap Lake-Main Arm site, and Shuswap Lake
was no longer used as a site name. From 2002-2009 the Shuswap Lake-Main Arm site data
were divided into the following nine sites: Shuswap Lake-Main Arm North, Shuswap Lake-Main
Arm South, Adams River-Shore, Cruikshank Point West-Shore, Hlina Creek-Shore, Lee Creek-
Shore, Onyx Creek-Shore, Ross Creek-Shore, Scotch Creek-Shore sites, and records were no
longer placed in the Shuswap Lake-Main Arm site. Therefore, these nine sites, as well as the
Shuswap Lake, Shuswap Lake-Main Arm and Shuswap Lake-Main Arm North and South sites
were combined into the escapement time series. All Adams Lake sites had small abundances
on the dominant cycle (< 4,000 total adult spawners) and had many gaps in the time series. The
South Thompson River has been assessed using peak live cumulative dead visual survey
methods.

Gaps in river and stream data were filled on the dominant and subdominant cycles using
separate calculations for each cycle, given that individual sites varied in their proportional
contribution to the total EFS depending on the cycle (dominant or subdominant). Gaps were not
filled on the two weak cycles because escapement was negligible on these cycles in years
when sites were assessed (frequently close to or equal to zero). No gaps were filled in the lake
site data (Appendix 2). For the South Thompson River gap filling of several weak cycle years
was required to complete the time series. The average of one cycle before and after each gap
was used for gap filling. However, for two years with gaps, the average was calculated using
data two generations removed, due to multiple consecutive gaps occurring on one cycle
(Appendices 1 & 2).

Productivity: In contrast with other Early Summer Run and Early Stuart CUs, Shuswap
Complex-L has not exhibited any persistent trends in productivity through time (based on
Kalman filter Ricker a parameter values)(Appendix 3, Shuswap Complex-L, Figure 1 c).
However, productivity (R/S) has been particularly low recently, from the 1998 to 2005 brood
years, with five of these years below or close to replacement (Appendix 3, Harrison (U/S)-L,
Figure 1 d). Shuswap Complex-L early freshwater survival (fall fry/EFS) was relatively stable
throughout the time series, with the exception of high survival in the 1990’s (Appendix 3,
Shuswap Complex-L, Figure 1 e). Post-fry survival (recruits/fall fry), that includes a period of
freshwater survival and marine survival, was relatively stable throughout the time series
(Appendix 3, Shuswap Complex-L, Figure 1 f).

Abundance: The full stock-recruitment time series for Shuswap Complex-L includes the brood
years 1950-2004. For Ricker model benchmark estimates (recommended model by Holt et al.
2009), a lognormally distributed prior (mean of 1,500,000 and sigma of 15,000), based on
calculations of lake rearing capacity, was used to estimate the Ricker ‘b’ parameter (Table 4;
Appendix 3, Shuswap Complex-L, Figure 2 d). Using the standard Ricker model and the full
time series (brood years 1950-2004), lower benchmarks ranged from 234,000 to 546,000 at the
10% to 90% p-level, and upper benchmarks ranged from 1,070,000 to 1,633,000 (Table 4;
Appendix 3, Shuswap Complex-L, Figure 2 e). Statuses were assessed by comparing both the
arithmetic (578,400) and the geometric (28,500) mean abundance of the last generation to the
benchmarks. The resulting statuses were Amber across all probability levels using the
arithmetic mean and Red using the geometric mean (Table 4). The large difference between the
arithmetic mean and the geometric mean (100% difference) is due to the highly cyclic nature of
this CU, with one dominant cycle, one subdominant cycle and two weak cycles.
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In contrast to most other CUs, Shuswap Complex-L has not exhibited the systematic declines in
productivity. Therefore, most model forms that specifically consider recent productivity in
benchmark estimation did not produce consistently larger (more biologically conservative)
benchmarks than the full time series standard Ricker model. The recursive-Bayesian Ricker
model was the only model that produced higher lower benchmarks relative to the full time series
standard Ricker model. All these model forms had upper benchmarks that were smaller than the
full time series standard Ricker model. Statuses for these model forms that consider recent
productivity were variable when assessed using the arithmetic mean abundance. Statuses were
Amber for both truncated time series (brood years 1970-2004 and 1990-2004) Ricker models,
Green for the smoothed Ricker model, and ranged from Green to Red (from the 10% to 90% p-
levels) for the recursive-Bayesian Ricker model (Table 4). In contrast, all statuses were Red
when the geometric mean abundance was compared against model benchmarks.

Trends in Abundance: Cyclic dominance is synchronous in the Shuswap Complex-L complex,
and consists of a large dominant cycle (2006), followed by a much smaller subdominant cycle
(2007) and two very weak cycles (2008 & 2009) (Appendix 3, Shuswap Complex-L, Figure 1 a).
Abundance has been somewhat consistent in dominant cycle years for the Adams River
(average: 750,000), with generally all dominant cycles above or close to 500,000 EFS.
Relatively low abundances occurred in the Adams River from 1993 to 2001 (average: 140,000
EFS), peaking in 2002 (2.0 million). Exceptions to this Adams River trend include relatively high
abundances post-1980 in the following Shuswap Complex-L populations: Anstey, Eagle, Pass,
Middle Shuswap, Lower Shuswap and Scotch. These populations generally had two peaks in
escapement, in 1990 and 2002. Similar to the Adams River, Shuswap Lake showed higher
abundances starting in the 1980’s, with the population declining during 1993-2001 and 2005-
2009; the lake made up less than 1% of total EFS for Shuswap Complex-L on average. Momich
had consistently low escapement throughout the time series (maximum: 412 EFS). Spawner
success has remained high (>95%) and generally consistent, with the following exceptions:
Adams River in 2000 (52%) and 2001 (90%); Momich River in 1999 (58%) and 2006 (46%),
Little River in 1999 (35%), 2001 (65%) 2006 (64%) and 2007 (69%); Lower Shuswap River in
1997 (67%) and 2001 (29%), and Pass Creek in 2003 (20%) and 2006 (40%) (Appendix 3,
Shuswap Complex-L, Figure 1 b).

The ratio of the recent generation geometric mean to the long-term geometric mean for
Shuswap Complex-L EFS (ratio: 0.95) is greater than the upper benchmark for this metric (ratio:
0.75) (Green status) (Table 5; Appendix 2, Shuswap Complex-L, Figure 2 c). In recent years
(last three generations), Shuswap Complex-L EFS has increased and the slope of this recent
trend (43% change in abundance) is above the lower benchmark for this metric (-25% change in
abundance)(Green status). There is only a 12% probability that this recent trend is below the
lower benchmark (Table 5; Appendix 3, Shuswap Complex-L, Figures 2 a & b).

Takla-Trembleur-EStu

Sites: There are two Sockeye timing groups (two different CUs) that rear in Takla, Trembleur
and Stuart Lakes: the Early Stuart and Summer Run. There are 48 enumeration sites in the
escapement database that have Early Stuart Run timing (Stuart-Early Stuart), including: 5 Mile
Creek, 10 Mile Creek, 15 Mile Creek, 25 Mile Creek, Ankwill Creek, Baptiste Creek, Bates
Creek, Bivouac Creek, Blackwater Creek, Blanchette Creek, Casamir Creek, Consolidated
Creek, Crow Creek, Driftwood River, Dust Creek, Felix Creek, Fleming Creek, Forfar Creek,
Forsythe Creek, French Creek, Frypan Creek, Gluske Creek, Hooker Creek, Hudson Bay
Creek, Kastberg Creek, Kazchek Creek, Kotesine River, Kynoch Creek, Leo Creek, Lion Creek,
McDougall Creek, Middle River (Rossette Bar), Nancut Creek, Narrows Creek, Paula Creek,
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Point Creek, Porter Creek, Rossette Creek, Sakeniche River, Sandpoint Creek, Shale Creek,
Sinta Creek, Takla Lake-shore, Takla Lake-unnamed creek, Tarnezell Creek (same as Baptiste
and Butterfield), Tildesley Creek, Unnamed Creek (placeholder for unknown names) (Appendix
1). Although Sowchea and Nahounli Creek were included in the original Stuart-EStu CU, they
have now removed from the current CU list (see proceeding removed CU section: Stuart-Early
Stuart), as they are considered migratory drop outs from the Takla-Trembleur-EStu CU;
migratory drop-outs are not included as sites in their corresponding CUs.

History: Evidence dating as far back as 1920 indicates that the Early Stuart Run was not been
large historically (Cooper and Henry 1962). Abundance was particularly low from 1962 to 1968
(average EFS: 7,000), increased to a peak of approximately 400,000 EFS in 1992, and
subsequently decreased. Recent declines have occurred consistently across most streams in
the CU. Studies into the decline of the Early Stuart Sockeye, conducted through the Stuart-
Takla Fisheries Interaction Project, found no evidence that the spawning and incubation
environment was responsible for declines in Early Stuart populations (D. Patterson, DFO, pers.
comm.). Land-use changes, road densities, and stream crossings have not been proven to have
negative effects on Sockeye abundance at the sub-watershed level (Macdonald et al. 1992).
Declines have largely been attributed to the Early Stuart population’s long migration route
(greatest upstream migration of all Fraser Sockeye CUSs), their spring (during freshet) upstream
migration timing, and the increased (more extreme) water temperatures in the Fraser River
post-1990. As a result, Takla-Trembleur-Early Stuart Sockeye have the highest accumulation of
thermal units of any Fraser Sockeye CU, which results in fewer Takla-Trembleur-EStu Sockeye
reaching the spawning grounds, due to en-route mortality, and lower spawner success (i.e.
higher pre-spawn mortality) for those that survive. A decrease in marine productivity has also
contributed to recent declines in the abundance of this CU.

Since the Takla-Trembleur-EStu Sockeye migrate during the spring freshet high water flows,
particularly in the Fraser Canyon, they have experienced delayed migration in some years.
Takla-Trembleur-EStu Sockeye were blocked downstream of Hells Gate for 15 days in 1955,
due to a later than normal freshet, which resulted in very low escapement, while those that
made it to the spawning grounds were in poor condition (escapement: 2,000). In 1960, this
population was again 15 days late arriving on the spawning grounds, and, as a result, a large
number did not reach the grounds (Holtby and Ciruna 2007). Fishways were constructed in the
Fraser Canyon between 1945 and the mid-1960’s, improving the ability of early timed migrants
to ascend areas of difficult passage (Levy et al. 2007). However, further periods of low
abundance occurred from 1962 to 1968, due to en-route loss, and from 1997 to 1999, due to
weather conditions (Levy et al. 2007).

Beaver dams in the Takla-Trembleur-EStu system are an on-going problem in terms of limiting
spawning habitat. Although Sockeye in this system are capable of leaping over smaller dams,
larger beaver dams have presented barriers to fish passage. Most Takla-Trembleur-EStu
Sockeye are thought to rear in Takla Lake, including those that spawn in the tributaries of the
upper part of Middle River, near the outlet of Takla Lake (with the possible exception of Rosette)
(International Pacific Salmon Fisheries Commission 1972). Small numbers of Sockeye have
been observed in Sowchea Creek, but these fish are thought to be Early Stuart Sockeye drop
outs from upstream migration. Sockeye numbers in Sowchea are small (average: 40 Sockeye;
range: 0 to 247) and sporadic (15 years of observations only), and Sowchea does not represent
a typical Early Stuart stream (Sowchea is not a small higher elevation stream but rather a larger
lower elevation stream typical of Summer timed spawners not Early Stuart).
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Escapement Time Series: Four key sites in the Takla/Trembleur-EStu CU have been
enumerated consistently, Forfar, Gluske, Kynoch and Rossette Creeks (Appendix 1). For the
first portion of the time series (1930’s to late 1980's), these sites were assessed largely using
peak live cumulative dead visual surveys and some mark recapture surveys, particularly in
Forfar Creek (1950, 1954, 1960, 1961, 1965, 1973, 1977 and 1978); Gluske was assessed
using a mark recapture in 1978, and Kynoch in 1960-1961 and 1978. Forfar, Gluske and
Kynoch have been enumerated using a fence program in recent years (Gluske: 1988-2009
excluding 1993; Forfar: 1989-2009 excluding 1993 and 2007; Kynoch: 1991-2006 excluding
1993 and 1997). Data from these fenced sites, in concert with peak live cumulative dead visual
surveys, have been used to develop expansion factors for all other streams assessed using
peak live cumulative dead visual methods. Eight other sites that were consistently assessed
using peak live cumulative dead methods include 15 Mile, 25 Mile, 5 Mile, Ankwill, Dust (mark
recapture in 1981 and enumeration fences in 1997 and 2000-2006), Frypan, Shale, and
Narrows Creeks. These twelve sites (Forfar, Gluske, Kynoch, Rosette, 15 Mile, 25 Mile, 5 Mile,
Ankwill, Dust, Frypan, Shale, and Narrows) required negligible gap filling (Appendix 2). During
the three subdominant cycles, these sites comprise, on average, 82% of the total escapement
in this CU; escapement is negligible in most other sites on these cycles. On dominant years,
however, these twelve sites only comprise 50% of the total escapement.

The additional sixteen sites included in the escapement time series were assessed exclusively
with peak live cumulative dead methods, including: Bivouac Creek, Blackwater Creek,
Consolidated Creek, Crow Creek, Driftwood River, Felix Creek, Forsythe Creek, Kastberg
Creek, Kotsine River, Lion Creek, Paula Creek, Point Creek, Porter Creek, Sakeniche River,
Sandpoint Creek, and Sinta Creek. These sites had numerous gaps (Appendix 2). Gaps in all
streams were filled using the Mean Proportion Method - Cyclic across aggregates of sites that
had correlated abundance trends (Driftwood: Blackwater, Consolidated, Driftwood, Kastberg,
Kotsine, Lion, Porter, Dust, Sinta; Takla North East Arm: 5 Mile, 15 Mile, 25 Mile, Shale, Crow;
Upper Trembleur: Forsythe, Ankwill, Frypan; Takla South Arm: Sandpoint, Narrows, Sakeniche,
Bivouac; Trembleur:Felix, Paula, Point)(Appendices 2 & 5).

A total of twenty sites were excluded from the escapement time series. Fourteen sites were not
included because they were only assessed sporadically, or they were only assessed starting in
1997 (generally). These include the following: 10 Mile Creek, Baptiste Creek, Bates Creek,
Casamir Creek, Hooker Creek, Kazchek Creek, Middle River (Rossette Bar), Nancut Creek,
Takla Lake-shore, Takla Lake-unnamed creek, Tarnezell Creek, Tildesly Creek, Tlitli Creek, and
Unnamed Creek. An additional six sites were excluded for various reasons: Blanchette (many
gaps and limited data), Fleming (methodology changed during the time series), French (many
gaps and small abundances), Hudson Bay (inconsistent access), Leo (beaver dams),
MacDougall (beaver dams blocked fish assess) Creeks.

Productivity: Similar to Early Summer Run CUs, Takla-Trembleur-EStu has exhibited systematic
declines in productivity (Kalman filter Ricker a parameter values) since the mid-1960 brood
years (Appendix 3, Takla-Trembleur-EStu, Figure 1 c). Productivity (R/S) has been particularly
low recently, from the 1995 to 2005 brood years, with eight of these years below replacement
(Appendix 3, Takla-Trembleur-EStu Figure 1 d). Early freshwater survival (fry/EFS) has been
variable, increasing and decreasing throughout the time series (Appendix 3, Takla-Trembleur-
EStu, Figure 1 e). Post-fry survival (recruits/fry), which includes a period of freshwater survival
and marine survival, increased in the 1990’s and subsequently decreased (Appendix 3, Takla-
Trembleur-EStu, Figure 1 f).
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Abundance: The full stock-recruitment time series available for Takla-Trembleur-EStu includes
the brood years 1950-2004. For Ricker model benchmark estimates (recommended model by
Holt et al. 2009), a lognormally distributed prior (mean of 600,000 and sigma of 15,000), based
on calculations of lake rearing capacity, was used to estimate the Ricker ‘b’ parameter (Table 4;
Appendix 3, Takla-Trembleur-EStu, Figure 2 d). Using the standard Ricker model and the full
time series (brood years 1950-2004), lower benchmarks ranged from 46,000 to 111,000 at the
10% to 90% p-levels, and upper benchmarks ranged from 174,000 to 302,000 (Table 4;
Appendix 3, Takla-Trembleur-EStu, Figure 2 e). Statuses were assessed by comparing both the
arithmetic mean (26,500) and the geometric mean (20,200) abundance of the last generation to
the benchmarks. The resulting statuses were Red across all probability levels (Table 4).

Given that Takla-Trembleur-EStu has exhibited systematic declines in productivity, model forms
that specifically consider this recent lower productivity in benchmark estimation produced higher
(more biologically conservative) lower benchmarks. The recursive-Bayesian Ricker model,
followed by the most truncated (brood years 1990-2004) Ricker model, produced the highest
lower benchmarks. Upper benchmarks were similar for almost all models that specifically
consider recent productivity, and were similar to the full time series standard Ricker model. One
exception was the smoothed Bayesian model, which produced somewhat smaller upper
benchmarks. Statuses for these model forms that consider recent productivity were Red across
all models and probability levels (Table 4).

Trends in Abundance: Takla-Trembleur-EStu had relatively low escapements up to 1981
(average EFS: 30,000), increased to a peak of ~400,000 in 1992, and has subsequently
declined in abundance (Appendix 3, Takla-Trembleur-EStu, Figure 1 a). A particularly low
period of abundance occurred from 1962 to 1968 (average EFS: 7,000). Across the entire time
series, average EFS is 40,900. This CU has further declined from a period of below average
EFS, which occurred three generations prior to the end of the time series (31,000), to the
current generation average EFS (13,300) (Table 5; Appendix 3, Takla-Trembleur-EStu, Figure 1
b). This CU has exhibited strong cyclic dominance throughout the time series, with the dominant
cycle occurring on the 2009 cycle (one dominant cycle average EFS: 100,000 and three weaker
cycles average EFS: 20,000). Spawner success has been relatively high throughout the time
series (Forfar average: 90%; Gluske average: 88%; Kynoch average: 90%; Rossette average:
88%), with notably low spawner success in 1998 (range from 40-60%) and from 1978-1980
(range from 72-74%) for the four key streams in this system (Appendix 3, Takla-Trembleur-
EStu, Figure 1 b).

The ratio of the recent generation geometric mean to the long-term geometric mean for Takla-
Trembleur EFS (ratio: 0.58) falls between the lower (ratio: 0.5) and upper (ratio: 0.75)
benchmarks for this metric (Amber status) (Table 5; Appendix 2, Takla-Trembleur-EStu, Figure
2 ¢). In recent years (last three generations), Takla-Trembleur-EStu EFS has decreased,
following a period of below average EFS (see previous paragraph). The slope of this recent
trend (-70% change in abundance) is steeper than the lower benchmark for this metric (-25%
change in abundance)(Red status), and there is a 100% probability that this recent trend is
below the lower benchmark (Table 5; Appendix 3, Takla-Trembleur-EStu, Figures 2 a & b).

Takla-Trembleur-Stuart-S

Sites: Two Fraser Sockeye run-timing groups (two different CUs: Summer Run and Early Stuart
timing) rear in the Takla and Trembleur Lakes. Stuart Lake largely supports rearing of Summer-
Run timed Sockeye with negligible to no rearing of Early Stuart Sockeye. The Summer Run
timed populations that spawn at the outlet of Takla-Trembleur Lakes include Kazcheck Creek,
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Middle River, and Sakeniche River; populations that spawn at the outlet of Stuart Lake include
Kuzkwa River, Pinchi Creek, Sowchea Creek, Tachie River, Stuart River and a Stuart Lake
spawning population (Appendix 1). The Takla-Trembleur-Stuart-S CU was originally broken up
into two separate CUs in previous iterations of the Fraser Sockeye CU list. However, it was
confirmed that there is mixing amongst populations from these originally separate CUs and,
therefore, both these CUs were combined into the current Takla-Trembleur-Stuart-S CU.

History: In the Takla-Trembleur Lakes, most Sockeye spawning occurs in the Middle River.
Historically, pulpwood and sawlog harvesting, and the extension of the Pacific Great Eastern
Railway caused disturbance to spawning beds in Middle River (International Pacific Salmon
Fisheries Commission 1972). Currently, availability of good spawning grounds in Middle River is
the main factor limiting the Takla-Trembleur-S Sockeye abundance (International Pacific
Salmon Fisheries Commission 1972). Middle River was enhanced with eggs from the
Birkenhead River in 1923 and Kazchek Creek received eggs from the Birkenhead, Skeena and
Stuart Rivers between 1924 and 1928 (Aro 1979).

In the Stuart Lake system, the Tachie River dominates Sockeye escapements. Log driving on
the Tachie River started in the 1960’s (Roos 1991), similar to the Stellako River. Although this
practice was discontinued on the Stellako River (Fraser-S) in 1968, it was not discontinued on
the Tachie River at this time. The extent of damage to spawning grounds is unknown (Roos
1991), though it is expected to be less severe than in the Stellako River system due to
differences in the physical characteristics of this system (Roos 1991). Stuart Lake has a greater
capacity to rear fry than that supported by spawning sizes, indicating that the Late Stuart
population may be limited in terms of available spawning grounds (Roos 1991). Hatchery
transfers occurred early in this system (1907-1928), with transfers to Stuart, Pinchi, Sowchea,
and Tachie from Pierre, Pinkut, Birkenhead, and the Skeena River (Aro 1979).

Escapement Time Series: For the Takla-Trembleur-Stuart-S CU, four sites were included in the
escapement time series. First, in the Takla-Trembleur system, two sites included: Middle River
and Kazchek Creek (Appendix 1). Both sites have nearly complete abundance time series
starting in the 1950’s, and together they make up almost 100% of the total abundance in the
Takla-Trembleur Lake system for years in which Sakeniche River was also assessed. Middle
River was generally assessed using mark recapture methods on dominant years and peak live
cumulative dead surveys on the other three cycle lines. Kazchek Creek was assessed using
peak live cumulative dead methods (visual surveys). The Kazchek Creek time series was gap
filled in 1984 using its relationship with Middle River, according to the Mean Proportion Method
(Appendices 2 & 5). Sakeniche River was excluded from the escapement time series due to
considerable enumeration gaps in the time series’; this site was also assessed using the peak
live cumulative dead methodology. In years when Sakeniche was assessed, surveys were
limited to one site visit only.

In addition to Takla-Trembleur Lake sites, two Stuart Lake sites were also included in the Takla-
Trembleur-Stuart-S CU escapement time series: Tachie River and Kuzkwa River (Appendix 1).
These two sites were consistently assessed, each has a relatively complete time series, and
together they represent >96% of total escapement in years when all systems were assessed.
Tachie was consistently assessed starting in 1953. Until 1992, a mark recapture was conducted
on dominant cycles, and peak live cumulative dead (air) surveys were conducted on the
remaining three cycles. After 1992, mark recaptures were conducted more frequently on roughly
two out of the four cycle years. Kuzkwa was assessed using peak live cumulative dead survey
methods (rafting surveys or, starting in the 1960’s, helicopter surveys). Kuzkwa is a larger creek
that generally requires two days to assess. Usually only one survey was conducted in the early
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time series, coinciding with peak spawn. Up to three surveys were conducted in larger
abundance years, starting in 1997. Generally, Kuzkwa has negligible abundances during the
three off cycles, with larger abundances occurring only on dominant cycle years. The time
series used to assess trends in abundance covers 1953 to 2009. No gap filling was required for
Tachie estimates. For Kuzkwa, only 1956 was gap-filled using its proportional relationship with
Tachie (Mean Proportion Method) (Appendices 2 & 5).

The remaining four sites at the outlet of Stuart Lake (Sowchea, Pinchi, Stuart River, and Stuart
Lake) were excluded from the escapement time series. Sowchea Creek has not been
consistently assessed because this site is not as readily accessible as other sites. Pinchi has a
slightly more complete time series than Sowchea and Stuart Lake, however, most assessments
were conducted inconsistently through fishery officer surveys, and data were not comparable
between years until the late 1970’s. Stuart Lake was assessed only once in 1958, and had a
total escapement of 293; lake spawning is typically challenging to assess given that spawning
can occur at depths not visible during visual surveys.

Productivity: Similar to other Summer Run CUs, the Takla-Trembleur-Stuart-S CU has exhibited
systematic declines in productivity (Kalman filter Ricker a parameter values) since the 1990
brood year (Appendix 3, Takla-Trembleur-Stuart S, Figure 1 c). Productivity (R/S) has been
particularly low recently, from the 1997 to 2005 brood years, with five of these years close to or
below replacement (Appendix 3, Takla-Trembleur-Stuart S, Figure 1 d). Freshwater and marine
survival data are not available for this CU.

Abundance: The full stock-recruitment time series available for Takla-Trembleur-Stuart S and
includes the brood years 1950-2004. For Ricker model benchmark estimates (recommended
model by Holt et al. 2009), a lognormally distributed prior (mean of 1,400,000 and sigma of
16,000), based on calculations of lake rearing capacity, was used to estimate the Ricker ‘b’
parameter (Table 4; Appendix 3, Takla-Trembleur-Stuart-S, Figure 2 d). Using the standard
Ricker model and the full time series (brood years 1950-2004), lower benchmarks ranged from
55,000 to 197,000 at the 10% to 90% p-levels, and upper benchmarks ranged from 343,000 to
741,000 (Table 4; Appendix 3, Takla-Trembleur-Stuart-S, Figure 2 e). Statuses were assessed
by comparing both the arithmetic mean (59,100) and the geometric mean (38,400) abundance
of the last generation to the benchmarks. The resulting statuses were largely Red across all
probability levels, with the exception of the arithmetic mean at the 10% probability level, for
which status was Amber (Table 4).

Given that Takla-Trembleur-Stuart S has exhibited systematic declines in productivity, model
forms that specifically consider this recent lower productivity in benchmark estimation produced
higher (more biologically conservative) lower benchmarks. The most truncated (brood years
1990-2004) Ricker model, followed by the smoothed Ricker and recursive-Bayesian Ricker
model, produced the highest lower benchmarks. Upper benchmarks were similar for almost all
models that specifically consider recent productivity, and were comparable to the full time series
standard Ricker model. One exception was the recursive-Bayesian Ricker model, which
produced much smaller upper benchmarks. Statuses for these model forms that consider recent
productivity were Red across all models and probability levels (Table 4).

Trends in Abundance: Abundance in Takla-Trembleur-Stuart-S was relatively low up to 1988
(average EFS: 38,800) and was relatively high post-1988 (average EFS: 141,600). Across the
entire time series, average EFS was 76,700. This CU has declined from a period of above
average EFS, which occurred three generations prior to the end of the time series (122,400), to
the current generation average EFS (28,100) (Table 5; Appendix 3, Takla-Trembleur-Stuart-S,
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Figure 1 b). The Takla-Trembleur-Stuart-S CU exhibits strong cyclic dominance, with one
dominant cycle (average EFS: 250,200) and three subdominant cycles (average EFS: 19,800).
Throughout the time series, spawner success has remained high (~93%) and generally
consistent, with the exception of 1949-1951, which exhibited the lowest spawner success on
record (average: 65%), due to high water temperatures and earlier run timing during this period.

The ratio of the recent generation geometric mean to the long-term geometric mean for Takla-
Trembleur-Stuart-S EFS (ratio: 1.72) is greater than double the upper benchmark for this metric
(ratio: 0.75) (Green status) (Table 5; Appendix 2, Takla-Trembleur-Stuart-S, Figure 2 c). In
recent years (last three generations), Takla-Trembleur-Stuart-S EFS has decreased, following a
period of above average EFS (see previous paragraph). The slope of this recent trend (-82%
change in abundance) is steeper than the lower benchmark for this metric (-25% change in
abundance)(Red status), and there is a 99% probability that this recent trend is below the lower
benchmark (Table 5; Appendix 3, Takla-Trembleur-Stuart-S, Figures 2 a & b).

Taseko-ES

Sites: The only population to rear in Taseko Lake is the population that also spawns in Taseko
Lake (Appendix 1).

History: Taseko Lake is a glacially influenced lake that has, as a result, poor fish visibility.
Carcass counts are expanded based on survey effort, using methods established from studies
historically conducted on Taseko Lake. Estimates are likely biased low given limitations in the
number of carcasses that reach the lake surface after becoming moribund (Patterson et al.
2007b). Lake counts can be further compromised on survey days with heavy rain or winds that
decrease the visibility of carcasses on the lake surface.

Escapement Time Series: This site has been assessed since 1949, however there are
considerable gaps in the time series (Appendices 1 & 2). Gaps were filled using the cycle-line
average methods (Appendices 2 & 5).

Productivity: Productivity and survival could not be estimated for this CU as there are no
associated recruitment data available for this CU.

Abundance: Abundance benchmarks could not be estimated for this CU as there are no
associated recruitment data or spawning capacity data available for this CU.

Trends in Abundance: The Taseko Lake Sockeye population is small in abundance (average
EFS: 1,300) (Appendix 3, Taseko-ES, Figure 1 b). This population has decreased in abundance
from a peak period of 2,900 EFS (1950-1964) to an average of 376 EFS (1990-2009). This CU
has not exhibited cyclic dominance, and throughout the time series spawner success has
remained high (~93%)(Appendix 3, Taseko-ES, Figure 1 b).

For all calculations, the time series of this CU was limited to include only surveyed years. There
are considerable gaps in the middle of the time series that cannot be gap filled; therefore, only
the early time series (1950-1968) and the recent period (1993-2009) were used. The ratio of the
recent generation geometric mean to the long-term geometric mean for Taseko-ES EFS (ratio:
0.32) falls below the lower benchmark (ratio: 0.5) for this metric (Red status) (Table 5; Appendix
2, Taseko-ES, Figure 2 c). In recent years (last three generations), Taseko-ES has further
decreased following a period of below average EFS (see previous paragraph). The slope of this
recent trend (-76% change in abundance) is steeper than the lower benchmark for this metric (-
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25% change in abundance)(Red status), and there is a 97% probability that this recent trend is
below the lower benchmark (Table 5; Appendix 3, Taseko-ES, Figures 2 a & b). The average
size of this CU is small (average ETS: 2,300).

Widgeon (River-Type)

Sites: The Widgeon CU is a river-type population and includes only one population: Widgeon
Creek (Appendix 1).

History: Widgeon (River-Type) Sockeye are possibly the most unique CU in the Fraser
Watershed. This population is adapted to the tidal conditions of Widgeon Slough. The fish move
back and forth between Pitt Lake and Widgeon Slough with the tides, moving into the slough to
spawn on high tides and moving into Pitt Lake on low tides. Due to consistent Sockeye
movement into the slough, a channel has developed through which they migrate, facilitating the
counting of fish. Sockeye also move into areas in Widgeon Slough where eel grass covers the
spawning gravel, though it is unclear whether they do this for protection from predators
(defense) or for spawning. Water levels are very low during low tide (de-watered) with only
sufficient cover for egg incubation, therefore, atypical of the Sockeye species, females cannot
remain with their nests until they die. Overall, the spawning area is very small (~100 m in length)
and visibility of Sockeye is good. Widgeon Sockeye are similar to Harrison (River-Type)
Sockeye in that they migrate to the ocean after gravel emergence and do not rear in lakes as
juveniles. Widgeon (River-Type) Sockeye are also the smallest adults in the watershed.

Escapement Time Series: Widgeon Slough has been assessed consistently using peak live
cumulative dead visual (foot) surveys. There are three gaps in the time series where incomplete
surveys were conducted (Appendices 1 & 2). These gaps were filled using the cycle-line
average (Appendices2 & 5).

Productivity: Productivity and survival could not be estimated for this CU as there are no
associated recruitment data available for this CU.

Abundance: Abundance benchmarks could not be estimated for this CU as there are no
associated recruitment data or spawning capacity data available for this CU.

Trends in Abundance: Widgeon has an extremely small population (average EFS: 300). This
population has decreased in abundance from a peak period of 400 EFS (1950-1989) to a more
recent average of 120 EFS (1990-2009). In 2009, the abundance increased to 800 EFS
(Appendix 3, Widgeon (River-Type), Figure 1 b). Throughout the time series spawner success
has remained high (~96%).

The ratio of the recent generation geometric mean to the long-term geometric mean for
Widgeon (River-Type) EFS (ratio: 0.35) falls below the lower benchmark (ratio: 0.5) for this
metric (Red status) (Table 5; Appendix 2, Widgeon (River-Type), Figure 2 ¢). In recent years
(last three generations), Widgeon (River-Type) has increased following a period of below
average abundance, including a large increase in 2009 (see previous paragraph). The slope of
this recent trend (437% change in abundance) is above the upper benchmark for this metric (-
15% change in abundance)(Green status), and there is a 0% probability that this recent trend is
below this lower benchmark (Table 5; Appendix 3, Widgeon (River-Type), Figures 2 a & b). The
average size of this CU is small (average ETS: 625).
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Six Validation Required Conservation Units

Cariboo-S (extirpated?)

There are four recent years of observations (post-2002) of Sockeye in the Upper Cariboo River
above Cariboo Lake, obtained from escapement enumeration programs for Chinook and Coho
(e.g. 300 Sockeye were observed at this site in 2007). At present, there is not sufficient
evidence to confirm whether or not this is a current CU. Future assessments and biological data
are required.

Francois (First Run)-ES and Francois (Second Run)-ES (extirpated?)

Historically, Nadina River had both an earlier and later timed Sockeye run (both were early
summer timing). The first run would migrate upstream into Nadina Lake and then, to spawn,
would drop back downstream (below the current channel location). A later run timing group
(second run) would spawn in the current spawning channel location. A Glacier Creek (upstream
of Nadina Lake) population is included in the Francois (First Run)-ES CU, since both
populations had similar timing and behaviour. The Nadina Sockeye spawning channel was build
in 1973 and is located south of the city of Houston, next to the Nadina River at the outlet of
Nadina Lake. The channel was built to augment Nadina Sockeye and increase utilization of the
Francois Lake rearing area by juveniles. After channel construction, the earlier timed (first run)
Nadina River spawning Sockeye could generally no longer move upstream into Nadina Lake to
hold prior to spawning. Instead, if these fish were diverted into the channel, they generally
remained in the channel due to the blockage of the bottom of the channel by a diversion weir.
The first run Sockeye, however, tended to continue their behaviour of dropping back
downstream to spawn, although for those diverted into the channel they could only drop back as
far as the lower reaches of the spawning channel rather than their original spawning locations
below the spawning channel. All Sockeye (both earlier and later timed runs) not diverted into the
spawning channel now spawn below the channel. This behaviour of the first run population is
relatively unique to Fraser Sockeye, as most fish that arrive first in a system generally spawn in
the upper rather than lower reaches. The original first run behaviour (arriving early and dropping
back downstream to spawn), appears to somewhat have been retained in the current population
structure. Research will be conducted in upcoming years to open the top of the channel during
early migration to see if these Sockeye will revert to their past beavers of migrating up to Nadina
Lake prior to spawning. Given that these two pre-channel populations were distinct in behaviour
and spawning locations, they are now identified in the current CU list as two separate CUs:
Francois (First Run)-ES and Francois (Second Run)-ES, in addition to the post-channel Nadina-
Francois-ES CU that is a mixture of these two runs.

Indian/Kruger

The last Sockeye observations in this system were in 1986, from a weir-based escapement
enumeration program. It is probable that there were Sockeye in the lakes historically but it is
unknown if they are currently present. There are a few reported Sockeye in UBC records,
however these have not been verified as anadromous Sockeye and may, in fact, be kokanee.
There are several observations of Chinook in this system, indicating that the lakes are
accessible to anadromous salmon. Assessments have been extremely infrequent; therefore,
further assessments (DFO assessments are planned here for 2011) are required to confirm the
persistence of this population.
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Mid-Fraser River (River-Type)

This CU includes the following sites: Bridge River, Nechako River and Yalakom River. Other
sites, West Road (Blackwater) and Cariboo Rivers, require additional verification to confirm they
are persistent river-type populations. There are a number of other sites that were originally
included in this CU that are now confirmed to be upstream migration drop-outs and, therefore,
not persistent river-type populations (e.g. Hawks Creek). Continued DNA analysis, scale life-
history analysis (to confirm river-type life-history), and escapement enumeration is required to
assess whether or not this is a current CU.

Upper Fraser (River-Type)

This CU includes the following sites: Bridge River, Indian Point Creek (three observations from a
Weir and one in 2010 and 1985 and 1986 from CN fence and 1951), Lower Bowron River,
Fraser River above Tete Jaune Creek, Holmes and McGregor Rivers, and Swift and Slim
Creeks. There has only been one observation of Sockeye in Tete Jaune Creek in the Upper
Fraser, and this was observed opportunistically during a Chinook survey. Chinook are
consistently assessed in this system, therefore, indicating that Sockeye have not likely been
present in other years. This CU is a placeholder until more data can be collected to confirm
whether these are persistent river-type populations.

Eight Extirpated Conservation Units

Adams-ES (i.e. Upper Adams River)

Originally, the Upper Adams River spawning population was placed in the Shuswap-ES CU (see
preceding section: Shuswap-ES). However given the separate rearing lake (Adams Lake) and
distance from Shuswap Lake, this population was moved to this separate CU (Adams-ES),
similar to the proceeding Momich-ES CU. The Adams-ES CU includes a single population of
Early Summer timed Sockeye that spawn in the Upper Adams River and rear in Adams Lake as
juveniles. The original population was thought to have been extirpated by the combined effects
of the Fraser Canyon’s Hells Gate landslide in 1913, and splash damming on the lower Adams
River (1908-1940), which severely obstructed Sockeye access through the Fraser Canyon and
into the Adams Lake. Although hatchery enhancement of the Upper Adams River from 1948-
1980, using largely Seymour River (and to a lesser extent Taseko and Cayenne) Sockeye
(Roos 1991; Withler et al. 2000) occurred, enhancement has been largely unsuccessful as
these populations have remained extremely small (many years since 1950 with no Sockeye
observed). Currently, Sockeye in the Upper Adams River population are highly genetically
related to the donor (Seymour River) population, although some genetic differences exist. The
original Adams-ES CU is considered extirpated and has been replaced by a small population
that originated and has been maintained by hatchery enhancement. It is unclear if this new
hatchery-origin population will be naturally sustained and, therefore, it is not at this time
considered a de novo CU.

Alouette-ES

An Early Summer timed run (April-July migration) of anadromous Sockeye salmon spawned
(September-November) in the mainstem of the Alouette River and reared in Alouette Lake prior
to the construction of the hydroelectric dam (1925-1928) on this system (Gaboury and Bocking
2004). After its construction, the dam blocked fish passage and eliminated this run of Sockeye
salmon; at this time Alouette-ES was considered extirpated and unrecoverable. However, a
spillway was constructed in 1985, and, as a result of recent experimentation in flow regimes
(2005-2009) over the dam (spillway releases), some Sockeye smolts (from reservoir kokanee)
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emigrated from the Alouette reservoir. These Sockeye returned to the dam at the outlet of the
Alouette reservoir years later as adults (confirmed to have originated from emigrating Alouette
smolts), after a period of ocean residence (Mathews and Bocking 2007). Therefore, it appears
that the resident kokanee that originated from the pre-dam anadromous Sockeye have retained
their anadromous life-history. Recovery of Alouette-ES Sockeye requires the continuation of
spill regimes that permit outmigration of Sockeye smolts (currently occurs each spring as part of
the Alouette water use plan) and the manual trucking (Trap & Truck Program) of returning adult
fish back into the reservoir (Balcke 2009), or, alternatively, the construction of a fishway for
adult migration (Gaboury and Bocking 2004). The Alouette-ES CU is currently not a self-
sustaining anadromous Sockeye Run, and therefore, is technically considered an extirpated CU
despite the occurrence of resident kokanee that have retained the ability to re-anadromize. The
restoration of anadromous fish runs, where practical, is a key objective of the Bridge-Coastal
Fish and Wildlife Restoration Program (BCRP).

Coquitlam-ES

An Early Summer timed run of anadromous Sockeye salmon reared in Coquitlam Lake prior to
the construction of a hydroelectric dam (1914) on this system. The Coquitlam Reservoir is now
one of three lakes that contributes to the Vancouver Water District municipal water
supply(Fisheries and Oceans Canada 1999). After its construction, the dam blocked fish
passage and, as a result, eliminated this run of anadromous Sockeye salmon; at this time the
population was considered extirpated and unrecoverable. However, in recent years (2005-2009)
due to some experimentation in flow regimes over the dam (spillway releases), some Sockeye
smolts (from reservoir kokanee) emigrated from the Coquitlam reservoir. These fish returned to
the dam at the outlet of the Coquitlam reservoir years later as adults, after a period of ocean
residence (L.Godbout, DFO, pers. comm.). Both genetic and gill raker analyses of kokanee and
volitional (fish spilled over the dam) Sockeye smolts in the Coquitlam reservoir indicate that
these fish are similar, and that the kokanee have been recently derived from anadromous
Sockeye. This suggests that kokanee currently residing in the reservoir have the potential to
return to an anadromous life-history (Nelson and Wood 2007). Coquitlam Sockeye are closely
related to nearby Pitt River Sockeye, suggesting a common colonizing population, and straying
between these populations prior to dam construction (Nelson and Wood, 2007). Recovery of
Coquitlam-ES Sockeye would require spill regimes that would permit outmigration of Sockeye
smolts, and the manual trucking of returning adult fish back into the reservoir on the other side
of the dam. The Coquitlam-ES CU is currently not a self-sustaining anadromous Sockeye Run,
and therefore, is technically considered an extirpated CU despite the occurrence of resident
kokanee that have retained the ability to re-anadromize. The restoration of anadromous fish
runs, where practical, is a key objective of the Bridge-Coastal Fish and Wildlife Restoration
Program (BCRP).

Fraser-ES

This CU includes two sites: Endako River and Ormonde Creek. These populations are likely
extirpated and were never large since the substrate is of poor quality for salmon and there is
much better gravel for Sockeye spawning in other locations. Sockeye are no longer present in
the Endako River and the early summer timed component of Ormonde Creek has not been
observed since the 1970’s. Note there is a later timed (Summer Run timing) component of
Sockeye that also spawns in Ormond Creek that is part of the preceding Francois-Fraser-S
section.
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Kawkawa-L

Kawkawa Lake was dammed in the past (date unknown) and, as a result, has not been
accessible to spawning Sockeye since its construction. There may have been anadromous
Sockeye in this system prior to damming, although this has not been confirmed. Roos (1991)
reported that Sockeye were observed in Kawkawa Lake during the years of the Hells Gate
fishway construction (late 1920’s and early 1930’s) after the landslide (1913). However, these
spawning fish, were reported to be Adams River Sockeye that had dropped out of upstream
migration before Hells Gate. Currently, kokanee (non-anadromous Sockeye) do occupy the
lake. There have been no experiments, similar to the extirpated Alouette-ES and Coquitlam-ES
CU, to explore whether the anadromous life-history occurs in the resident kokanee population.
Although this CU has been included in the current CU list and classified as extirpated, there is
only limited evidence currently to suggest that this was a persistent lake-type population in the
Fraser watershed.

Momich-ES

Similar to the Adams-ES extirpated CU, Momich and Cayenne Creek populations were
previously placed in the Shuswap-ES CU (see preceding section: Shuswap-ES). However given
the separate rearing lake (Momich Lake) and distance from Shuswap Lake, these populations
were moved to a separate CU (Momich-ES), similar to the Adams-ES (i.e. Upper Adams River)
CU. Also like the Adams-ES CU, the Early Summer timed populations that spawn in Momich
River and Cayenne Creek and likely rear in Momich Lake were thought to have been extirpated
by the combined effects of the Fraser Canyon’s Hells Gate landslide in 1913 and splash
damming on the lower Adams River (1908-1940), which severely obstructed Sockeye access
through the Fraser Canyon and into Adams and Momich Lakes. The Momich River Sockeye
population re-appeared in 1960, although the origin of this population is not well known. There
were no hatchery transplants directly into this system and it is unlikely Momich River Sockeye
are from their original population, since none should have survived the earlier obstructions
(Hells Gate landslide and the Adams splash dam). It is more likely that the current Momich
Sockeye population originated as strays from egg transplants from the Seymour River to the
Upper Adams River (Roos 1991). Similarly, the adjacent Cayenne Creek population was also
first observed again in 1960, and also likely originated from earlier transplants of Seymour
and/or Taseko eggs and juveniles into Adams Lake (cited from Williams 1987) (Withler et al.
2000). Adams and Momich Lake populations combined are now genetically distinct, as a result
of genetic drift or founder effects (Withler et al. 2000). In response to low returns of Adams and
Momich Lake populations in 1992, restoration efforts have enhanced the offspring of this cycle
year, through a combination of reduced fishing, hatchery releases and nutrient enrichment of
the lake nursery area (Hume et al. 2003). The original Momich-ES CU is considered extirpated
and replaced by a small population that originates from, and has been maintained by, hatchery
enhancement. Since it is unclear if this new population will be naturally sustainable, there is
currently no new de novo CU identified.

North Barriere-ES

Since the lower Barriere River, downstream of Fennell Creek, was dammed up to 1952 when
the dam was decommissioned, Sockeye populations that spawned upstream of the dam
(Harper, Fennell Creeks and Upper Barriere River) became extirpated. Since juveniles from
these populations would have reared in the North Barriere Lake, these populations were not
included in the nearby Kamloops-ES CU, but instead placed in the North Barriere-ES CU. There
is an identically named North Barriere-ES (de novo) CU that refers to the re-established
Sockeye populations in these streams due to hatchery enhancement. These populations are
different from the original extirpated populations.
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Seton-S

This was a population of Summer Run timed Sockeye that spawned in Portage Creek and
reared as juveniles in Seton Lake. A number of factors contributed to the extirpation of this CU
including early hatchery programs, the 1913 Hells Gate landslide, and water diversion.
Specifically, in 1903 the first hatchery in BC began operating on Portage Creek (Babcock 1904)
near the present location of the Seton Dam. At this time, poor husbandry techniques were
implicated for the declining abundance of Portage Sockeye (Geen and Andrew 1961). In 1913,
the Hells Gate landslide decimated what remained of this population. In addition, water diverted
from the Bridge River into Seton Lake in 1934 decreased primary productivity in this lake (Roos
1991). As a result, the original Portage Summer Run timed population is considered extirpated.
Due to hatchery transplantation into the Portage Creek from multiple Fraser systems, such as
Birkenhead and the Lower Adams River (Aro 1979), a new population was established and is
described and assessed in the preceding section: Seton-L (de novo). Technically this new
population is not a CU since it originates from hatchery origins but is included in analysis given
it contributes reasonable production to the Late Run Fraser Sockeye aggregate.

Removed (6) Conservation Units

There are a number CUs that occurred in previous versions of the Fraser Sockeye CU list that
after subsequent review of the data and associated information, it was decided that they were
not, in fact, valid CUs. As a result, these CUs were removed from the current Fraser Sockeye
CU list. Rationale for their removal from the CU list are described below.

Boundary Bay (River-Type)

Although this is not a Fraser Sockeye CU, it was included since it occurs near the Fraser
confluence with the Strait of Georgia. There is only one recent observation of Sockeye for this
CU. Currently, this observation (recorded in the escapement database) has not been verified or
confirmed in the historical records. Further anecdotal information suggests that when Sockeye
are observed in this system they are associated with the dominant Adams run (Shuswap
Complex-L CU), and, therefore, are likely strays from the Fraser system. Therefore, this CU was
removed from the Fraser Sockeye CU list.

Carpenter Lake

Prior to the construction of the Terzaghi Dam on the Bridge River, Sockeye were enumerated at
several sites upstream of the dam. In the original CU description, it was presumed that there
was an antecedent lake to Carpenter Lake and that those Sockeye were lake-type. However,
after further investigations no evidence exists that confirms that there was a lake utilized by
sockeye in the Bridge system (B. Holtby, DFO, pers. comm.). Consequently, the Carpenter Lake
CU has been removed from the Fraser Sockeye CU list.

Hayward Lake

There were several errors in characterizing this lake system as a Sockeye lake-type CU. First,
Hayward Lake was formed by the construction of the Ruskin Dam in the Stave River Canyon in
1930. Therefore, the Hayward Lake name is erroneous as it is, in fact, named the Ruskin or
Hayward Reservoir. Natural falls occur in this system and are likely impassable to all fish, no
anadromous Sockeye, therefore, would have spawned in this system. Upstream of the
Ruskin/Hayward Reservoir, in Stave Lake, sediment cores and isotopic analyses also found no
evidence of anadromous salmonids in this system (B. Holtby, DFO, pers. comm.). Given that
historically there was no Ruskin/Hayward reservoir, there would be no Hayward Lake CU for
Fraser Sockeye. Further, since there is no evidence of anadromous Sockeye in Stave Lake,
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there also would be no Stave Lake CU. Therefore, this CU was removed from the Fraser
Sockeye CU list.

Fraser Canyon (River-Type)

All observations of Sockeye at sites in this CU (e.g. American, Emory, Silverhope, Spuzzum and
Yale Creeks and the Coquihalla River) largely occurred in the late-1930’s during the fishway
construction at Hells Gate after the Hells Gate landslide (1913) that blocked fish passage. Hells
Gate represents a location of migratory challenge for Sockeye upstream migration, given high
discharges and flows that occur at this constricted location in the Fraser, particularly during the
Spring freshets. Given the timing of these early Sockeye observations in Fraser Canyon
streams and rivers, these fish are likely migratory drop-outs from upstream lake-type CUs and
do not represent components of a unique and distinct river-type CU. Outside of these years,
there is limited data for these populations, as these sites were only assessed during Pink years
or years in which there were reported difficult migration conditions coinciding with the dominant
cycle Adams River Sockeye run. Almost all field notes for these creeks and rivers indicate that
these Sockeye observations were likely attributed to lake-type CU drop outs due to upstream
migratory challenges or were associated with the large dominant Adams run. Given this
information, it was concluded that these Sockeye observations in Fraser Canyon streams do not
represent a unique Fraser Sockeye river-type populations in the Fraser watershed and,
therefore, this CU was removed from the Fraser Sockeye CU list.

Thompson (River-Type)

The sites in this CU include the mainstem of the Thompson River and Deadman Creek. The
Thompson River was only assessed in Pink (odd) years and Deadman Creek was assessed
once by a fence operated by Skeetchestn First Nations. The Sockeye observations in these
sites have been confirmed drop outs from the Kamloops-ES and Shuswap-ES CU. Therefore,
this CU was removed from the Fraser Sockeye CU list.

Stuart-Early Stuart

This was a CU in earlier versions of the CU list. However, this CU was dropped from current
iterations as sites associated with this CU are drop outs from upstream migrating Takla-
Trembleur-EStu Sockeye (see proceeding section: Takla-Trembleur-EStu). There were two
sites associated with the Stuart-EStu CU, both of which have only one year of data (Nahounli
Creek) or negligible escapement data (Sowchea Creek). The population in Nahounli Creek is
not persistent, and was only surveyed in 1951. There are sixteen escapement records for
Sowchea Creek, occurring in 1941, 1951, 1955, 1956, 1960, 1970, 1974, 2001, and during
2003-2009. Sockeye are observed in these creeks only when spawner abundance in the Takla-
Trembleur CU is high or migration conditions have been stressful (e.g. warmer water
conditions). These populations are not genetically distinct from the Takla-Trembleur-EStu CU
and are not persistent. Therefore, this CU was removed from the Fraser Sockeye CU list.

CONCLUSIONS

For Fraser Sockeye CUs, abundance benchmarks (unique to each CU) were estimated across
a range of model forms and probability levels and trends in abundance benchmarks (identical
across each CU) were modified from those recommended by Holt et al. (2009). For each
benchmark combination, statuses were then assessed for each CU. In addition, abundance
metric statuses were also assessed by comparing two estimates of recent abundances
(arithmetic versus geometric means) against the range of lower and upper benchmark
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combinations for each CU. Given the number of metrics and the evaluation of uncertainty in
abundance benchmarks, statuses for a CU could be comprised of all three WSP status zones
(Red, Amber and Green) (Tables 4 & 5).

For abundance metrics, both the structural (different Ricker model forms) and stochastic
(probability distributions) uncertainty in benchmarks are presented in Table 4. Lower and upper
Fraser Sockeye abundance benchmarks were estimated first using the full stock-recruitment
time series standard Ricker model (that assumes constant productivity) within a Bayesian
framework. Since most Fraser Sockeye CUs have exhibited declines in productivity in recent
decades, Ricker model forms that assume non-stationary productivity (truncated stock-
recruitment time series Ricker models, smoothed-Ricker models and recursive-Bayesian Ricker
models) were also used to estimate abundance benchmarks. For CUs that have exhibited
recent productivity declines, model forms that emphasize this recent productivity in benchmark
estimation, generally produced larger (more biologically conservative) lower benchmarks,
compared to the standard (full time-series) Ricker model. This result is attributed to the negative
covariation between the WSP abundance metric lower benchmark (Sgen: recovery to Spey in one
generation under equilibrium conditions) and the Ricker model’s intrinsic productivity (‘a’)
parameter (Holt and Bradford 2011). Recent simulation results reported that while Sgen
benchmarks increase as a population’s intrinsic productivity decreases from moderate to low,
other benchmarks (e.g. benchmarks that are percentages of Sy that do not covary with
productivity, don’t change significantly (Holt and Bradford 2011). Therefore, during periods of
reduced productivity, larger lower benchmarks (estimated from Ricker model forms that
emphasize recent lower productivity) may assist with protecting CUs from extirpation,
depending on how often benchmarks are re-estimated and how these results are applied to
harvest management.

In contrast to abundance lower (Sgen) benchmarks, upper benchmarks (80% S,.sy) do not covary
with productivity (Holt and Bradford 2011). Therefore, although lower benchmarks generally
increase when using Ricker model forms that emphasize recent lower productivity, upper
benchmarks are generally similar (or in a number of cases even smaller) to those estimated with
the full time-series Ricker model. Therefore, changes in CU statuses across model forms are
largely driven by changes in the lower benchmarks or differences in the method used (arithmetic
versus geometric mean) to calculate the average abundance in the last generation, rather than
changes in the upper benchmark.

For all models, prior information on the carrying capacity parameter (‘b’ parameter) was used, if
available and appropriate for a CU. The current paper updates the photosynthetic rate (PR)
model’'s estimates of spawners at maximum juvenile production (Smax)(Hume et al. 1996;
Shortreed et al. 2000; Cox-Rogers et al. 2010) by considering competitors to Fraser Sockeye
juveniles in rearing lakes. The current paper uses these results (pairing appropriate lake
estimates with corresponding CUs) to estimate the mean of the Ricker model carrying capacity
(Ricker ‘b’) parameter for use as a Bayesian prior distribution (Table 3). The standard deviation
(sigma) of this prior distribution, however, was selected to exceed a CU’s range of spawners
observed in the escapement time series. For future analyses, the current paper’'s Snax estimates
could be updated using Bodtker et al.’s (2007) Bayesian PR method that accounts for
uncertainties in the PR model. The resultant S,ax probability distributions could then be used as
carrying capacity (Ricker ‘b’) parameter prior distributions instead of our current approach to
estimate priors.

Prior to inclusion of PR model results as carrying capacity prior distributions, freshwater
capacity estimates based on stock-recruitment data and PR model results were compared for
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each CU. Where informative PR model carrying capacity prior information was used, Bayesian
posterior distributions did not change considerably when compared to uninformative
distributions. For some CUs, such as Shuswap-ES, PR model spawner abundances at
maximum juvenile production (Spax) Were much greater than those estimated from stock-
recruitment data alone, indicating that other mechanisms besides lake-rearing habitat were
limiting juvenile production. In addition juvenile production for river-type CUs that do not rear in
lakes but migrate to the ocean after gravel emergence would also not be limited by lake-rearing
habitats. These considerations were evaluated prior to the inclusion of PR S,,.« estimates as
Ricker model carrying capacity priors (Tables 3 & 4). Bodtker et al. (2007) indicated that such
considerations are important when combining information from different sources (e.g. stock-
recruitment data with PR data). Specifically, if results from these different sources are
contradictory and informative, the combined capacity estimate may be incorrect since they may
not be supported by either the stock-recruitment data or the PR data (Bodtker 2007). To
improve benchmark estimation for CUs where spawning habitat may be driving freshwater
production, rather than lake rearing habitat, spawning habitat capacity estimates should also be
developed for Fraser Sockeye CUs.

For most CUs, the method used to average last generation abundances (geometric versus
arithmetic means) generally did not affect abundance statuses, except for CUs that have
exhibited highly variable abundances across the four cycle lines in the last generation (e.g.
Shuswap-ES, Chilliwack-ES, Shuswap Complex-L, and Seton-L (de novo)). For these
exceptions, the geometric mean produced much lower recent abundance estimates, since the
high abundance (dominant) cycle line is down weighted considerably in this calculation, relative
to the three weak cycle years. Since abundances for highly cyclic CUs are lognormally
distributed (with generally three relatively low abundance cycle years and one significantly
larger abundance cycle year, per generation), the geometric mean, theoretically, should more
appropriately reflect the central tendency of a CU’s abundance. However, for Fraser Sockeye,
due to the two-tiered escapement enumeration program that uses higher precision assessment
methods on escapements greater than 75,000 (increased from 25,000 in 2004), the higher
abundance years generally are estimated more precisely than the lower abundance years,
depending on the CU and low abundance population sizes. Specifically, visually assessed
escapements tend to be biased low for populations predicted to be close to this 75,000 value,
based on recent calibration work (K. Benner, DFO, pers. comm.). Therefore, arithmetic means
of recent abundances may underestimate average abundance due to the differences in
assessment methods for populations less than or greater than 75,000. Given that the rationale
for using either the arithmetic mean or the geometric mean is equivocal, abundance metric
statuses were presented with equal consideration for both averaging methods.

For trends in abundance metrics, considerable work went into reconciling escapement time
series for the inclusion in a CUs escapement record. This was a critical step that required a
detailed understanding (through corporate knowledge and review of historical paper records) of
the history of enumeration sites. The absence of this detailed review of escapement sites, would
have resulted in biased trends in abundance status. For trends in abundance metrics, the
current paper attempts to address the complexity of the Red, Amber and Green zones for WSP
status by presenting the actual metric values and shades of these zones (depending on how
close or far to the benchmarks CU values fell) (Table 5). This approach provides more
information on the actual CU values, rather than simply presenting one of three colors for each
metric. For a large number of CUs, long-term trends in abundance were in the Green zone
(close to or above the long-term average abundance) and, in contrast, recent trends in
abundance in the last three generations, were in the Red zone (Table 5). For most of these
CUs, the recent declining trend was largely attributed to the fact that abundances were returning
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to average after a period of above average abundance in the 1990s. This metric is consistently
used by the World Conservation Union (IUCN) and the COSEWIC to determine status.
However, the case of Fraser Sockeye emphasizes the importance of placing this metric in the
context of the historical time series.

The use of four year running geometric (loge transformed) means in trends in abundance
analyses can produce trends that reflect changes in cyclic abundance rather than actual
changes in abundance. Shuswap-ES is an example of a CU that has exhibited a decreasing
trend in the last three generations (placing this CU on this metric in the WSP Red zone) that can
be attributed to changes in cyclic abundance over time rather than changes in abundance. The
changes in the generational geometric mean (used in trends in abundance status evaluations)
for this CU reflect a shift from a subtle cyclic abundance pattern at the start of the three-
generation period to the more typical, highly cyclic pattern of abundance in the most recent
generation. Since geometric means downweight dominant cycle years, relative to weak cycle
years, geometric means tend to be much lower than arithmetic means for highly cyclic CUs.
However, for periods in a CUs time series (or across CUs) where abundance does not exhibit
strong cyclical abundance, geometric means will be similar to arithmetic means. In the case of
Shuswap-ES, in the start of the three-generation trend period, the CU’s dominant cycle was
smaller, and weak cycles were larger than the typical (more highly cyclic) years that followed.
Therefore, the higher geometric mean at the start of the three generation trend times series, and
the lower geometric mean at the end of this time series, reflects the changes in cyclicity of the
CU. When arithmetic means are compared over this same period, this CU increases in
abundance rather than decreases. Therefore, caution should be used when interpreting trends
in abundance metrics when data are treated by log, transformation, since trends in abundance
may in fact reflect changes in cyclic abundance rather than actual changes in abundance.

This paper estimated benchmarks and evaluated statuses for abundance and trends in
abundance indicators (Figure 2). Distribution indicators were not considered in the current paper
for the several reasons (Figure 2). First, most Fraser Sockeye CUs are lake-type CUs, with
individual lakes being the unit of classification for a CU. Distribution indicators may not be as
necessary for Fraser Sockeye CUs that occupy a smaller freshwater geographic area, relative
to more broadly distributed non-Sockeye CUs that are organized by broader joint adaptive
zones described by Holtby and Ciruna (2007). In addition, distributional changes will be a
challenge to assess for Fraser Sockeye due to data collection methods that often preclude the
ability to track true distributional trends, other than on a coarse scale for most systems. If these
indicators of status are to be used in the future for Fraser Sockeye, they will require
considerable input from the programs currently monitoring Sockeye escapements in the Fraser
watershed, and will also require linkages to habitat indicators. Fishing mortality indicators were
the fourth indicator proposed for status evaluation by Holt et al. (2009) (Figure 2). However,
these indicators also were not considered in the current paper since they are not intrinsic
properties of the CU and generally are not required when abundance indicator information is
available, such is the case for Fraser Sockeye. The Fishing mortality indicator, in fact, might be
more appropriate for the characterization of threat to a CU, rather than for the assessment of
status. Further, for both distribution and fishing mortality indicators, appropriate benchmarks
have not yet been developed, and are the subject of on-going research.

This paper characterizes uncertainty in abundance benchmarks and revises trends in
abundance benchmarks. Statuses across the range of benchmarks developed for each
assessable CU are also presented. Typically, benchmarks are deterministic (single point)
estimates that do not incorporate uncertainties associated with the assumptions underlying the
model form used (structural uncertainty) or uncertainties in how the model fits the existing stock-
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recruitment data (stochastic uncertainty). The current paper is amongst the first to present
uncertainty in benchmarks and consequent status evaluations. These results will provide the
necessary foundation in the status aggregation process to develop a final single status for each
current and de novo (Seton-L) Fraser Sockeye CU. This work will be part of subsequent
processes and publications.
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NEXT STEPS

0 The key next step, only recently identified by DFO and not specifically required for WSP
implementation, is the development of a single status for each CU across benchmarks
and metrics for Fraser Sockeye. To start this work, DFO held an internal workshop on
June 10, 2011 to explore methods for aggregating status for Fraser Sockeye CUs.
Future workshops and publications are expected as outcomes of this next step.

o Future work is recommended for the determination if distribution indicators are required
for Fraser Sockeye status assessments. If statuses based on distribution indicators are
deemed appropriate for these CUs, then modification of existing escapement
enumeration study designs to meet the additional objective of assessing Fraser Sockeye
distributional changes through time may be required. Development of appropriate
benchmarks for distribution metrics will concurrently be required.

o To evaluate trends in abundance metrics in this paper, considerable effort went into
organizing the data, determining which sites to include or exclude, and gap filling the
time series’. Similar efforts went into the production database by the PSC. This type of
work required considerable input from various experts on the Fraser Sockeye
enumeration programs through time, and cannot be done independent of this type of
input. This paper attempts to provide the first steps in documenting the current CU
escapement data. A process for providing these time series’ in the publicly available
NuSeds escapement database was recommended during the November 15/16 2011
review of this paper. The revised time series’ would not replace existing escapement
time series’, but would be additional resources for those without expert knowledge who
require this level of data treatment for analysis.

0 The current paper updates lake rearing capacity estimates of spawner abundances that
maximize juvenile production, for use as informative priors (‘b’ parameter priors of the
Ricker model) in the abundance benchmark estimation process. However, for some
CUs, instead of lake rearing capacity, spawning ground capacity (habitat availability for
egg deposition and incubation) may be in fact what is limiting juvenile production. For
example, river-type CUs do not rear as juveniles in freshwater lakes, and therefore, will
be limited almost entirely by spawning ground capacity in freshwater. Other CUs may
have relatively small areas of spawning habitat relative to much more abundant lake
rearing habitat, and therefore, juvenile production may again be more limited by
spawning capacity instead of lake rearing. Therefore, reliable estimates of spawning
ground capacity are required to assist with developing informative priors for all Fraser
Sockeye CUs with stock-recruitment data.

ACKNOWLEDGMENTS

This work benefited from discussions with Timber Whitehouse, Keri Benner, Mike Lapointe and
Ann-Marie Huang. We also gratefully acknowledge individuals who contributed text and edits to
the threats section including David Patterson, Merran Hague, Jason Hwang, Brad Fanos, Kyle
Garver, Ann-Marie Huang, and Mike Lapointe. Finally, this paper would not be possible without
the dedicated field crews working on Fraser Sockeye in the field, laboratory and office who
provide the data and detailed understanding of this animal.

Version Date: Aug 25 2011 Submission to CSAS 98



LITERATURE CITED

Andrew, J.H. and Webb, T.M. 1987. Review and assessment of adult sockeye salmon
enumeration programs on the Fraser River. Prepared by Environmental and Social
Systems Analysis Ltd. for Fisheries and Oceans Canada, New Westminster, B.C.

Aro, K.V. 1979. Transfer of eggs and young of Pacific salmon within British Columbial.
Fish. Mar. Serv. Tech. Rep. 86. 147 pp.

Aro, K.V. and Shepard, M.P. 1967. Pacific salmon in Canada. In Salmon of the North
Pacific Ocean-Part IV. Spawning populations of North Pacific Salmon. Bull. Int. N. Pac.
Fish. Comm. 23. pp. 225-327.

Atkinson, C.E. 1944. The problem of enumerating spawning populations of sockeye
salmon. Internat. Pac. Salmon Fish. Comm. 1943: 37-44.

Babcock, J.P. 1904. Investigations in British Columbia-from the report of John Pease
Babcock, Provincial Fish Commissioner. In Pacific Fisherman 1l (8) (August 1904). 21

pp.

Balcke, A. 2009. Alouette River sockeye trap and truck Maple Ridge BC 2008-2009.
Report prepared for BC Hydro Bridge Coastal Fish and Wildlife Restoration Program. 18

pp.

Beacham, T.D., Candy, J.R., McIntosh, B., MacConnachie, C., Tabata, A., Kaukinen,
K., Deng, L., Miller, K.M., Withler, R.E., and Varnavskaya, N. 2005. Estimation of stock
composition and individual identification of sockeye salmon on a Pacific Rim basis using
microsatellite and major histocompatibility complex variation. Trans. Am. Fish. Soc. 134:
1124-1146.

Beacham, T.D., Lapointe, M., Candy, J.R., McIntosh, B., MacConnachie, C., Tabata, A.,
Kaukinen, K., Deng, L., Miller, K.M., and Withler, R.E. 2004. Stock identification of
Fraser River sockeye salmon using microsatellites and major histocompatibility complex
variation. Trans. Am. Fish. Soc. 133: 1117-1137.

Beamish, R.J., Benson, A.J., Sweeting, R.M., and Neville, C.M. 2004a. Regimes and
the history of the major fisheries off Canada's west coast. Prog. Oceanogr. 60: 355-385.

Beamish, R.J. and Mahnken, C. 2001. A critical size and period hypothesis to explain
natural regulation of salmon abundance and the linkage to climate and climate change.
Prog. Oceanogr. 49: 423-437.

Beamish, R.J., Neville, C.E.M., and Cass, A.J. 1997. Production of Fraser River
sockeye salmon (Oncorhynchus nerka) in relation to decadal-scale changes in the
climate and the ocean. Can. J. Fish. Aquat. Sci. 54: 543-554.

Version Date: Aug 25 2011 Submission to CSAS 99



Beamish, R.J., Noakes, D.J., McFarlane, G.A., Klyashtorin, L., lvanov, V.V., and
Kurashov, V. 1999. The regime concept and natural trends in the production of Pacific
salmon. Can. J. Fish. Aquat. Sci. 56: 516-526.

Beamish, R.J., Schnute, J.T., Cass, A.J., Neville, C.M., and Sweeting, R.M. 2004b. The
influence of climate on the stock and recruitment of pink and sockeye salmon from the
Fraser River, British Columbia, Canada. Trans. Am. Fish. Soc. 133: 1396-1412.

Beamish, R.J., Sweeting, R.M., and Neville, C.M. 2004c. Improvement of juvenile
Pacific salmon production in a regional ecosystem after the 1998 climatic regime shift.
Trans. Am. Fish. Soc. 133: 1163-1175.

Birtwell, 1.K., Nassichuk, M.D., and Buene, H. 1987. Underyearling sockeye salmon
(Oncorhynchus nerka) in the estuary of the Fraser River. In Sockeye salmon
(Oncorhynchus nerka) population biology and future management. Edited by H.D.
Smith, L. Margolis, and C.C. Wood. Can. Spec. Pub. Fish. Aquat. Sci. 96, pp. 25-35.

Bodtker, K.M., Peterman, R.M., and Bradford, M.J. 2007. Accounting for uncertainty in
estimates of escapement goals for Fraser River sockeye salmon based on productivity
of nursery lakes in British Columbia, Canada. N. Am. J. Fish. Manage. 27: 286-302.

Bradford, M.J. 1995. Comparative review of Pacific salmon survival rates. Can. J. Fish.
Aquat. Sci. 52: 1327-1338.

Bradford, M.J., Hume, J.M., Withler, R.E., Lofthouse, D., Barnetson, S., Grant, S.C.H.,
Folkes, M., Schubert, N.D., and Huang, A.-M. 2010a. Status of Cultus Lake sockeye
salmon. DFO Can. Sci. Advis. Sec. Res. Doc. 2010/123. vi + 44 pp.

Bradford, M.J. and Irvine, J.R. 2000. Land use, fishing, climate change, and the decline
of Thompson River, British Columbia, coho salmon. Can. J. Fish. Aquat. Sci. 57: 13-16.

Bradford, M.J., Lovy, J., and Patterson, D.A. 2010b. Infection of gill and kidney of Fraser
River sockeye salmon, Oncorhynchus nerka, by Parvicapsula minibicornis and its effect
on host physiology. J. Fish Dis. 33: 769-779.

Bradford, M.J., Lovy, J., Patterson, D.A., Speare, D.J., Bennett, W.R., Stobbart, A.R.,
and Tovey, C.P. 2010c. Parvicapsula minibicornis infections in gill and kidney and the
premature mortality of adult sockeye salmon (Oncorhynchus nerka) from Cultus Lake,
British Columbia. Can. J. Fish. Aquat. Sci. 67: 673-683.

Bradford, M.J., Pyper, B.J., and Shortreed, K.S. 2000. Biological responses of sockeye
salmon to the fertilization of Chilko Lake, a large lake in the interior of British Columbia.
N. Am. J. Fish. Manage. 20: 661-671.

Bradford, M.J., Tovey, C.P., and Herborg, L.-M. 2008a. Biological risk assessment for
northern pike (Esox lucius), pumpkinseed (Lepomis gibbosus), and walleye (Sander
vitreus) in British Columbia. Can. Sci. Advis. Sec. Res. Doc. 2008/074. viii + 46.

Version Date: Aug 25 2011 Submission to CSAS 100



Bradford, M.J., Tovey, C.P., and Herborg, L.-M. 2008b. Biological risk assessment for
yellow perch (Perca flavescens) in British Columbia. Can. Sci. Advis. Sec. Res. Doc.
2008/073. vi + 21.

Brannon, E.L. 1965. Observations of sockeye salmon in Cultus Lake. Int. Pac. Sal. Fish.
Comm. Unpublished Report. 5 pp.

Brett, J.R. 1971. Energetic responses of salmon to temperature. A study of some
thermal relations in the physiology and freshwater ecology of sockeye salmon
(Oncorhynchus nerka). Am. Zool. 11: 99-113.

Burgner, R.L. 1991. Life history of sockeye salmon (Oncorhynchus nerka). In Pacific
salmon life histories. Edited by C. Groot and L. Margolis. University of British Columbia
Press, Vancouver, BC., pp. 3-117.

Cass, A.J. and Grout, J.A. 2006. Workshop to assess population dynamics of cyclic
Fraser River sockeye and implications for management. DFO Can. Sci. Advis. Sec.
Proceed. Ser. 2006/004. iv + 18 pp.

Cass, A.J. and Wood, C.C. 1994. Evaluation of the depensatory fishing hypothesis as
an explanation for population-cycles in Fraser River sockeye salmon (Oncorhynchus
nerka). Can. J. Fish. Aquat. Sci. 51: 1839-1854.

Cave, J.D. 1988. The contribution of environment and heredity to differences in
freshwater growth between Birkenhead River and Weaver Creek sockeye salmon
(Oncorhynchus nerka). M. Sc. Thesis, University of British Columbia, Vancouver, B. C.
98 pp.

Collie, J.S. and Walters, C.J. 1987. Alternative recruitment models of Adams River
sockeye salmon, Oncorhynchus nerka. Can. J. Fish. Aquat. Sci. 44: 1551-1561.

Cone, T.E. 1999. Estimation of the 1994 sockeye salmon (Oncorhynchus nerka)
escapement to the Horsefly system. Can. Man. Rep. Fish. Aquat. Sci. 2492. xi + 53 pp.

Cooke, S.J., Hinch, S.G., Farrell, A.P., Lapointe, M.F., Jones, S.R.M., Macdonald, J.S.,
Patterson, D.A., Healey, M.C., and Van Der Kraak, G. 2004. Abnormal migration timing
and high en route mortality of sockeye salmon in the Fraser River, British Columbia.
Fisheries 29: 22-33.

Cooper, A.C. and Henry, K.A. 1962. The history of the Early Stuart sockeye run.
Internat. Pacific Salmon Fish. Comm. Prog. Rep. No. 10. 48 pp.

COSEWIC 2003. COSEWIC assessment and status report on the sockeye salmon
Oncorhynchus nerka (Cultus population) in Canada. Committee on the Status of
Endangered Wildlife in Canada, Ottawa, ON. ix + 57 pp.

Version Date: Aug 25 2011 Submission to CSAS 101



Cox-Rogers, S., Hume, J.M., Shortreed, K.S., and Spilsted, B. 2010. A risk assessment
model for Skeena River sockeye salmon. Can. Man. Rep. Fish. Aquat. Sci. 2920. viii +
60 pp.

Craig, J.K. and Foote, C.J. 2001. Countergradient variation and secondary sexual color:
phenotypic convergence promotes genetic divergence in carotenoid use between
sympatric anadromous and nonanadromous morphs of sockeye salmon (Oncorhynchus
nerka). Evolution 55: 380-391.

Crossin, G.T., Hinch, S.G., Cooke, S.J., Welch, D.W., Patterson, D.A., Jones, S.R.M.,
Lotto, A.G., Leggatt, R.A., Mathes, M.T., Shrimpton, J.M., Van Der Kraak, G., and
Farrell, A.P. 2008. Exposure to high temperature influences the behaviour, physiology,
and survival of sockeye salmon during spawning migration. Can. J. Zoolog 86: 127-140.

Crozier, L.G., Zabel, R.W., Hockersmith, E.E., and Achord, S. 2010. Interacting effects
of density and temperature on body size in multiple populations of Chinook salmon. J.
Anim. Ecol 79: 342-349.

Cultus Sockeye Recovery Team. 2009. National conservation strategy for Cultus Lake
Sockeye salmon (Oncorhynchus nerka). Can. Tech. Rep. Fish. Aquat. Sci. 2846. vii +
46 pp.

Dorner, B., Peterman, R.M., and Haeseker, S.L. 2008. Historical trends in productivity of
120 Pacific pink, chum, and sockeye salmon stocks reconstructed by using a Kalman
filter. Can. J. Fish. Aquat. Sci. 65: 1842-1866.

Downing, J.A., Plante, C., and Lalonde, S. 1990. Fish production correlated with primary
productivity, not the morphoedaphic index. Can. J. Fish. Aquat. Sci. 47: 1929-1936.

English, K.K., Koski, W.R., Sliwinski, C., Blakley, A., Cass, A., and Woodey, J.C. 2005.
Migration timing and river survival of late-run Fraser River sockeye salmon estimated
using radiotelemetry techniques. Trans. Am. Fish. Soc. 134: 1342-1365.

Fee, E.J., Stainton, M.P., and Kling, H.J. 1985. Primary production and related
limnological data for some lakes of the Yellowknife, N.W.T. region. Can. Tech. Rep.
Fish. Aquat. Sci. 1409. v + 55 pp.

Ferrari, M., Miller, J.R., and Russell, G.L. 2007. Modeling changes in summer
temperature of the Fraser River during the next century. J. Hydrol. 342: 336-346.

Fisheries and Oceans Canada. 1998. The 1997 Fraser sockeye cycle. DFO Sci. Stock
Status Rep. D6-01. 5 pp.

Fisheries and Oceans Canada 1999. Lower Fraser Valley Streams Strategic Review:
Lower Fraser Valley Stream Review, Vol. 1. Fraser River Action Plan, Fisheries and
Oceans Canada. 487 pp.

Version Date: Aug 25 2011 Submission to CSAS 102



Fisheries and Oceans Canada 2005. Canada's Policy for Conservation of Wild Pacific
Salmon. Fisheries and Oceans Canada, Vancouver, BC. 34 pp.

Fisheries and Oceans Canada. 2010. Assessment of Cultus Lake sockeye salmon
status in 2009 and evaluation of recent recovery activities. DFO Can. Sci. Advis. Sec.
Sci. Advis. Rep. 2010/056. 7 pp.

Foerster, R.E. 1968. The Sockeye Salmon, Oncorhynchus nerka. Bull. Fish. Res. Board
Can. 162. 422 pp.

Foote, C.J., Moore, K., Stenberg, K., Craig, K.J., Wenburg, J.K., and Wood, C.C. 1999.
Genetic differentiation in gill raker number and length in sympatric anadromous and
nonanadromous morphs of sockeye salmon, Oncorhynchus nerka. Environ. Biol. Fish.
54: 263-274.

Foreman, M.G.G., Lee, D.K., Morrison, J., Macdonald, S., Barnes, D., and Williams, I.V.
2001. Simulations and retrospective analyses of Fraser watershed flows and
temperatures. Atmos. Ocean 39: 89-105.

Forrester, C.R. 1987. Distribution and abundance of Sockeye Salmon (Oncorhynchus
nerka). Can. Spec. Publ. Fish. Aquat. Sci. 96: 2-10.

French, R., Bilton, H., Osako, M., and Hartt, A. 1976. Distribution and origin of sockeye
salmon (Oncorhynchus nerka) in offshore waters of the North Pacific Ocean. Inter. Pac.
Salmon Fish. Comm. 34., pp. 1365-1374.

Fretwell, M.R. 1980. Migration of adult Sockeye at Seton Creek Hydroelectric plant in
1979. Internat. Pac. Salmon Fish. Comm. Bull. XXV. 38 pp.

Gaboury, M.N. and Bocking, R.C. 2004. Feasibility of reintroducing sockeye and other
species of Pacific Salmon into the Alouette Reservoir, BC. Report prepared for Alouette
River Management Society, Maple Ridge, BC. 105 pp.

Geen, G.H. and Andrew, F.J. 1961. Limnological changes in Seton Lake resulting from
hydroelectric diversions. Internat. Pac. Salmon Fish. Comm. No. 8. New Westminster,
B.C.

Gilhousen, P. 1990. Prespawning mortalities of sockeye salmon in the Fraser River
system and possible causal factors. Int. Pac. Salmon Fish. Comm. Bull. XXVI. 58 pp.

Gilhousen, P. 1992. Estimation of Fraser River Sockeye escapements from commercial
harvest data, 1892-1944. Inter. Pac. Salmon Fish. Comm. Bulletin 27.

Goniea, T.M., Keefer, M.L., Bjornn, T.C., Peery, C.A., Bennett, D.H., and Stuehrenberg,
L.C. 2006. Behavioral thermoregulation and slowed migration by adult fall Chinook
salmon in response to high Columbia River water temperatures. Trans. Am. Fish. Soc.
135: 408-419.

Version Date: Aug 25 2011 Submission to CSAS 103



Grant, S.C.H., Michielsens, C.G.J., Porszt, E.J., and Cass, A.J. 2010. Pre-season run
size forecasts for Fraser Sockeye (Oncorhynchus nerka) in 2010. Can. Sci. Advis. Sec.
Res. Doc. 2010/042. vi +127 pp.

Grant, S.C.H. and Ross, P.S. 2002. Southern resident killer whales at risk: toxic
chemicals in the British Columbia and Washington environment. Can. Tech. Rep. Fish.
Aquat. Sci. 2412. xii + 111 pp.

Greig, S.M., Sear, D.A., and Carling, P.A. 2007. A review of factors influencing the
availability of dissolved oxygen to incubating salmonid embryos. Hydrol. Process 21:
323-334.

Groot, C. and Cooke, K. 1987. Are the migrations of juvenile and adult Fraser River
Sockeye salmon (Oncorhynchus nerka) in near-shore waters related? In Sockeye
salmon (Oncorhynchus nerka) population biology and future management. Edited by
H.D. Smith, L. Margolis, and C.C. Wood. Can. Spec. Publ. Fish. Aquat. Sci. 96., pp. 53-
60.

Groot, C. and Quinn, T.P. 1987. Homing migration of sockeye salmon (Oncorhynchus
nerka) to the Fraser River. Fish. Bull. (U. S.) 85: 455-4609.

Haeseker, S.L., Peterman, R.M., and Su, Z.M. 2008. Retrospective evaluation of
preseason forecasting models for sockeye and chum salmon. N. Am. J. Fish. Manage.
28: 12-29.

Hart, J.L. 1973. Pacific fishes of Canada. Bull. Fish. Res. Board Can. 180. Ottawa, ON.
740 pp.

Healey, M.C. 1980. The ecology of juvenile salmon in Georgia Strait, British Columbia.
In Salmon Ecosystems of the North Pacific. Edited by W.J. McNeil and D.C. Himsworth.
Oregon State University Press, Corvallis, OR. pp. 203-229.

Healy, M. 2002. Personal Communication. Professor, Department of Biology, University
of British Columbia, Vancouver, B.C.

Henderson, M.A., Diewert, R.E., Hume, J.M., Shortreed, K.S., Levy, D., and Morton,
K.F. 1991. The carrying capacity of Pitt Lake for juvenile sockeye salmon
(Oncorhynchus nerka). Can. Tech. Rep. Fish. Aquat. Sci 1797. xiii + 161 pp.

Hinch, S.G. 2009. Proceedings of the Conference on Early Migration and Premature
Mortality in Fraser River Late-Run Sockeye Salmon. Pac. Fish. Res. Cons. Council.
Vancouver, B.C. 120 pp.

Hinch, S.G. and Rand, P.S. 2000. Optimal swimming speeds and forward-assisted
propulsion: energy-conserving behaviours of upriver-migrating adult salmon. Can. J.
Fish. Aquat. Sci. 57: 2470-2478.

Version Date: Aug 25 2011 Submission to CSAS 104



Holt, C.A. 2009. Evaluation of benchmarks for Conservation Units in Canada's Wild
Salmon Policy: technical documentation. Can. Sci. Advis. Sec. Res. Doc. 2009/059. xii
+ 50 pp.

Holt, C.A., Cass, A., Holtby, B., and Riddell, B. 2009. Indicators of status and
benchmarks for Conservation Units in Canada's Wild Salmon Policy. Can. Sci. Advis.
Sec. Res. Doc. 2009/058. vii + 74 pp.

Holt, C.A. and Peterman, R.M. 2004. Long-term trends in age-specific recruitment of
sockeye salmon (Oncorhynchus nerka) in a changing environment. Can. J. Fish. Aquat.
Sci. 61: 2455-2470.

Holtby, L.B. 2011. A synoptic approach for assessing the conservation status of Pacific
Salmo on a Regional basis. Can. Sci. Advis. Sec. Res. Doc. 2011/P23 (in prep.). viii +
60 pp.

Holtby, L.B. and Ciruna, K.A. 2007. Conservation Units for Pacific Salmon under the
Wild Salmon Policy. Can. Sci. Advis. Sec. Res. Doc. 2007/070. viii + 350 pp.

Houtman, R. and Cone, T.E. 1995. Estimation of the 1995 Horsefly River system
sockeye salmon (Oncorhynchus nerka) escapement. Can. Manuscr. Rep. Fish. Aquat.
Sci. 2535. vii + 45 pp.

Houtman, R., Tadey, J.A., and Schubert, N.D. 2000. Estimation of the 1995 Birkenhead
River sockeye salmon (Oncorhynchus nerka) escapement. Can. Manuscr. Rep. Fish.
Aquat. Sci. 2534. vii + 39 pp.

Howard, G.V. 1948. Problems in the enumeration of populations of sockeye salmon.
Part 1. A study of tagging methods in the enumeration of sockeye salmon populations.
Int. Pac. Salmon Fish. Comm. Bull. 2. 66 pp.

Hume, J.M.B., Morton, K.F., Lofthouse, D., MacKinlay, D., Shortreed, K.S., Grout, J.,
and Volk, E. 2003. Evaluation of restoration efforts on the 1996 Upper Adams River
sockeye salmon run. Can. Tech. Rep. Fish. Aquat. Sci. 2466. vi + 57 pp.

Hume, J.M.B., Shortreed, K.S., and Morton, K.F. 1996. Juvenile sockeye rearing
capacity of three lakes in the Fraser River system. Can. J. Fish. Aquat. Sci. 53: 719-
733.

International Pacific Salmon Fisheries Commission 1972. Proposed program for
restoration and extension of the sockeye and pink salmon stocks of the Fraser River. 91

pp.

Johannessen, D.l. and Ross, P.S. 2002. Late-run sockeye at risk: an overview of
environmental contaminants in Fraser River salmon habitat. Can. Tech. Rep. Fish.
Aquat. Sci. 2429. x + 108 pp.

Version Date: Aug 25 2011 Submission to CSAS 105



Kjelson, M.A. and Brandes, P.L. 1989. The use of smolt survival estimates to quantify
the effects of habitat changes on salmonid stocks in the Sacramento-San Joaquin
Rivers, California. In Proceedings of the National Workshop on Effects of Habitat
Alteration on Salmonid Stocks. Canadian Special Publication of Fisheries and Aquatic
Sciences 105: 110-115. Edited by C.D. Levings, L.B. Holtby, and M.A. Henderson.

Koenings, J.P. and Burkett, R.D. 1987. Population characteristics of sockeye salmon
(Oncorhynchus nerka) smolts relative to temperature regimes, euphotic volume, fry
density and forage base within Alaska lakes. In Sockeye Salmon (Oncorhynchus nerka)
Population Biology and Future Management. Edited by H.D. Smith, L. Margolis, and
C.C. Wood. pp. 216-234.

Lapointe, M., Cooke, S.J., Hinch, S.G., Farrell, A.P., Jones, S., Macdonald, S.,
Patterson, D.A., Healey, M.C., and Van Der Kraak, G. 2003. Late-run sockeye salmon
in the Fraser River, British Columbia, are experiencing early upstream migration and
unusually high rates of mortality - what is going on? Georgia Basin/Puget Sound
Research Conference, Vancouver, B.C. 14 pp.

Larkin, P.A. 1971. Simulation studies of the Adams River sockeye salmon,
Oncorhynchus nerka. J. Fish. Res. Board Can 28: 1493-1502.

Levasseur, M., Bergeron, N.E., Lapointe, M.F., and Berube, F. 2006. Effects of silt and
very fine sand dynamics in Atlantic salmon (Salmo salar) redds on embryo hatching
success. Can. J. Fish. Aquat. Sci. 63: 1450-1459.

Levy, D., Woodey, J., and Hardy, L. 2007. Stuart area sockeye salmon runs and their
importance to the First Nations of the upper Fraser River watershed. Prince George,
B.C. vi + 87 pp.

Levy, D.A. and Wood, C.C. 1992. Review of proposed mechanisms for sockeye salmon
population cycles in the Fraser River. B. Math. Biol. 54: 241-261.

Macdonald, J.S., Foreman, M.G.G., Farrell, T., Williams, 1.V., Grout, J., Cass, A.,
Woodey, J.C., Enzenhofer, H., Clarke, W.C., Houtman, R., Donaldson, E.M., and
Barnes, D. 2000. The influence of extreme water temperatures on migrating Fraser
River sockeye salmon (Oncorhynchus nerka) during the 1998 spawning season. Can.
Tech. Rep. Fish. Aquat. Sci. 2326. xiv + 117 pp.

Macdonald, J.S., Morrison, J., Patterson, D.A., Heinonen, J., and Foreman, M. 2007.
Examination of factors influencing Nechako River discharge, temperature, and aquatic
habitats. Can. Tech. Rep. Fish. Aquat. Sci. 2773. viii + 32 pp.

Macdonald, J.S., Patterson, D.A., Hague, M.J., and Guthrie, 1.C. 2010. Modeling the
influence of environmental factors on spawning migration mortality for sockeye salmon
fisheries management in the Fraser River, British Columbia. Trans. Am. Fish. Soc. 139:
768-782.

Version Date: Aug 25 2011 Submission to CSAS 106



Macdonald, J.S., Scrivener, J.C., and Smith, G. 1992. The Stuart-Takla
Fisheries/Forestry Interaction Project: Study Description and Design. Can. Tech. Rep.
Fish. Aquat. Sci. 1899. vii + 39 pp.

MacLellan, S.G. and Hume, J.M. 2010. An evaluation of methods used by the
freshwater ecosystems section for pelagic fish surveys of sockeye rearing lakes in
British Columbia. Can. Tech. Rep. Fish. Aquat. Sci. 2886. v + 68 pp.

Mantua, N.J., Hare, S.R., Zhang, Y., Wallace, J.M., and Francis, R.C. 1997. A Pacific
interdecadal climate oscillation with impacts on salmon production. Bull. Am. Meteorol.
Soc. 78: 1069-1080.

Martell, S.J.D., Walters, C.J., and Hilborn, R. 2008. Retrospective analysis of harvest
management performance for Bristol Bay and Fraser River sockeye salmon
(Oncorhynchus nerka). Can. J. Fish. Aquat. Sci. 65: 409-424.

Martins, E.G., Hinch, S.G., Patterson, D.A., Hague, M.J., Cooke, S.J., Miller, K.M.,
Lapointe, M.F., English, K.K., and Farrell, A.P. 2011. Effects of river temperature and
climate warming on stock-specific survival of adult migrating Fraser River sockeye
salmon (Oncorhynchus nerka). Glob. Change Biol. 17 (1): 99-114.

Mathes, M.T., Hinch, S.G., Cooke, S.J., Crossin, G.T., Patterson, D.A., Lotto, A.G., and
Farrell, A.P. 2010. Effect of water temperature, timing, physiological condition, and lake
thermal refugia on migrating adult Weaver Creek sockeye salmon (Oncorhynchus
nerka). Can. J. Fish. Aquat. Sci. 67: 70-84.

Mathews, M. and Bocking, R. 2007. Evaluation of the migration success of O. nerka
(kokanee/sockeye) from the Alouette Reservoir. B. C. Hydro's Bridge Coastal Fish and
Wildlife Restoration Program Report. 07. ALU. 01. iii + 21 pp.

McDaniels, T., Wilmot, S., Healey, M., and Hinch, S. 2010. Vulnerability of Fraser River
sockeye salmon to climate change: a life cycle perspective using expert judgements. J.
Environ. Manage. 91: 2771-2780.

McPhail, J.D. 2007. The freshwater fishes of British Columbia. University of Alberta
Press, Edmonton, Alberta.

Miller, R.J. and Brannon, E.L. 1982. The origin and development of life history patterns
in Pacific salmonids. In Proceedings of the Salmon and Trout Migratory Behavior
Symposium. Edited by E.L. Brannon and E.O. Salo. School of Fisheries, University of
Washington, Seattle, WA. pp. 296-309.

Morrison, J., Quick, M.C., and Foreman, M.G.G. 2002. Climate change in the Fraser
River watershed: flow and temperature predictions. J. Hydrol. 263: 230-244.

Morton, K.F. and Williams, 1.V. 1990. Sockeye salmon (Oncorhynchus nerka) utilization
of Quesnel Lake, British Columbia. Can. Tech. Rep. Fish. Aquat. Sci. 1756. iv + 29 pp.

Version Date: Aug 25 2011 Submission to CSAS 107



Mueter, F.J., Pyper, B.J., and Peterman, R.M. 2005. Relationships between coastal
ocean conditions and survival rates of northeast Pacific salmon at multiple lags. Trans.
Am. Fish. Soc. 134: 105-119.

Mueter, F.J., Ware, D.M., and Peterman, R.M. 2002. Spatial correlation patterns in
coastal environmental variables and survival rates of salmon in the north-east Pacific
Ocean. Fish. Oceanogr. 11: 205-218.

Myers, R.A., Mertz, G., Bridson, J.M., and Bradford, M.J. 1998. Simple dynamics
underlie sockeye salmon (Oncorhynchus nerka) cycles. Can. J. Fish. Aquat. Sci. 55:
2355-2364.

Neitzel, D.A. and Becker, C.D. 1985. Tolerance of eggs, embryos, and alevins of
chinook salmon to temperature changes and reduced humidity in dewatered redds.
Trans. Am. Fish. Soc. 114: 267-273.

Nelitz, M.A., Maclsaac, E.A., and Peterman, R.M. 2007. A science-based approach for
identifying temperature-sensitive streams for rainbow trout. N. Am. J. Fish. Manage. 27:
405-424.

Nelitz, M.A., Porter, M., Bennett, K., Werner, A., Bryan, K., Poulsen, F., and Carr, D.
2009. In Pacific Climate Impacts Consortium. Prepared by ESSA Technologies Ltd. and
Pacific Climate Impacts Consortium for Fraser Salmon and Watersheds Program, B.C.
Ministry Environment, and Pacific Fisheries Resource Conservation Council., pp. 1-42.

Nelson, R.J. and Wood, C.C. 2007. Assessment of the genetic relationship among
sockeye salmon and kokanee populations of the lower Mainland of British Columbia:
implications for establishment of an anadromous sockeye run in the Coquitlam
watershedl. Bridge Coastal Fish and Wildlife Restoration Program. 17 pp.

Northcote, T.G. and Larkin, P.A. 1989. The Fraser River: A major salmonine production
system. In Proceedings of the International Large River Symposium (LARS). Can. Spec.
Pub. Fish. Aquat. Sci. 106: 172-204. Edited by D.P. Dodge.

Patterson, D.A. and Hague, M.J. 2007. Evaluation of long range summer forecasts of
Lower Fraser River discharge and temperature conditions. Can. Tech. Rep. Fish. Aquat.
Sci. 2754. vii + 34 pp.

Patterson, D.A., Macdonald, J.S., Skibo, K.M., Barnes, D.P., Guthrie, I., and Hills, J.
2007a. Reconstructing the summer thermal history for the Lower Fraser River, 1941 to
2006, and implications for adult sockeye salmon (Oncorhynchus nerka) spawning
migration. Can. Tech. Rep. Fish. Aquat. Sci. 2724. vi + 43 pp.

Patterson, D.A., Skibo, K.M., Barnes, D.P., Hills, J.A., and Macdonald, J.S. 2007b. The
influence of water temperature on time to surface for adult sockeye salmon carcasses
and the limitations in estimating salmon carcasses in the Fraser River, British Columbia.
N. Am. J. Fish. Manage. 27: 878-884.

Version Date: Aug 25 2011 Submission to CSAS 108



Peterman, R.M., Marmorek, D., Beckman, B., Bradford, M., Lapointe, M., Mantua, N.,
Riddell, B., Scheuerell, M., Staley, M., Wieckowski, K., Winton, J., and Wood, C. 2010.
Synthesis of evidence from a workshop on the decline of Fraser River sockeye. June
15-17, 2010, Nanaimo, BC., Report prepared for: Pacific Salmon Commission,
Vancouver, BC.

Peterman, R.M., Pyper, B.J., and Grout, J.A. 2000. Comparison of parameter estimation
methods for detecting climate-induced changes in productivity of Pacific salmon
(Oncorhynchus spp.). Can. J. Fish. Aquat. Sci. 57: 181-191.

Peterman, R.M., Pyper, B.J., and MacGregor, B.W. 2003. Use of the Kalman filter to
reconstruct historical trends in productivity of Bristol Bay sockeye salmon
(Oncorhynchus nerka). Can. J. Fish. Aquat. Sci. 60: 809-824.

Pike, R.G., Spittlehouse, D.L., Benett, K.E., Egginton, V.N., Tschaplinski, P.J., Murdock,
T.Q., and Werner, A.T. 2008. Climate change and watershed hydrology part | - recent
and projected changes in British Columbia 11 (2) (Spring 2008): pp. 1-4.

Pollard, W.R., Hartman, G.F., Groot, C., and Edgell, P. 1997. Field identification of
coastal juvenile salmonids. Harbour Publishing, Madeira Park, B.C., Canada.

Porszt, E.J. An evaluation of criteria for assessing conservation status of Fraser
Sockeye Conservation Units. M.R.M. thesis, School of Resource and Environmental
Management, Simon Fraser University, Burnaby, B.C. xiii + 104 pp.

Quinn, T.P. and Adams, D.J. 1996. Environmental changes affecting the migratory
timing of American shad and sockeye salmon. Ecology 77: 1151-1162.

Quinn, T.P., Hodgson, S., and Peven, C. 1997. Temperature, flow, and the migration of
adult sockeye salmon (Oncorhynchus nerka) in the Columbia River. Can. J. Fish. Aquat.
Sci. 54: 1349-1360.

Rahel, F.J. 2002. Homogenization of freshwater faunas. Ann. Rev. Ecol. Syst. 33: 291-
315.

Rand, P. S. 2008. IUCN Red List of threatened species. http://www.iucnredlist.org/. Last
accessed: 23-8-2011.

Ricker, W.E. 1950. Cycle dominance among the Fraser sockeye. Ecology 31: 6-26.

Ricker, W.E. 1975. Computation and interpretation of biological statistics of fish
populations. Fish. Res. Board Can. Bull. 191. 382 pp.

Ricker, W.E. 1997. Cycles of abundance among Fraser River sockeye salmon
(Oncorhynchus nerka). Can. J. Fish. Aquat. Sci. 54: 950-968.

Version Date: Aug 25 2011 Submission to CSAS 109


http://www.iucnredlist.org/�

Roberge, M., Slaney, T., and Minns, C.K. 2001. Life history characteristics of freshwater
fishes occurring in British Columbia, with major emphasis on lake habitat
characteristics. Can. Manuscr. Rep. Fish. Aquat. Sci. 2574. x + 189 pp.

Rodenhuis, D., Bennett, K.E., and Werner, A.T. 2007. Pacific Climate Impacts
Consortium. University of Victoria, Victoria, B.C. 132 pp.

Rood, K.M. and Hamilton, R.E. 1995. Hydrology and water use for salmon streams in
the Harrison habitat management area, British Columbia. Can. Manuscr. Rep. Fish.
Aquat. Sci. 2293. 137 pp.

Roos, J.F. 1991. Restoring Fraser River salmon: A history of the International Pacific
Salmon Fisheries Commission 1937-1985. Internat. Pac. Salmon Fish. Comm.,
Vancouver, B.C.

Roscoe, D.W. and Hinch, S.G. 2008. Fishway passage, water diversion and warming
temperatures: factors limiting successful spawning migration of Seton-Anderson
watershed sockeye salmon2. Final Report for the Bridge Coastal Restoration Program.
Project 07.BRGO1. 99 pp.

Schaefer, M.B. 1951. A study of the spawning populations of sockeye salmon in the
Harrison River system, with special reference to the problems of enumeration by means
of marked members. Int. Pac. Salmon Fish. Comm. Bull. IV. 207 pp.

Schreier, H., Brown, S.J., and Hall, K.J. 1991. Chapter 4. The land-water interface in
the Fraser River Basin. In Water in sustainable development: exploring our common
future in the Fraser River Basin. Edited by A.H.J. Dorcey and J.R. Griggs. pp. 77-113.

Schubert, N.D. 1998. The 1994 Fraser River sockeye salmon (Oncorhynchus nerka)
escapement. Can. Tech. Rep. Fish. Aquat. Sci. 2201. ix + 62 pp.

Schubert, N.D. 2000. The 1994 Stellako River sockeye salmon (Oncorhynchus nerka)
escapement: evaluation of pooled Peterson and stratified mark-recapture estimates of a
known population. Can. Tech. Rep. Fish. Aquat. Sci. 2303. x + 56 pp.

Schubert, N.D. 2007. Estimating the 1995 Fraser River sockeye salmon (Oncorhynchus
nerka) escapement. Can. Tech. Rep. Fish. Aquat. Sci. 2737. x + 81 pp.

Schubert, N.D., Beacham, T.D., Cass, A.J., Cone, T.E., Fanos, B.P., Foy, M., Gable,
G.H., Grout, J.A., Hume, J.M.B., Johnson, M., Morton, K.F., Shortreed, K.S., Staley,
M.J., and Withler, R.E. 2003. Status of Cultus Lake sockeye salmon (Oncorhynchus
nerka) . Can. Sci. Advis. Sec. Res. Doc. 2002/064. ix + 109 pp.

Schubert, N.D. and Fanos, B.P. 1997a. Estimation of the 1994 Chilko River and Chilko
Lake system sockeye salmon (Oncorhynchus nerka) escapement. Can. Man. Rep. Fish.
Aquat. Sci. 2428. xi + 54 pp.

Version Date: Aug 25 2011 Submission to CSAS 110



Schubert, N.D. and Fanos, B.P. 1997b. Estimation of the 1994 late run sockeye salmon
(Oncorhynchus nerka) escapement to the Stuart River system. Can. Manuscr. Rep.
Fish. Aquat. Sci. 2431. xiii + 66 pp.

Schubert, N.D. and Houtman, R. 2007. Estimating the 1998 Fraser River sockeye
salmon (Oncorhynchus nerka) escapement, with special reference to the effect of
migration stress on estimation accuracy. Can. Tech. Rep. Fish. Aquat. Sci. 2732. xi +
129 pp.

Schubert, N.D. and Tadey, J.A. 1997. Estimation of the 1994 Birkenhead River sockeye
salmon (Oncorhynchus nerka) escapement. Can. Manuscr. Rep. Fish. Aquat. Sci. 2399.
ix + 35 pp.

Shortreed, K.S., Hume, J.M., Morton, K.F., and MacLellan, S.G. 1998. Trophic status
and rearing capacity of smaller sockeye nursery lakes in the Skeena River system. Can.
Tech. Rep. Fish. Aquat. Sci. 2240. vi + 78 pp.

Shortreed, K.S., Hume, J.M., and Stockner, J.G. 2000. Using photosynthetic rates to
estimate the juvenile sockeye salmon rearing capacity of British Columbia lakes. In
Sustainable Fisheries Management: Pacific Salmon. Edited by E.E. Knudsen, C.R.
Steward, D.D. MacDonald, J.E. Williams, and D.W. Reiser. CRC Press LLC, Boca
Raton, New York. pp. 505-521.

Shortreed, K.S., Morton, K.F., Malange, K., and Hume, J.M. 2001. Factors limiting
sockeye production and enhancement potential for selected B.C. nursery lakes. Can.
Sci. Advis. Sec. Res. Doc. 2001/098. 69 pp.

Steen, R.P. and Quinn, T.P. 1999. Egg burial depth by sockeye salmon (Oncorhynchus
nerka): Implications for survival of embryos and natural selection on female body size.
Can. J. Zool. 77: 836-841.

Taylor, E.B., Foote, C.J., and Wood, C.C. 1996. Molecular genetic evidence for parallel
life-history evolution within a Pacific salmon (salmon and kokanee, Oncorhynchus
nerka). Evolution 50: 401-416.

Taylor, E.B., Harvey, S., Pollard, S., and Volpe, J. 1997. Postglacial genetic
differentiation of reproductive ecotypes of kokanee Oncorhynchus nerka in Okanagan
Lake, British Columbia. Molecular Ecology 6: 503-517.

Tovey, C.P., Bradford, M.J., and Herborg, L.-M. 2008. Biological risk assessment for
smallmout bass (Micropterus dolomieu) and largemouth bass (Micropterus salmoides)
in British Columbia. Can. Sci. Advis. Sec. Res. Doc. 2008/075. vi + 39 pp.

Tucker, S., Trudel, M., Welch, D.W., Candy, J.R., Morris, J.F.T., Thiess, M.E., Wallace,
C., Teel, D.J., Crawford, W., Farley Jr., E.V., and Beacham, T.D. 2009. Seasonal stock-
specific migrations of juvenile sockeye salmon along the west coast of North America:
implications for growth. Trans. Am. Fish. Soc. 138: 1458-1480.

Version Date: Aug 25 2011 Submission to CSAS 111



Wagner, G.N., Hinch, S.G., Kuchel, L.J., Lotto, A., Jones, S.R.M., Patterson, D.A.,
Macdonald, U.S., Van Der Kraak, G., Shrimpton, M., English, K.K., Larsson, S., Cooke,
S.J., Healey, M.C., and Farrell, A.P. 2005. Metabolic rates and swimming performance
of adult Fraser River sockeye salmon (Oncorhynchus nerka) after a controlled infection
with Parvicapsula minibicornis. Can. J. Fish. Aquat. Sci. 62: 2124-2133.

Walters, C. and Woodey, J.C. 1992. Genetic models for cyclic dominance in sockeye
salmon (Oncorhynchus nerka). Can. J. Fish. Aquat. Sci. 49: 281-292.

Walters, C.J. and Staley, M.J. 1987. Evidence against the existence of cyclic
dominance in Fraser River sockeye salmon (Oncorhynchus nerka). Can. Spec. Publ.
Fish. Aquat. Sci. 96., 375-384

Ward, F.J. and Larkin, P.A. 1964. Cyclic dominance in Adams River sockeye salmon.
Internat. Pac. Salmon. Fish. Comm. Prog. Rep. 11. 116 pp.

Welch, D.W., Melnychuk, M.C., Rechisky, E.R., Porter, A.D., Jacobs, M.C., Ladouceur,
A., Scott McKinley, R., and Jackson, G.D. 2009. Freshwater and marine migration and
survival of endangered Cultus Lake sockeye salmon (Oncorhynchus nerka) smolts
using POST, a large-scale acoustic telemetry array. Can. J. Fish. Aquat. Sci. 66: 736-
750.

Welch, D.W., Rechisky, E.L., Melnychuk, M.C., Porter, A.D., Walters, C.J., Clements,
S., Clemens, B.J., McKinley, R.S., and Schreck, C. 2008. Survival of migrating salmon
smolts in large rivers with and without dams. Plos Biology 6: 2101-2108.

Wilson, G., Ashley, K., Ewing, S.M., Slaney, P., and Land, R. 1999. Development of a
premier river fishery: the Big Silver Creek fertilization experiment, 1993-1997. Final
Project Report. Fisheries Project Report. RD 69. Province of B.C. Ministry of Fisheries.

Withler, F.C. 1982. Transplanting Pacific Salmon. Can. Tech. Rep. Fish. Aquat. Sci.
1079. v + 27 pp.

Withler, R.E., Le, K.D., Nelson, R.J., Miller, K.M., and Beacham, T.D. 2000. Intact
genetic structure and high levels of genetic diversity in bottlenecked sockeye salmon
(Oncorhynchus nerka) populations of the Fraser River, British Columbia, Canada. Can.
J. Fish. Aquat. Sci. 57: 1985-1998.

Wood, C.C., Foote, C.J., and Rutherford, D.T. 1999. Ecological interactions between
juveniles of reproductivley isolated anadromous and non-anadromous morphs of
sockeye salmon, Oncorhynchus nerka, sharing the same nursery lake. Env. Biol. Fishes
54:161-173.

Wood, C.C., Ridley, T., Rutherford, D.T., and Withler, R.E. 1994. Biochemical genetic
survey of sockeye salmon (Oncorhynchus nerka) in Canada. Can. J. Fish. Aquat. Sci.
51:114-131.

Version Date: Aug 25 2011 Submission to CSAS 112



Woodey, J.C. 1984. Escapement estimation in the management of Fraser River
sockeye salmon. In Proceedings of the workshop on stream indexing for salmon
escapement estimation, West Vancouver, B.C. 2-3 February 1984. Can. Tech. Rep.
Fish. Aquat. Sci. 1326. Edited by P.E.K. Symons and M. Waldichuk. pp. 121-132.

Version Date: Aug 25 2011 Submission to CSAS 113



147

SVSD 01 uoissiwans TTOZ S Bny :a1eq uoision

SUOITEIBPISUOD HIeWLDUa] 10} PSPUSLILIOIBI J0U SIe SISPOW BS8U} B10j8IY} 'SIBPOW ISLI0 [[8 LM patewlise asoy) o) aefal ybiy Ajjeansijeaiun si palewnsa Xews sy} s|gpow asay} o4 ‘T

[T T T 1T 1 [ 000'8 0090  009'S 008  OOE  00ZZ 00ST  Ov6  O19 Ot (¥002-066T) 42401
|1 | | | | oose [ 006'G 0029 00S's  000'S  00ST 00TV 0z8 099 OIS 06  OIE (v002-896T) 42301 (onoU Bp) ST-2J81IRT YUON
00028  000'SOE  000'€0Z  000'6TT ~ 000'T.  000'6ST OOO'TET 000'06 000°0S 000'62 (F00Z-€26T) 1201y S@Aeg-aAISIN0RY
000'2€T  000'S.  000'8Y  000'YE  000'.Z  000'T9 OO00'EE 000'0Z 000'ET 000'0T (00Z-£L6T) J23014-PayIo0oWS
000'TZT 000'%8 000'87  000'9E  000'6Z 0009 000°0F 000'8T 000'TT  000'Z (#002-066T) 12214 (ND paxiw mau)
000'L 00v'6 000'8ST ~ 000'00T  000'8S 0002  000'GE  000'6S 000'EE 000'ZT 000'TT 0008 (v002-€L6T) 483401 S3-si0ouei4-euIpEN
000'9T¥  000'SZE  000'66T 00076  000'Gy  00O‘EYT 000'CTT 000'0. 000'VE 000'ST (r00Z-896T) Jo01y SeAeg-anISIN0RY
000'T€  000'0Z  000)T ~ 000'TT 0006  O000'TT  000'. 000'G 000E 000 ($00Z-896T) 1834014-payIooWs
000'88  000'90¢  000'¥¢  000'9T  000'ZT  O000'EE 000')T 0009 000  000'C (#00Z-066T) 404214
00e'e 00T'Y 000°8Y 000'.¢  000'6T  000'¥T  000'CT 000'6 000y  000'€  000Z 00O'T (¥00Z-896T) 19301 [SERUEISTSET 11V
000'87  000'Z€ 00022  000'ZT  000'!T ~ 000'¢T 000'8 000 000 000 (#00Z-066T) 424214
000'€S  000'V€  000'SZ  000'6T  000'ST  000'8T 000'TT 000’2 000'S  000'C (#002-026T) 404214
000'6 00S'6 00005 000'€E  000'€Z  000'8T  000'ST 000°ST  000'6 0009  000'%  000'€ (¥002-0S6T) 4891y S3-sdoojwey]
000'9T  000'€T  000'TT 000'8  000'9 000'6 000'2 0009 000G  000‘% (¢00Z-096T) 40X014 SBARE-0AISINOBY
000'8 000'2 000'9 000'9  000'S 000'2 000'9 000'S 000'S  000'% ($00Z-056T) J23014-payIo0oWS
000'ST  000'/T  000°ZT  000'TT  000'0T 000'6 000'. 000G 000'%  000'C (700Z-066T) 423401y
000'8T  000'.T  000'YT ~ 000'€T  000'TT 000’2 000'G 000 000  000'E (#00Z-026T) 404214
00S'T 009'T 0007z 000'6T  000'ZT  000'ST  000'ET 000'9 000'S 000’ 000t  000'C (¢002-056T) 4234214 S3-uomog
uny lawwns Aje3
000'2€€  000'T9Z  000'.8T 000'TET  000'€8  000'8TZ 000'9LT 000'SET 000'Z0T 000'Z8 (#002-056T) 12301y Sakeg-anIsINOaY
000'6ET  000'ZTT  000'26 0008  000'v.  000'9ZT 000'vOT 000'G8 000Z. 000'Z9 (700Z-056T) Je3014-PayIooWs
000'Z¢T  000'24T  000'EYT  000'BET  000'8ET  000'0ET 000°9ZT 000'TTT 000'S6 000'G8 (7002-066T) 4034214
000'862  000'€9Z  000°SZZ  000'86T  000'2LT  000'YST 000'.ZT 00026 000'9L 000'€9 (¢002-0L6T) 403214
00z'02 005'92 000'20¢  000'6S2  000'8TZ  000'Z6T 000'.T  000'TTT 000'88 000'89 000'SS 000'9% (7002-086T) 483401y S 3-InajquialL-epieL
uny 1enis Ajle3
%06 %S. %0S %SC %0T  6002-900¢ %06 %S/, %0S %SZ %0T 6002-900C %06 %S %08 %S¢ %0T %06 %S.L %0S %SC %01 (sauas awn) [ppow Jun uoweAIssuo0D
[9A87 ANjiqeqoid ‘usoisen ‘usoisen dnoio Buiwi] uny
Snyels %201s
2111oW 099 anawyIly ewyouag Jaddn Jlewyouag Jamo]
(1sumeds [e101 aAnday3) (1oumeds [e10] aAnd8Y3)
(s13) aouepunqy aouepunqy

‘Sylewyouaq Jaddn pue Jamo| syl usamiaq Si 1l JI Jaquuy pue ylewyasuaq
Jaddn ayy anoge SI 11 JI Usal9) “Hrewyouag Jamo| ayl mojaq SI S13 uonelauab 1se| ayl JI pay Sl sNelS dS/M Sylewyosuaq asayl 01
uoneal ul (6002-9002) S13 uonelauab 1Sk| ay) Jo uesw dLBWOBH pue Janawyie s,ND e buedwod Ag pareneAs si snjeis dlaw
aouepungy ‘paiusasald os|e ale sytewyouaq laddn pue 1amoj Jo (s|aAs] Alljigeqoud 9406 01 %0T 9yl wolj) suonnglasip Aljigeqoad

BAIRINWND 3Y] ‘WIO0J [pOW pue ND Yoea 104 "S|apowl I19y21y ueisaAeg-aAISindal ay] pue 19x21y4-payloows ay) apnjoul ‘okaxd0s
laselH 10} Sylewyouaq a1ewnsa 01 Pasn SWIOJ [9POoW OM] [eull aY L "sweu |[9pow ayl SapIsaq S1axde.q ul pareaipul yibus| salas
awn ayl yum ‘(N ayl uo Buipuadap ‘sauas ayi ul [|spow paiyl Ajgissod pue puodas) S|apowl J19x21y paledund) pue (Sauas ay)

Ul [9pOoWi 1S11)) S|apow JaX2Iy pJepuels Sallas awin ||n} 1o) pawuasald ale syrewyouaq ‘ND yoea 104 ‘(dnawyllre snsiaA dlnawoabh)
saouepunge juadal buibelane 1oj spoylaw pue ‘(Aurenasun anseyaols) sjAa| Alljigeqoud ‘(Aurenasun [eIN1oNJS) swlioy |apow

10 abuel e ssoloe pajuasald are (ND) UUN UoNBAIBSUOD 9AaX00S Jasel 9|gessasse |Yoea 10} Sasniels Ju1awW aduepungy ‘7 a|qel



Q11T SVSD 0} uoissiwgns TT0Z G¢ Bny :81eq UoISIaN

SUOITRIBPISUOD S}IeWLDUS(] 0} PSPUSWILIODS] J0U BIe S|SPOW 33U} 810j8Ja} ‘S[SPOW JBUIO0 [[8 UiM patewnse asoy) o} aejal ybly Ajjeonsifeaiun si pajewnsa Xews sy} s|gpow asay} 1o4 ‘T

000'6Z  000'S0Z  000'Y9T  000'62T ~ 000'66  000°0¥T 000'ZTT 000'96 000'6L 000'G9 (7002-096T) 19391y Sakeg-aAISIN0BY
000'/0T  000'86 ~ 000'06 0008  000'8.  000°06 000'6. 000'29 000'8S 000'6Y ($00Z-056T) Je3014-payIooWs
000'9vZ  000'6TZ  000'Z6T 000'ZZT 000'GST ~ 000‘0ET 000'ZOT 000'6L 000'.S 000t (7002-066T) 12214
000'v2Z ~ 000'8€Z  000°Z6T ~ 000'0LT 000'ZST ~ 000'9Z 000'6G 000'€y 000'VE 000'8Z (7002-0£6T) 1aX21d
000'89 00S'28 000'¥9¢  000'S2Z  000'S6T  000'89T  000‘TST 000'89 000'€S 000y 000'€E 000°LZ (#002-056T) 1821y S-19skel4-s|0ouely
000°€69 000065  000'¥97 000'ZZ€ 000'G8T  O00'TEE 000'v6Z 000'SSC 000'ETZ 000'8ST (¥002-056T) 123014 Saheg-anisInday
000'¥8E  000'8LE  000'69E 000'8SE 000‘PYE  000'89Z 000'ESZ 000'VEC 000'60Z 000'L8T ($00Z-056T) J234214-payIo0oWs
000'TZS  000'6ES  000'9ES  000'62G 000'8TS ~ 000°T6Z 000°ESZ 000°Z0Z 000°09T 000°9ZT (7002-066T) 4034214
000'G/.  000'9EL  000'¥69 000'Z¥9 000'GT9  000'Y9T 000'6ET 000'ZTT 000'T6 000'9L (¢002-0L6T) 4234014
00S'TS 008'S6 000'508  000°Zv.  000TOZ  000‘ZE9 000009  000‘89T 000'0YT 000‘TZT 000‘00T 000'Y8 (¥002-056T) 19301
000'8G€  000'¥8Z  000'TEZ  000'Z6T 000‘Y9T  000°2LZ 000°0TZ 000'99T 000'VET 000'0TT (¥002-056T) 123014 Soheg-anisinoay
000856  000‘€0.  000'Z8F 000'9EE  000'9TZ  000°Z6E 000'¥8Z 000'60Z 000‘0ST OLE'SOT (7002-056T) 12X214-paLIoows
000'6vS  000'667 000'Wby 000'06E 000'6YE  000'ZEE 000'60E 000'VEZ 000‘OLT 000'6ZT (¢002-066T) 4234214
000'€9. 000229 000'00S 000'VT¥ 000'G9E  000°.9Z 000°88T 000'SCT 000'.8 000'9 (#002-0L6T) 4234214
00v'8€ 00T'65 000‘Tv. 000809  000'687 000'007 O000€EYE  000°.6T 000°9¥T 000'VOT 000'EL 000°'SS (700Z-056T) 12214 S-Hens-Insjquiail-epel
000°60E  000'8/Z 000'0SZ 000'€ZZ 000‘.6T 00066 000'T8 000'€9 0009y 000°'LE (¥00Z-056T) 193014 Sakeg-ansINdaY
000°€GZ  000'9EZ  000'ZZ¢  000'60Z 000°00Z ~ 000°G8 000'ZZ 000'T9 000‘TS 000ty (7002-056T) 1@X214-pauioows
000'0TE  000'S8Z  000'8Sz  000'6EZ  000'9TZ ~ 000'Z6 000'99 000'€r 000'8Z 000'TZ (7002-066T) 19214
000'70E  0007.Z 000'ZS¢ 000'SEZ  000'GTZ ~ 000°0S 000'6E 000TE 000'GZ  000°0Z (7002-0L6T) 483214
00L'sve 000's.2 000'TTE 00062 000'€L 000'2GZ 000'8€Z  000'¥S 000'Zy 000'6E O000'EE  000°'8Z (¥00z-056T) 12321y a1efaibbe S3-0xIIyD ® S-0MIIuD
uny Jswwnsg
(oustigeqoud Jou ‘onsiuiwiIap)
[T T ] ooos [T T 1T T ] ooozt - - o00'9t - - - - o00'8 - - waishs Jo Aoeded Bukied SIHoemIIYD
000'7TL  000‘TLS 000'Z8 000'2GZ 000‘Y9T  O000‘TEE 000'08Z 000'00Z 000'EZT 000'SL (v002-086T) 193491 SaAeg-aAISINOY
000°8vZ  000‘T9T  000'ETT 000’28  000'TL  OO00ET 000'6Z 000TS 000'9E  000°'LZ (7002-086T) 12X214-PaLI00Ws
000'80E  000‘T¥Z  000'SST  000'6TT  000'T6  000'8EZ 000'TOT 00028 000'YS 000'vE (¢002-066T) 4234014
00S'€T 009'79 000'/€7  000'V0E  000'86T  000'vPT O000'ETT  000'€SZ 000'9ST 000'68 00095 000'LE (7002-086T) 1aX21d s3-demsnys
000'GE  000'I€ 00022 000z 00002  000'ST 000'ET 000'0T 0008  000'S (7002-096T) 19391y Sakeg-aAISIN03Y
000°8T  000°8T  000'ZT  000'9T ~ 000'¢T ~ 000'TT 000'TT 0006 0008 0009 (7002-056T) 12X214-paIooWws
000'.Z ~ 000'’Z  000'2C  000'0z  000'6T ~ 000'ZT 000'8 0009  000'%  0OO'E (700Z-066T) 12214
000'2z  000'’z 00022  000'0z 000'6T ~ 000'ZT 000'6 000’2 0009  000'S (7002-0£6T) 1aX21d
00€'62 00z'ze 000'92 000'v2 0002 00002  000'ST 0006 000'8 0009 000G 000 (#002-0S6T) 48X91y S3-nd
panunuo) uny Jawwns Ape3
%06 %S. %0S %SZ %0T 6002-9002 %06 %S. %0S %SC %0T 6002-900C %06 %SL %0S %SC %0T %06  %S.  %0S  %SZ  %0T (sauas awn) [ppow JIUN UOIeAISSUOD
197 Aujigeqoid [9r87 Aijiqeqold dnoJo Burwi] uny
SNJelS %201S J1118W 099 SnjeIS %2015 onBWYILY rewyouag addn jrewiyouag Jamo
(Jaumeds [e10] aAnday3) (Jaumeds [e10] aAnday3) (toumeds [e10] aAnday3) (Joaumeds [e10] aAnday3)
aouepunqy aouepunqy aouepunqy aouepunqy

(uonduosap 1o} abed snoinaid 9as) panunuo) 'y ajgel



91T

SVSD 01 UoissIWAgNS TTOZ G2 BNy :81eq UoIsIan

SUOIJRIBPISUOD YIeWoua( 10} PBPUBWILIODA] JOU 88 S[8pOW 88y} d10j218Y} S|9POW JaY10 | YIm pajewiisa asoy o} aejal ybiy Ajfeansifeaiun si pajelunse Xews ayj s[apow asay) 104 T

000'62 00089 000°GS  000'0OF  000'8Z  000'9€ 000'TE 000°.Z 000ZZ 000'LT (¥00Z-056T) 19301y sakeg-aAisinday
000'vS 00026 000'TS  000'0S  000'8F  000'0E 000'9Z 000°ZZ 000'8T 000'ST (¥002-0S6T) 433%014-PaLI00WS
000'55 000'6S  000'T9  000'6G  000'2Z  000'6E 000'EE 000°9Z 000°0Z 000'ST (¥002-066T) 1234014
000'%6 00088 00008 ~ 000'EZ  000'29  000'TZ 000'.T 000'€ET 0006  000‘L (7002-0£6T) 48214
009‘€9 006'70T 000'€6 00068 000°.. 00022  000'29  000'.T 000'¢T 000‘TT 0006  000'8 (¥002-056T) 42214 J-uosiIeH-1900]|I7
000'887 ~ 000'89€  000'6TZ  000°0ZT  000‘ZL 00056 00069 0008 000'6T 000'TT +(¥002-996T) 18401y Saheg-anisindsy
000'€€T 00006 00029  000'YS  000'Sy  000'0E 000'6T 000'€ET 0006  000‘L (7002-996T) 1@Xo14-payloows
000'66 000'€9  000'€y ~ 000'Z€  000'SZ  000'ET  000'. 000'%  000Z  000'T (¥002-066T) 48214
00Z'2T 00v'0z 000‘¥T  000'€0T  000'9.  000‘T9  000'ZS  000'€Z 00O'YT  000'6 0009  000% (¥002-996T) 42x214 T-(S/N) uosiueH
000'6 000'2 000'9 000's 000's 000'€ 0007 0007 000'T 000'T (¥002-G96T) 1001y Saheg-aAisInoay
000'6 0002 000'9 000'S 000'S 000'€ 0007 000'Z 000'T 000'T (F00Z-G96T) 4240 1d-paLo0ws
000'€Z 000YT  000°0T 0002 000'9 000°. 000 0007 000'T 000'T (¥002-066T) 42214
007'T 00€'S 000'2T 000°0T 000'8 000°Z 000'9 000 000'T 000T  000'T 005 (¥002-596T) 1301 (onou ap) T-uoles
000'8Z.'T 000'ZEY'T 000'99T'T  000°0/8 000'9ZS  000'89L 000'ZE9 000'6TS 000'ZTy 000'0EE (¥00Z-056T) 1901y Soheg-aAIsINoay
000'8T¥  000'60F  000'V6E  000°ELE  000'.YE  000'Y8E 000'ESE 000'9LE 000'¥9E 000'SYE (¥002-096T) 19X914-payioows
000'GT6 ~ 000'Z06  000'6/8 000°9€8 000'.G.  000'9.G 000'69F 000'6EE 000'8EZ 000'TLT (7002-066T) 4934014
000'€0S'T 000'¥8E'T 000'V6T'T 000'060'T  000'¥86  000'8SS 000‘Zby 000'ZEE 000'89Z 000'TOZ (002-0L6T) 1234014
00582 00v'8.G 000°€€9'T 000'ST¥'T 000'882°T 000°Z9T'T 000°0Z0'T  000‘9¥S 000‘¥EF 000'SSE 000°€8Z 000'7EZ (¥002-0S6T) 1ax01 -xaidwo) demsnys
000'TT 000'6 000°L 000'9 000'S 0007 000 000'Z 000'CT 000°C +(¥002-0S6T) 18401 Saheg-anisinosy
000°€T 000‘TT  000°0T 000'8 000 00€ 00 00z 00T 00T (7002-096T) 124214-payroows
000'8S 00067  000'€y ~ 000'8E  000'Y€  000'ET  000'6 000’0  000'%  000‘E (5002-066T) 48214
00087 000'vy ~ 000'6E  000'9E  000'€E ~ 000'¥T 000'TT  000'6  000'L  000'9 (5002-026T) 423214
00€'08 00L'LVT 000°0% 000'9€  000°2€  000°0E  000'8C 000'vT 000'TT 0006 0002  000'9 (5002-0S6T) 1ax01 (adAL-19A1Y) 1oAY uOSLLEH
000°9€ 00005 0002z 000'ST 000,  000'8T 000'9T 000'€T 000'TT  000'8 (7002-056T) 12301y saAeg-aAisinday
000'92 000'’Z  000'TZ  000'8T  000'9T  000'8T 000'9T 000‘¢T 000°ZT 000'TT (¥002-0S6T) 43%014-PaLYI00 WS
000°2 000'’T  000'9T  000'ST  000'6T 0008 000'€T 000'€T 000°ZT 000'TT (0002-066T) 42301
000°9€ 000'’€  000°Z€  000'62  000'.Z  000'8T 000'GT 000°ZT 0000T  000‘8 (0002-026T) 48214
009 006 000'9€ 000'Y€  000°Z€  000'6Z  000'8Z  000'.T 000'GT 000°ZT 0000  000'6 (0002-056T) 48x214 J-smino
uny ae
%06 %S. %0S %SC %0T 6002-900C %06 %S. %0S %SZ %0T 6002¢-900C %06 %SL %05 %S¢C %0T %06 %S. %0S %SC %O0T (sauas awp) |opow lun uoneAlssuo)
19Aa7 Anliqeqold ‘us9 Jse 12Aa7 Anliqeqold ‘us9 Jse dnouo Buwiy uny
Snjejs %001S 211}2W 099 SNels 3201S 2BWYIIY sprewyouag Jaddn srewyouag Jamo

(1aumeds [e10] aAnd8Y3)
aouepunqgy

(1sumeds [e10) aAndaY3)
aouepuUNQY

(1aumeds [e10] aAnd8Y3)

aouepunqgy

(1eumeds e10] aAnoaY3)

aouepungy

(uonduosap loy abed snoinaid 8as) panunuo) ‘v d|gel



ITT SVSD 01 uoissiwans TTOZ S Bny :a1eq uoision

Ly | Lezo ] | _ | [o8e- | ] | [ 60 | _ | _ | 008'9¢ 009'ST 006'6T s3-demsnys
] Czo] | %0 [ _ ] BEE__ 1 [ T 1] 008'T 006'8E 00Z'€T s3Nd
=] [ooT ] | [ [ [ B E_ 1 T 1 006'€ 00Ty 008'€  (0AOU 3p) ST-2131L1eg UYLON
(ND paxiw mau)
| ¢ | [ 690 | | | | loose- | | | 1 960 | | | | | 008'y 009'22 000'6 S3-sloduel-euipeN
< ] [Foso ] | _ I 1638 ] [ _ _ I _ | 00v'z 00Z'9 009'c S3-U0JeS-UOSISpUY
] o] Bl _ [ _ | EE_ T T T T 1 00€'s 000°ET 002y s3-sdoojurey
[ 1 [Fe60 | | | [ _ s ] | I _ _ 720 | | 008 006'€ 00E'y S3-uomog
Jawuwns Aje3g
v 1 [[oot ] | | [ | o] | [ | 1850 | | | 00€'€T 000'TE 006'0% MS3-InajquialL-epeL
1lenis Aje3
BT T T T T T T
97> %+  %GT-  %SZ-  %0S- 0T S0 €90 050 G20
Alend aul99q suolrelaua aaly] 1seay) ul abelany [e21101SIH QIED) 1se7 wouy abelsany UM UOITeAIaSUOD
reledg ‘qolid aduepunqy ul wmcmr_o leaul 0] uoljelaua9 Jualind JO ohey 1seq pig "us9 E‘_w._..mCOI_ QDO\_O @C_E_._. CDK
(€ o1oN) (z o1 IN) (T ot18N) sabelany (S43) soumeds sjewad aA108y3
(S43) spuall 1uaday (s43) spuall wial-buo ;uswadeodsy

‘(Aurend ere@ uo uonoas Buipadald ul paquUIsap S8p0I) UWN|oI [eul

ul pajuasald ale soul|aw aduepuNge pue aduepunde ul spuail 1oy Alfenb ereq -oaw yoea 1o gn pue g ayl usamiaq ale Asy)

Jl JaquIy pue yJewyoduaq Jaddn ay) anoge ase Aay JI Usalo “Mrewyouaq Jamo| ayl Mojaq ale Aayl JI pay papod 10jod ale sasniels
"JLI}|W dduBpUNgE Ul SpUaJ) JUadal JnsIuiwIBlap ‘1Sl 8yl 01 Areluswa|dwod SI 1l pue ‘94Gg JO Ylewyouaq Jamo| 8yl Mo[aq SI
abueyd Jo arel siy1 reyl Aljigeqold ayl SI d13dW dUBpPUNGER Ul SPUBJ] JUSJa) PUOJSS By "UOONPal 9%GT © JO gN 8yl pue uoionpal
%GZ ® J0 g1 ay1 01 abueyd asuepunge siyl bulredwod Aq passasse si snieis ‘snjels Yyim puodsaliod 0] papod Inojod pue ND
yoes 1o} pajuasald sI suonelauab aalyl 1se| ay) J8A0 aduepunge ul abueyd Jeaul| ayl ‘OuUBW aduepunge Ul SpuaJl Juadal ay) 104
"'G'0 J0 (g1) Yrewyoduaq Jamo| pue G720 Jo (gn) yrewydsusq saddn ayy o1 onel siyl Buredwod Ag passasse ale sasnels ‘sniels yim
puodsaliod 0] papod INOJ0I pue ‘ND Yyoea Joj pawasald si ueaw SH43 o11owoab [eduolsly ayl 01 ueaw duldwoab S43 uonelauab
1UB.1INJ 3y} JO Okl 8y} ‘OLIBW dduepunge Ul Spual) wial-buo| ay) 1o+ *(SJuswissasse sniels [enloe ay) Ul pash ale sanjea
(pawuoysuen) ualaylp :a1ou) papinoid ate (‘uas 1seT) S43 abeiane uonelauab 1se| 8yl pue ‘(ISeT Wod) pIE "Us9) sallas awi

a1 Jo pua ay) wody uoneiauab pliyl ayl ul S43 abelane ‘seouepunge (S43) Joumeds ajewa) aAndaye abelane (6002-0S6T) W.ol
-Buo) ay1 ‘sasnjels aduepunge ul Spuall 1aidiaul 01 ‘SN 9|qessasse 9z ayl JO Yoea 10} Sasnjels aduepunge ul Spuall ‘G a|gqel



8TT SVSD 01 uoissiwans TTOZ S Bny :a1eq uoision

abuajjeyd e si uorelawnua BulnNp 82Ua} AU} Te UOITeIIIUBP! X3S DUIS SIaUMedS p|IM [e10) dAIRDBYS SI SNIND g
881D UapIeA Ajjoq 10} SaLIas awi) Loys a3y} 01 anp AjpAirenuenb passasse ag Jouued S3-yoemiiyd ‘T

e 1 [Cooo | =R [ | | | | _ | _ [Se0 | | 00z 0g 00g (8dA L-1aAry) UOSBpPIA

v | [zo0 | [EERE] | | _ | [EE | _ [ | | 00Z'85 000'65 002"t J-UosiieH-1800]|T

e | oo | &R | _ _ | [EE | _ | _ | 00E'y 00Z'S 00S'T 1-(S/q) uostireH

| ¢ | | o900 | 1 | | |os0e- | | | | 80 | | | | | 00.'0T 00v'€T 002'6T T-(S/N) uosureH

| | o _ _ _ B [ Lol T T T 1 00Ty 00z’ 008’ (N2 oou ap) T-uoles

v | oo ]| [EE | _ _ | I 1560 | | [ | | 00L'€0€ 00€'0Z 00€'zZTE T-xa|dwod demsnys

e | [Cooo ] [EEESEE | _ | | o] [ _ [ _ | 00v'€9 00L'y 009'€T  (odAL JoAI) JoAY UOSILIEH

[5] [ooT | [ _ _ _ R [ T [ T el 008 00T'T 008'TT _Tsmind
a1e7

v | Tezo | | T T T%68e- | | [EE T _ T . | 00€'2t 000'S0T 000'€S S-19seI--SI00URIS

L v 1 Leeo | | _ _ _ 7 [ I 00205 009'G85  00.'88T S-ausand

v | 660 | | | | | Peee] [zl | _ [ | | 001'82 00v'ZZT 00L'9,  S-Mems-Inejquiail-epel

v | oot | | | | | Peer] [z | _ | _ | 009'€ST 008'90F  009'T6T SI-0IUD B S-OMIUD
JpWwWnS

=z | Tze0 | | | | _ o] I _ [ _ [2e0 | | oov 008 00€'T S3-0xesEL
| ¢ | IEENE N EEE N E N ETNETE EEENENENEN 008 00v'T 00T'T SF-A0EMIIUD
e ] [Coot | | _ _ _ B [ [ Tssol T 1 000°T 00g'2 00z S3-yoepeyeN
panunuo) Jawwns Ajreg

BT T T T T T T
g1> %+  %ST-  %ST-  %0S- 0T S0 €90 050 SZ0

Aend aulPeq suoljelaus @81y 1se ays ul abelany [e0110ISIH ‘U9 | 1seq wody (6002-0S6T) 1UN UoNeAIasu0D

ereq ‘goid aouepunqy ul abueyd Jeaur 01 UOITRIBUSD 1UBLIND JO Olley 1se7 pig ‘use wial-Huo dnoio Burwiyl uny
(GRIDEN) (z o11aN) (T ot1BIN) sabelany (S43) Jloumeds ajewsd aA1309)3
(S43) spuail 1usday (S43) spuail wial-buoT ;Juswadeosy

‘(uonduosap Joj sabed snolnaid 8as) panunuo) G s|qel



SVSD 01 uoissiwans TTOZ S Bny :a1eq uoision

J3NIY ey
19N uosdwoy | yuoN
A931D 3IN G2 981D |NON
(aseqerep ul Jou) Apues uyor 3381 uuep
3991) uosdwes 39310 uoI
3aaID uehy 393D Xnajwa
3931) peoljey 931D dwaH
39319 urejysolabe | 393D 3|j00d 931D asnolo
N |auuey) euipeN NEETS BRI 39310 uul4
M JanYy eulpen ale ybnol|s 190017 981D uung M 39a1D Janea
391D JadieH M Jany yoejreyeN M JanYy eulpen Ape3 JBNIY Udal9 JaNny Jeyemiea|D M l]auueyD Janean
S 39319 ||puuaS S ayeT yoepreyeN 391D Jaoe|9 JaNY peayuaiig JanYy aJalleg JBNIY uosiIeH S 931D 1seq
NI sals sals sals sals sals SaIS NI sals
(onou ap) (ND paxiw mau) (adA1-19n1Y)
S3-aJi81ueg YUON S3-yoepeyeN S3-si0duel4-euipeN T-uosLIeH-190(|11 S3-sdoojwey IBAIY uosIIeH 1-(S/N) uosuieH
ybnojs ejadiL
39210 ejjadiL
3931) 18nbojs
9319 A1ayoreH
39310 se|bnoq IS 39910 SNS
39910 Azel) M ynos axe oqjIiyd IS Na31D AaxonH
3931) uingBo) 39810 apuowlo N ULON e oxiyd IS 39919 Aosswod
N 98I JBAIS Big 3931 eyoun 39910 uapueA Ajlod N Jauueyd oIy IS Jany uoimog IS 931D sare
paIgJedg  p 1oAY odelels axe snnd YeTNOEMIND A 12Ny OMIIYD 39910 lapuy S Jauuey) sares
NI Sals NI Sals NI Sals Sals NI Sals Sals NI Sals
SER([Cle]
71-(s/Q) uosuueH S-19sel4-sloouelq J-snynd S3-oemi|iyd 9 S-0q|IYyD S3-uoimog S3-U018S-UOoSIapUY

"SOlJ18W 8oUBPUNQY Ul SPUaI] 10) SNIBIS ND alenjens
0] Sal11as awI] Jusawadedasa ay) Ul asn S1I S8JLJIPUI SWRU 31IS BY) 9pISaq YJewdayd e pue ‘paledlpul ale aseqerep
Juswadessa ayl Ul JN220 Jeyl SIS UOoIRISWNUS 949X20S PaIRIDOSSE Y] ‘1iuNn UOITRAISSUOD YJed 104 T XIANIddV



0ct

SVSD 01 uoissiwans TTOZ S Bny :a1eq uoision

aloys - ¥991D asse ]
3oa1) asse |

38810 nyeL

398ID NWWNS

39810 ans

391D sysnds

1se3 wyT Aeg ale|s
Aeg awr|s

39310 90INIBS

9PIIS #o0Y

aloys - Jany Bulreoy
JaNYy Bueoy

Jui0d BuLeoy

23310 Hed

aye |ausand

iod zuend

JUI0d duedLINH
Jaddn - Jany Ajyesioq

J9MOT - JBNIY AljasioH

s|led anoqy - 1oAY AlJesIoH
Jany AjyesioHq

axeT AasioH

|louuey) ApasioH

39310 aunjazeH

aloys - %331 ureln

3921D urel

UINoS Wg 3I0ys - Julod 95009
9I0ys - JUI0d 8S009)

39310 9S00

aloys - ¥991D syuely

39310 syuelq

1S9/ WHT aJoys - eisA|3

- T

N 9310 plojuad aloys - elsA|3

aloys dwe) pjojuad juiod pawreuun - wiy 1seg

yoeag edo 210ys - Z %9310 paweuun - Wiy ise3

9A09 paweuun - Wiy YHoN T %9940 pawreuun - wly jse3

(1d uondasaqg-hulreoy) aioys - wiy YUoN (3d e|nsuluuad-apI|S ¥20y) aloys - Wiy iseq

(1d 9s009-Buymog) a1oys - Wiy YuoN aloys - | 9|gnoq

39310 erebelN aloys - %9910 a0AaQ

38310 TeloN 39210 20A8Q

N JaNY [[BYININ iod uondasag

IS Jaddn - ¥e@a.D Asjuryoin 3981D Yo0iqies|d

N 13MOT - %9310 A3|UIMOIN IS 39310 uosWe

N 39310 Aa|uInoiN 39210 weybupong

al0ys - 391D usue juiod Buimog

39310 UaUe 183 WHZ 2I0ys - %231 A1apinog

2I0ys - %9310 XUk aloys - %331 A1apnog

o931 Xukq aa1) A1apinog

aloys - %9310 buoT aloys - 3931 pea anig

39210 BuoT 39810 pea anig

Buipue 16607 1S9\ WIYE 3I0YS - %2310 JBUIN II9

N 1an1y AlasioH s dloys - %3310 JBUIN I'g

UINoS WG 3I0YS - JUlod duoisawl] 39310 JBUI [I'9

39810 AspjuIm 210ys - JUI0d 3U0}Sd 1S9/ WHT aJoys - apiIs big

59310 3PIUM 39310 duoysawI] aloys - aplis Big

aloys - ¥9910 Nem aloys Jaisa aloys - syjueld Aneg

39310 WepM aloys - %9910 Bopiy aloys - yoeag seag

210ys - }991D 0%SeM 32210 Bopjiry yoeagq Jaixeg

39310 OYSeM aloys - 39910 uonoung 39310 Y2y

39310 3PIUL 39210 uonaung 39310 sowy
S 39210 abenod 39310 |[epsiL 39210 yeres| 39910 noqaqy S 19N Nid Jaddn
NI SaUS NI SIS NI Sals NI Sals NI Sals

(onou ap)

J-uoles S-|ausanQ S3-d

‘(uonduosap 10} abed snolnaid 8as) panunuo)d 'T XIANIAddVY



SVSD 01 uoissiwans TTOZ S Bny :a1eq uoision

-

39210 aNasoy
39319 lauod

%8310 iod

39210 ejned

%9310 SmoureN

39310 IndueN
(anesoy) Jany aIPPIN
39319 rebnogoin
¥8a1) uol

39810 097

931D o0uAky

39310 2UIS3I0Y

39310 Yayozey

39010 Biagisey

39310 pleA

3oa.1D dep

aI0ys - %3310 Bulysiuep
J9NIY swepy Jaddn
38310 snins |

¥381D WNISNMYIS |
931D AlunL

3oa1D uadde |

- =

-

aloys - ¥9a10 XAup
39910 XAUO

39810 ASIoN

210ys - 19AlY YdIWoW
J9AIY YOIWON

Jany demsnys aIppIN
39310 93WONIIN
aloys - axeT erey
13Ny demsnys Jamo
¥981D snyo

J9NIY /I

2l0ys - %931 997
a10ys - X221 Whiuy
3819 Jaysybury

39210 Aeg uospnH IS Janry uodwoy] yinos 39310 emyeunH
39310 19%00H IS wiy INowAas - axe demsnys aloys - ¥9a1D eullH 39310 pleA
39310 asN|D N UINOS Wiy uowles - e demsnys 32310 (P|0D) BremyIMAIN N 19Ny InowAas
39310 uedAiq IS UHON Wiy uow(es - axeT demsnys 210ys -38310 3|l ino4 IS 39310 Y2109S
991D youai4 M 1se3 Wiy uowles - axe] demsnys M Jany 9|beg JANIY uowles
IS 39810 ayiksio4 IS Wiy Uowes - & demsnys A 8I0ys-Mid JueysyiniO 39310 Ssoy
N 931D Iejloq N UINoS Wiy urely - axe demsnys Noa1D Azeld 19Ny Aliad
931D Buiws4 M ULON Wiy urey - aye] demsnys ¥981) 400D ¥981) ssed
N 931D XI|94 N wly urely - axe demsnys NEET RN o) 39310 XAuQ
N REET e B Sle] N wly Asisuy - axe demsnys 389810 soue) 39810 (P|0D) eremyIMyIN
N JaNY poomyua N oxeT demsnys aloys - %9310 ysng Jany demsnys ajppIN
N 39310 M0ID 1oAYy JnowAss 39210 ysng N 39310 93WONIN
N 38910 pajepljosuod) N 210ys - %931 Y2109S o8I anessag 39310 shyo
3921 llwese) N 981D Y2103S 39210 (reag) yniH 39810 emyeunH
39a1D paweuun 39910 anayoue|g 1any uowes 2l0ys - JaNIY Asisuy 3921 (feag) yinH
921D N 39210 Iajemyoelg 210US-WY UoWES N JaNIY Asisuy lany a|feq
JaNY Yenis ®ga1D AdjsapiL 39210 Jenonlg N 810ys - %931 SO | 210ys - JaNIY swepy 39210 Aze1d
e uens 38810 |[9zaute | 991D sajeg AgRID S50\ 1oAY swepy 39219 alyde|ebreld
38810 ©3YIMOS pawreuun - ayeT epfeL 39219 alsndeg al0ys - 991D 1axoauley 4Inos - axe swepy 39310 ¥lsl|eD
JENVETRINENE aloys - et epeL A 38310 (MUY PEEY e PENGEIIEN] ULION - &€ swepy 38810 ysng
39310 1yduld IS PECTORITISINN 49310 3|l aloys - %9310 199N 1se3 - e swepy 39310 uoyng
IS 19NIY 3IPPIN IS PECTORCTIETSINN 39310 3|IN ST 13Ny Allad e swepy 19Ny Asisuy
IS 39310 emyzny| IS 39310 uiodpues 39310 3|IN 0T aloys - %9910 ssed lauuey) swepy JanYy swepy
S 39310 Yayozey S 1oAY BydlUdeS N 39310 3N G S 39310 ssed 39210 3N § lauuey) swepy
NI sals NI Sals NI sals NI SslIS NI sals NI sals
S-yenms

-Inajquiail-epel nS3-InajquiaiL-epie L 7-x8|dwo) demsnys S3-demsnys

‘(uonduosap 10} abed snolnaid 8as) panunuo)d 'T XIANIAddVY



44} SVSD 01 uoissiwans TTOZ S Bny :a1eq uoision

N %8810 U0aBpIA N aye oyasel

NI SalS NI SalS

(edA1-19n1Y)
uoabpipn S3-03ase |

‘(uonduosap 1o abed snoinald 8as) panunuo) ‘T XIANIddV



ect

SVSD 01 uoissiwans TT0Z S Bny :a1eq uoision

N 00°L IBAIH LOSILEH
(adAL-19A14) J8AIY UOSLIEH
A S0 [BULED) JaABapA
A 9’0 HEBID) JBABEAA
N 000 #9810 1583
T(sin) uosiuey
¥ 00'L HoauD) JanIS Big
T(s/Q) uosiey
¥ 00’} laAlq 0xelI81S
g-laseld-sjoouely
¥ 00’} axeT] sming
Tsmnd
- 88’0 HasIT uaples Alog
¥ [A%] BT HIBMINID
SIHoemiNyD
¥ S00 Wnos &xe oD
¥ 200 [BULBYD OHIIUD
kil €60 4841 DHIIYD
S-0xIIYD '8 S3-0MIIUD
kil 000 388l sng
WM 000 »aauD Aosluog
¥ 100 #a8.D) faxony
¥ 660 1ahlg uowmog
s3-uoimog
(1ead yeam ) pa|l des g
{1eaf wap-gns) pa|iy des | ¥ 820 seald seed
(teak jueuiiop) pa|l} des) g vy Zl0 [BULEYD 58125
Blep a|qe|leay S$3-uojag-uosiapuy
powain buna des  [600z 0861 0561 doid S)S uojelawnuy
‘Bay

sauas awl Juawadeasy

na

Ajuo s8j9Ad JuBUIWOP-ONS pue JueUIWOQJ '€

Buniy deb o1 Joud spuaa jo uone|allod 01 Buipiodoe padnoib sweans ‘g
suoniodoud Bunrenofes uaym paresedas sauas awin 086T-1sod pue -ald ‘T

"UWN|O2 PUO23S ay) Ul palealpul SI ‘'S4 [2101 SND 8Y1 Jo 1n0 ‘sjuasaldal S43 S,91IS UolRIBWNUS Ue

(erep Jo siead |[e ssolor) uoniodoud abelane ayl ‘(g xipuaddy ul pajuasald spoylaw) uwnjod [euly ayl ul payiodal
s1 poylaw Buiiy deb oiy10ads ayl (o1buerdal paj|iy an|q) sreak a|o9Ad yeam 1o (ajbueldal pa||i) Xoe|q) sieak a|2Ad
1ueulwop-gns ‘(Je1s pjob yum sajbueioal paj|i) yoe|q) Sieak 9j9A0 JurUIWIOP B UO 31IS UOIRISWNUS Ue 10) palinbal

sem Buly deb uaym siuawnoop xipuadde siy] "sasAjeue snjels aduepunge ul spuall s,ND Yyoea 10 pasn
‘@11S uonelawnua pue (sa|buelosl pa||l} Aa1b) 1eak AQ salles awin (S43) 1uswadedsa jenuue ayl 'z XIANIddV



144}

SVSD 01 uoissiwans TT0Z S Bny :a1eq uoision

¥ S0 18AlY nowifes
SOUAT LI pa|Y deg [ | | svo A88l0 1003
N oo 88T BBLLONIN
g3-demsnyg
W papnaxa eepaaies| Q) Has1D shiepiog
(oAou ap) T-uojes
2+, AT - potaly uoiuodoid ueajy K [ ] 100 MaalD plojuad
2+, N34T - powaly uoiuodold uealy ﬂ [ | 120 JaAld IRy
2+, JI9AD - powpap uomodolg ueay [ ] [ ] [ ] Jaddnaald Asjuiaw
2 24D - pouia uopodag ueay | | | | | 80T a0 AB|UIM I
2+ NAAD - potpay uomadolg uealy | | [ | [ | 100 #08.7) AB|UIMIW
2+ NAAD - potpay uomadolg uealy [ ] [ ] 100 Jany AjasioH smi
2+, JI9AD - powpap uomodolg ueay | | Jaddn-leary AgesioH
2+, JI9AD - powpap uomodolg ueay | | 180 T-18Al ABsIoH
2 ANIAD - pouia uopodaly ueay ] 5|4 8A00y-1aAly AYasioH
2+ NAAD - potpay uomadolg uealy [ ] 950 Janl Aasioy
2+, A3AD - popap uomodolg ueay | | S0'0 |auuBy D AljasioH
2240 - powgay uouodold uea | €00 188D UoJaLLRD
S-lausand
v oo'L 13A19 T4 Jaddn
S3-Md
oM £6'0 H@8ld ||suus
(onou ap) s3-alalieg YHON
powap uopodold ueap | L ] ] sZ0 a¥eT yoeieyen]
oM SL'0 LBAl LI EYEN|
S3-YdRepeyeN
(1eaf yeam ) pa||) des
ek wap-gns) ps|jy des [l v ¥S0 [SULEYD) BUIPERN]
[tead Jueuiuop) payy des g vy ‘PBPN[2UI 30U ING S33IS OM] 3SAL 0 Janly BUIPEN 8187
elep ajge|ieay | v 104 s3SIX® 591495 2WR Jo Hed 35414 ZL0 lanlq euipen Aleg
(paxiw) S3-s100uUBIJ-BUIPEN
abesany aun-ao4s [ ] 00’} IzAl peayusMig
TuosieH-3300(|1
M 090 By Jey
s3-sdoojwey
powpey Buid des 6002 0861 0661 | doid SIS UoheIsuwnug
sallas awl Juawadeasy ‘Bay na

AJuo s81942 JuRUIWIOP-gNS puUE JURUIWO(Q 'S
Buiyy deb o1 Joud spuaiy Jo uone|aliod 01 Buipiodde padnolb sweans g
suoniodoud Buirenofes uaym paresedas sauas awin 086T-1sod pue -aid ‘T

‘(uondosap 10} abed snolnaid 8as) panunuo) 'z XIANIAddV



qct

SVSD 01 uoissiwans TT0Z S Bny :a1eq uoision

sauas awl Juawadeasy

Buniy deb 01 1

L 1242 - poutap uomodoid uealy AN nnf 900 AzaID K8
N 900 AB8ID1sng
- MNIA - poua Uomodold uealy | L 1 | [ | [ | | I | 9Z'0 HB8ID PoOMILT
2 A - popay uopadolg ueajy [ | il o0 HB81T MOID
2 AR - pouap uomodold uealy [ ] ] [ | [ | | I | 000 %8817 palepl|osuo]
2 AR - pouap uomodold uealy | I | | [ | [ | | I | 000 He817) Jalemdelg
2 JN3AD - pouiapy Uoodold ueal B | zoo ¥aall) oenoalg
¥ €00 ABBID (MUY
¥ 000 HABID BN ST
> NIAD - powgay uomodoig ueay [ | 000 HeaID Bl GL
2 NIAD - poipapy uomodolg ueajy 000 HaslZ sl §
ms3-In3|quiaij-epel
WM 000 ULy InolwAas
¥ 000 8loys>1eald Ualods
¥ 000 S Wiy uolwes
¥ 000 N WY UoWes
¥ 000 J Wiy uowes
¥ 100 Wiy uowes
WM 100 aloys-{aa17 5504
wN 000 aloys-HasiD iU
¥ 000 S Wiy LBl
¥ 000 I LY LI
¥ 200 LY LI
¥ 000 2loys>{@ald 997
JEELE TN IRETING EX ] RN 000 alolsHsal BUIH
(1eah wop-ans) pajy de< Il v 000 158/, 1d HUBLYSHINID
(Jeaf ueuwop) pa) des I ¥ 000 BI0US-18AlY falsuy
Blep ajge|ieay | v 100 Ly fegsuy
i 000 alols-lealy sWepy
¥ 100 ae demanys
& A0 - pouiap uobodoid ueap | | 100 Jaapg uosduwioy] yinos
& AR - poua uomodold uealy [ | | 1| ooo 397D 01005
¢ NIAD - poipapy uomodoig ueajy [ | [ ] B | oo0 MaalD S5eH
¢ NIAT - powgay uomodoig ueay [ | [ | | | [ | | | 0 | o00 1BAIH L2ILOA
¥ 100 Tl dBMSNUS SIPPIY
& AT - POl uomodol ueap o Jahly deMSNS JamoT]
¥ oL'0 1aAld e
¢ NIAD - poipapy uomodoig ueajy [ | [ ] B | 100 1an1e 8|fieg
¢ NIAD - poipapy uomodoig ueajy [ | [ ] [ | [ ] B | oo0 IaAle AslsUy
wN 0.0 Janl SWepy
T-xa1dwo) demsnys
poway buipa des 600z 0861 0561 .wen_ SIS Uonesewnug
By

na

AJuo s81942 JueUIWOP-gNS pue Jueulwoq ‘€
d spuaa; Jo uone|allod o1 Buipiosoe padnoib sweans ‘g

suoniodoud Bunrenofes uaym paresedas sauas awin 086T-1sod pue -ald ‘T

‘(uonduosap 10} abed snolnaid 8as) panunuo)d 'z XIANIAddVY



9T

SVSD 01 uoissiwans TT0Z S Bny :a1eq uoision

afielasy aur-ajaso 00'L WaalD uosbpia
(adA L-1aA1y)-ucabBpip
afiesasy aur-aja4o [ | 00'L B1BT 01858 |
S3-oyasel
W 650 daAle BlDe ]
N SE0 Jake 2IPPIN
poLap uomodoid ueay) [ ] S00 HBBUT) BMYZNH
poyia uomadald ueap [ | 100 ABBlD Halzey
S-Henis
-In3|quiail-e|jeL
2 247 - powap uopodold ueay [ | 000 Ae8lD BlUIS
W 100 H@alleeys
1242 - poupay uomodaud Ueap [ ] NNN zoo oD uodpues
2 34D - poysap uamodoid ueap il [ ] (]| 000 J8AlH BUDIUEMES
Wi 100 H@all enssoy
2 N34 - pouga uoodaid ueaj LI ] | B B (zoo HRald Jalind
2 IR - pouay uomodold ueajy [ | o0 HEaldulod
2 232 - pogap uomodaud ugagy EN NNQ =00 H88l BIne
Wi 00 HBBIT) SMOLIEN
1242 - poupay uomodaud Ueap [ | [ ] | I | 100 Heeluor]
N SL'0 HBIT HIOUAY
L 24D - pouapy uomodn g Leap [ | [ | | I | 000 HealD sUIsalny
- AT - poutay uomodlg uealy [ | [ | | I | 000 HealD Blagqisey
Wi 800 B ek ]
N 100 HB81D URdAld
2 A - poupaly uomiodold ueajy [ | [ | LO0 1810 BUIRSI0S
TIESNHESM ) pallll ey ] v 60'0 Hesi JeloH
Jeah wop-gns) pa|y de< (pyuoa)
{lead ueuiop) pa|l des nisg-dnajquall-eel
B1Ep S|gB|RAY
powaii Buind des 600z 0861 0661 [ doid 8]IS uohelswnu3y
s3al12g Wil Juawadessg ‘BAy nas

AJuo s8]942 JUBUIWOP-NS pue JURUIWO(Q 'S
Buiyy deb o1 Joud spualy Jo uone|aliod 0y Buipiodde padnolb sweans g
suoniodoud Bunrenopes uaym paresedas sauas awi 086T-1sod pue -aid ‘T

‘(uonduosap 10} abed snolnaid 8as) panunuo) 'z XIANIAddV



APPENDIX 3: Historical trends and results of status assessments are illustrated
for each assessable CU according to the availability of data. Available figures are
organized per CU according to the following structure.

Figure 1: Historical time-series of returns, exploitation, escapement, productivity,
and survival plotted for each CU or in some cases an indicator system within the
CU. Figures not available for a CU due to data gaps are noted in individual CU
sections. Abundance time-series are not gap-filled in figures.

Figure 2:

la.Total CU returns are broken into total escapement (dark grey-bars), catch

(light grey-bars), and en-route loss (red-bars). Exploitation rates are also
presented (blue-line).

1b. Total escapement is broken into male (dark grey-bar), female (lighter grey-

1c.

1d.

le.

1f.

bar) and female pre-spawn mortality (black-bar) components.

Three standardized (z-score) and smoothed (4 yr running average) indices
of productivity time-series: loge(R/EFS)(light blue triangles-lines), Ricker
model residuals (dark blue squares-lines), and Kalman filter a-parameter
(dark blue circles-lines) values (the latter index provided by C. Michielsens
from the PSC). Large yellow triangles (loge(R/EFS)) and squares (Ricker
residuals) indicate 2005 brood year productivity indices. The Lower Fraser
River-River Type CU also has data for the 2006 brood year, shown as
large blue triangles (loge(R/EFS)) and squares (Ricker residuals).

Productivity (loge recruits-per-spawner) (red circles-lines) in relation to
replacement (e.g. 1 recruit per 1 spawner) (horizontal black line).

Smoothed (4 yr running average) and non-smoothed freshwater survival
index-fry, fall fry, or smolt per EFS (green circles-lines).

Smoothed (4 yr running average) and non-smoothed post-fry survival
index recruits-per-smolt, fry, or fall fry (blue circles-lines).

Results of rate of change and abundance-based status assessments.

2a.Frequency distribution of the posterior distribution of the linear rate of

2b.

change of smoothed log-transformed EFS abundances. The posterior
distribution (bars) and it's median value (black solid line) are plotted in
relation to the lower (dashed line) and upper (dotted line) benchmarks.

Change in EFS abundance over the last three generations. The
deterministic regression rate of change of smoothed (year labels indicate
the last year of the 4-year running average) log-transformed EFS over the
past three generations (solid line coloured according to status on this
metric: red, Amber or green). The lower benchmark rate of decline (25%)
is indicated for comparison (black dashed line).
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2C.

2d.

2e.

Ratio of the current generational geometric mean EFS abundance to the
long-term average geometric mean. Smoothed, log scale historical time-
series of EFS (year labels indicate the last year of the 4-year running
average) used to calculate the long-term geometric mean (dashed line) is
shown. The current generation (hatched box) and the geometric mean of
the current generation (solid coloured line) are indicated and coloured
according to the status obtained on this metric

Prior (blue line) and posterior (bars) distribution for spawners at maximum
recruitment for CUs where stock and recruitment data are available. The
median posterior value is indicated with dashed vertical black line.
Uniform or lognormal distribution inputs are reported in figure title.

Conservation Unit stock (ETS)-recruitment relationship (model fit: black
solid line) with lower (red vertical solid line) and upper (green vertical
dashed line) benchmarks indicated.
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2a.

Frequency
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500 700
| |

300
|

0 100
|

-0.2 -0.1 0.0 0.1 0.2
Linear Rate of Change

C.
)
S
a9
(@]
o
=
n 0 - %
M B /|
—_— Q —old
g
@ €
e)
(]
=
— Estimated trend 8 ~
== Lower benchmarkslope S
T T T "’ T T T T T T
1995 2000 2005 1960 1970 1980 1990 2000 2010
Year Year

Uniform ‘b’ prior: 0-1,000,000

Ricker (brood years 1968-2004)

Version Date: Aug 25 2011 Submission to CSAS

131



Bowron-ES
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Chilko-ES & Chilko-S
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2a.
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Chilliwack-ES

la. 1b. (Chilliwack Lake Only).
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Only escapement data are available for Chilliwack-ES.

Prior to 2000, only Chilliwack Lake data are available. From 2000
to 2004, Chilliwack River (Dolly Varden) Creek data are also
included in the escapement time series.
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2a.

Chilliwack-ES could not be quantitatively assessed in terms
of stock status.
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2a.
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Francois-Fraser-S
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2a.
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Harrison (D/S)-L
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Only escapement data are available for Harrison (D/S)-L.
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Harrison River (River-Type)
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Kamloops-ES
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Nadina-Francois-ES
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North Barriere-ES (de novo)
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APPENDIX 4: Updated spawner abundance that maximizes juvenile production
(Smax) for lakes assessed in the Fraser Watershed.

Table A. Summary of trawl catch for each survey used to estimate juvenile Sockeye
competitor biomass for the PR model by lake. Empty cells indicate no fish from the
competitor category (identified in column headings) were caught in the trawl survey.

DNA/ Age-0 Age-1 Age-2+  Age-0 Other
Lake Year Survey otolith nerka nerka nerka other large fish
199
Adams 7 199714 y 160
199
Adams 8 199811 y 275
200
Anderson 0 200010 y 496 27 1 1 1
200
Anderson 1 200107 n 337 24
200
Anderson 2 200209 n 95 9 1 1
200
Anderson 3 200308 n 150 34 8
200
Bowron 4 200406 n 134 1 2
200
Chilliwack 1 200110 n 509 5 3
200
Chilliwack 2 200212 y 10 3 1
200
Chilliwack 9 200905 y 94 2
200
Cultus 1 200109 n 2 1 7
200
Cultus 2 200211 n 6
200
Cultus 9 200901 n 56 1 53 1
199
Fraser 2 199205 n 152 1 4
199
Harrison 9 199910 n 324 2,737 1
200
Lillooet 0 200011 n 60 1 7 1
198
Quesnel 7 198703 n 323 13 3
198
Quesnel 8 198808 n 17 2 3
199
Quesnel 4 199404 n 684 2
200
Quesnel 3 200306 n 1,252 7 1
200
Quesnel 4 200407 n 637 1

Version Date: Aug 25 2011 Submission to CSAS

176



Seton
Seton
Seton
Shuswap
Shuswap
Shuswap
Shuswap
Shuswap
Stuart
Stuart
Stuart
Takla
Takla
Takla
Trembleur
Trembleur

Trembleur

200
0
200
1
200
2
198
7
198
8
198
9
199
0
199
1
199
6
199
7
199
8
199
6
199
7
199
8
199
6
199
7
199
8

200008
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199605
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y

y

40
146
230

2,780

1,124
160

1,111

489
443
189
292
230
657
226
238

861

18

56

16

16

21

60

14

22

11

19

Table B. Updated biomass estimates (kg/lake) by competitor category for each survey

used to estimate competitor biomass for the PR model. Note that n/a indicates some

unknown quantity of competitor biomass that could not be estimated from the trawl and

acoustic data.
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Age-2+

Age-0 Age-1 kokane Other Total

Lake Year Survey kokanee kokanee e age-0 biomass
199

Adams 7 199714 3,235 0 0 0 3,235
199

Adams 8 199811 694 0 0 0 694
200

Anderson 0 200010 1,421 416 9,543 0 11,381
200

Anderson 1 200107 n/a 431 0 0 431
200

Anderson 2 200209 n/a 653 6,248 0 6,901
200

Anderson 3 200308 n/a 1,120 45,536 0 46,656
200

Bowron 4 200406 n/a n/a n/a 9 9
200

Chilliwack 1 200110 n/a n/a 10,402 n/a 10,402
200

Chilliwack 2 200212 730 n/a 1,048 n/a 1,777
200

Chilliwack 9 200905 1,502 n/a n/a 0 1,502
200

Cultus 1 200109 n/a 0 n/a 113 113
200

Cultus 2 200211 n/a 0 0 562 562
200

Cultus 9 200901 n/a n/a 0 190 190
199

Fraser 2 199205 n/a 3,829 0 n/a 3,829
199

Harrison 9 199910 n/a 0 0 30,376 30,376
200

Lillooet 0 200011 n/a 34 0 0 34
198

Quesnel 7 198703 n/a 39,592 n/a 0 39,592
198

Quesnel 8 198808 n/a 26,144 n/a 0 26,144
199

Quesnel 4 199404 n/a 0 n/a n/a 0
200

Quesnel 3 200306 n/a n/a 45,931 0 45,931
200

Quesnel 4 200407 n/a 188 0 0 188
200

Seton 0 200008 675 1,288 12,113 0 14,075
200

Seton 1 200108 n/a n/a 27,611 0 27,611
200

Seton 2 200208 n/a 3,854 0 0 3,854
198

Shuswap 7 198702 n/a 4,448 0 0 4,448
198

Shuswap 8 198814 n/a 82,527 n/a 0 82,527
198

Shuswap 9 198914 n/a 9,558 n/a n/a 9,558
199

Shuswap 0 199019 n/a n/a n/a 0 0
199

Shuswap 1 199117 n/a 0 n/a 0 0
199

Stuart 6 199607 24,307 0 90,419 0 114,726
199

Stuart 199’) \&/sion Daté*AT 25 2011 Stbmission to CSAS® ' 43,195

Stuart 8 199808 19,086 0 n/a 808 19,894
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APPENDIX 5: Methodology used for gap filling CU time series data where
required.

Cycle-Line Average Method

Application: CUs with only one site or for CUs with multiple sites where no sites have
abundance estimates in a given year.

Method: Missing values are interpolated using the average of the escapement estimates for the
previous and subsequent generation on that cycle. In cases where the previous and subsequent
estimates are not available, the average of up to two generations away from the gap is used; if
no data are available within two generations of the gap, the gap is assumed to equal zero
(usually systems are not assessed when abundance is assumed negligible) or the years are not
included in the time series (in most cases large gaps occur in the early time series).
Interpolation was conducted prior to log. transformation and smoothing with a four year running
average.

Example: Lillooet-Harrison-L

Birkenhead was gap filled for the 2002 estimate. Birkenhead is the only site used for this CU,
therefore gaps were filled using this cycle-line average method. The 2002 gap was filled using
the average of the previous generation (1998 EFS estimate: 172,997) and the subsequent
generation (2006 EFS estimate: 137,365), producing a gap-filled estimate of 155,181 EFS for
the 2002 year.

Usage: Lillooet-Harrison-L, Taseko-ES, Widgeon (River-Type)-L

Mean Proportion Method

Application: CUs with multiple streams

Method: This method of gap filling is based on the assumption of spatial correlation between
sites. The method uses trends in the escapement time series’ of spatially related stream
aggregates to interpolate missing values for individual streams within that aggregate. Each CU
was used as an aggregate, assuming that trends in escapement were consistent across
streams in a CU. One exception to this was the very large Takla-Trembleur-EStu CU, in which
individual sites and groups of sites exhibited very different trends. For the Takla-Trembleur-EStu
CU, therefore, sites were grouped into six separate aggregates based on their location in the
watershed and correlation in abundance trends.

This method calculates the mean abundance of each stream across the years of available data,
including only years for which all streams in the aggregate had recorded data. This was to
account for possible changes in the escapement trend in years in which streams had missing
data, ensuring that the proportion calculations were representative.

Y
2.E,
— y=1

E. == , where E_ is the mean escapement for a CU(s), Es, is recorded escapement for

S S

S
each CU (s), y = years with escapement data for all streams, Y, = total number of years with
escapement data for all CUs. The proportion that each site contributes to the CU over the
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course of the time series is calculated as: P, = , Where Ps is the proportion the site (s)

S
comprises of the total CU aggregate. S = the total number of stocks in aggregate a. Expansion
factors are then calculated for each year of aggregate data in order to expand the aggregate to

account for missing stocks in each year, F = , where F is the expansion factor for each

S
2"

year in an aggregate and P, is the proportion contributed for each stream in that year (missing
values will = 0). Finally, the new aggregate sum for each year is calculated as the product of the

expansion factor and the sum of the recorded escapement data across streams: E;, = Fy *

S

z Esy , where E'y is the expanded aggregate, and ESy is the recorded escapement of each
s=1
stream in that year.

Example: Nahatlatch-ES had missing data for the Nahatlatch Lake site in 1975, 1976, and 1978.
The average escapements for both Nahatlatch Lake and River were calculated excluding these
years from the dataset, resulting in proportional contributions of 0.25 and 0.75, respectively, to
the Nahatlatch CU. [When the entire dataset is used, the proportions are 0.26 and 0.74,
because the low escapements to Nahatlatch River in 1975, 1976 and 1978 are included in the
average, while the Nahatlatch Lake average is not being pulled down by these low years.]

Usage: Nahatlatch-ES, Shuswap-ES, Takla-Trembleur-Stuart-S

Mean Proportion Method- Cyclic (Dominant/Sub-dominant or all cycles)

Application: In highly cyclic CUs, where the dominant and (in some cases) sub-dominant cycles
are highly different from both each other and the off-cycle years in term of abundance.

Method: For highly cyclic CUs, the proportional contribution of individual sites tends to differ
between cycle years. Therefore, the average escapement and the site proportions were
calculated individually for each cycle, in order to be representative of actual patterns when gap-
filling.

Example: In the Shuswap Complex-L CU, the Adams River site contributes 71% of the
spawning escapement, on average, in dominant cycle years, whereas in subdominant years this
site represents 95% of Shuswap Complex-L escapement.

Usage: Shuswap Complex-L, Takla-Trembleur-EStu, Quesnel-S
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APPENDIX 6: Pacific Science Advisory Review Committee (PSARC) Request for
Wild Salmon Policy Stock Status Evaluation for Fraser Sockeye

REQUEST FOR SCIENCE INFORMATION AND/OR ADVICE

PART 1: DESCRIPTION OF THE REQUEST —TO BE FILLED BY THE CLIENT REQUESTING THE
INFORMATION/ADVICE

Date (when initial client’'s submission is sent to Science) (dd/mm/yyyy):

Directorate, Branch or group initiating the request and category of request
Directorate/Branch/Group Category of Request

X Fisheries and Aquaculture Management X] Stock Assessment
| [J Oceans & Habitat Management and SARA [ ] Species at Risk
] Policy [ ] Human impacts on Fish Habitat/ Ecosystem
X] Science components
[ ] Other (please specify): ] Aquaculture
[] Ocean issues
] Invasive Species
[] Other (please specify):
Initiating Branch Contact:
Name: Paul Ryall (Lead, Salmon Team) Telephone Number: 604-666-0115
Email: Paul.Ryall@dfo-mpo.gc.ca Fax Number: 604-666-9136

Issue Requiring Science Advice (i.e., “the question”):
Issue posed as a gquestion for Science response.

1. Develop Wild Salmon Policy (WSP) lower benchmarks for up to 36 Fraser Sockeye WSP Conservation
Units (CUs) where data availability permits; several of these 36 CUs have been flagged by Fisheries and
Oceans Canada (DFO) Stock Assessment as being opportunistic spawning sites only rather than CUs.
For each CU, up to four broad criteria (abundance, temporal trends in abundance, distribution of
spawners, and fishing mortality) may be used for benchmark development depending on data quality and
availability. The total number of lower benchmarks for each CU will vary depending on the criteria and
associated benchmarks used; each criteria used could have more than one benchmark. The first step
before identifying lower benchmarks on spawner abundances specifically will require the
compilation/estimation of the recruitment time series by CU and subsequently the estimation of stock-
recruitment parameters.

2. Provide a preliminary assessment of stock status for all Fraser Sockeye CUs using the WSP lower
benchmarks. This step will be an iterative process as it is amongst the first salmon group in the Pacific
Region where WSP lower benchmarks are being developed; not all methodology has been finalized
including the use of multiple benchmarks to assess status.

Rationale for Advice Request:
What is the issue, what will it address, importance, scope and breadth of interest, etc.?

The development of Wild Salmon Policy (WSP) benchmarks is required for all salmon CUs in the Pacific
Region of DFO. The Pacific Region identifies "Pacific Fisheries Reform' as a key priority in its '2006-2010
Pacific Region Implementation Plan' and lists as the first action, implementation of the WSP. Fraser
Sockeye have been identified as one of the priorities for WSP CU benchmark development by the WSP
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Strategy 1 Steering Committee. Fraser Sockeye are a high profile species among British Columbia
salmon stocks and, as such, have greater pressure to comply with the WSP to evaluate stock status. In
addition, formal WSP stock status evaluations are conditions of certification for the Marine Stewardship
Council (MSC) for Fraser Sockeye Salmon identified in their 'Action Plan to Address Conditions for MSC
Certification for British Columbia Sockeye Fisheries'. The deadline for lower benchmark development
outlined in the MSC Action Plan is 'through December 2011'. Finally, WSP lower benchmarks for Fraser
Sockeye will be used in the Fraser River Sockeye Spawning Initiative (FRSSI) to be used in simulation
modelling to evaluate the performance of different management actions (escapement strategies) in
relation to stock status prescribed by WSP benchmarks.

A WSP lower benchmark methodology paper has been recently approved through PSARC and published
by the Canadian Science Advisory Secretariat (CSAS) (Holt et al. 2009). This paper evaluates four broad
criteria for assessing stock status that includes recent abundances, recent temporal trends in abundance,
distribution of spawners, and fishing mortality relative to stock productivity. Using multiple criteria to
assess stock status is required, particularly in light of declining productivity observed for Fraser Sockeye
stocks in recent years.

Subsequent to the development of these benchmarks, this request also includes the completion of a
preliminary review of the stock status for each Fraser Sockeye CU. As described in the previous section,
this will be an iterative process given all methods have not been fully assessed including evaluating stock
status when multiple benchmarks are available.

Possibility of integrating this request with other requests in your sector or other sector’s needs?

WSP lower benchmark priorities also include Barkley Sound Sockeye and Fraser River Chinook CUs.
This request will be linked with work conducted by Science teams working on these other CUs. All three
groups will provide leadership and guidance to the development of WSP lower benchmarks for the
remaining CUs in the Region through the WSP Strategy 1 Steering Committee and Working Group. This
work is being conducted by Regional and Area Science.

Intended Uses of the Advice, Potential Impacts of Advice within DFO, and on the Public:

Who will be the end user of the advice (e.g. DFO, another government agency or Industry?). What impact
could the advice have on other sectors? Who from the Public will be impacted by the advice and to what
extent?

Required directly by Stock Assessment and DFO Science to identify stock status for Fraser Sockeye
stocks for provision of advice to internal and external groups.

Fraser Sockeye are a high profile species among British Columbia salmon stocks and, as such, have
greater pressure to comply with the relatively new WSP to evaluate stock status. Formal WSP stock
status evaluations are conditions of certification (for marketing Fraser Sockeye internationally) by the
Marine Stewardship Council (MSC) for Fraser Sockeye Salmon; lower benchmark deadline as a
condition of MSC certification is 'through December 2011.'

Information completed on Fraser Sockeye conservation unit stock status is also required to feed into the
multi-stakeholder FRSSI process to evaluate performance of different management actions in relation to
stock status prescribed by WSP lower benchmarks.

Date Advice Required:

Version Date: Aug 25 2011 Submission to CSAS 183




Latest possible date to receive Science advice (dd/mm/yyyy): 05/01/2010

Rationale justifying this date: to have benchmarks in place to input into the FRISSI process and fishing
season for 2011.

Funding:
Specific funds may already have been identified to cover a given issue (e.g. SARCEP, Ocean Action
Plan, etc.)

Source of funding:

Expected amount:

Initiating Branch’s Approval:

Approved by Initiating Director: [] Date (dd/mm/yyyy):

Name of initiating Director:

Send form via email attachment following instructions below:

Regional request: Depending on the region, the coordinator of the Regional Centre for Science Advice or
the Regional Director of Science will be the first contact person. Please contact the coordinator in your
region to confirm the approach.

National request: At HQ, the Director of the Canadian Science Advisory Secretariat (Denis.Rivard@dfo-
mpo.gc.ca) AND the Director General of the Ecosystem Science Directorate (Sylvain.Paradis@dfo-
mpo.gc.ca) will be the first contact persons.
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PART 2:

RESPONSE FROM SCIENCE

In the reqgions: to be filled by the Regional Centre for Science Advice.

At HQ: to be filled by the Canadian Science Advisory Secretariat in collaboration with the

Directors of the Science program(s) of concern.

Criteria characterising the
request:

[] Science advice is requested
(rather than just information)

[] A sound basis of peer-
reviewed information and
advisory precedent already
exists.

[] Inclusiveness is an issue

[] Advice on this specific issue
has been provided in the
past.

[] Urgent request.

[] DFO is not the final advisory

body.
[] CEAA process
[] COSEWIC process
[] other:

Constraints regarding the
planning of a standard peer
review/Workshop:

[] External expertise required

[] This is a scientifically
controversial issue, i.e.,
consensus does not
currently exist within DFO
science.

[] Extensive preparatory work
is required.

[] Determination of
information availability is
required (prior to provision
of advice).

[] Resources supporting this
process are not available.

[] Expected time needed for

the preparatory work:

[] Other (please specify):

Other criteria that could
affect the choice of the
process, the timelines, or the
scale of the meeting:

[] The response provided
could be considered as a
precedent that will affect
other regions.

[] The response corresponds
to a new framework or will
affect the framework
currently in place.

[] Expertise from other DFO
regions is necessary.

[] Other (please specify):

Recommendation regarding the advisory process and the timelines:

[] Science Special Response
Process (SSRP)

[ ] Workshop

[] Peer Review Meeting

Rationale justifying the choice of process:

Types of publications expected and if already known, number of report for each series:

[] Science Advisory Report ()

[] Proceeding (| )
[ ] Other:

[] Research Document ()

[] Science Response Report (| )

Date Advice to be Provided:

[] Date specified can be met.

[] Date specified can NOT be met.

Alternate date, as agreed to by client Branch lead and Science lead (dd/mm/yyyy):
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OR

[] No Formal Response to be Provided by Science

Rationale:
[] DFO Science Region does not have the expertise required.
[] DFO Science Region does not have resources available at this time.
] The deadline can not be met.
[ ] Not a natural science issue (e.g. Socio-economic)
[ ] Response to a similar question has been provided elsewhere:
Reference:

Additional explanation:

Science Branch Lead:

Name: Telephone Number:
Email:

* Please contact Science Branch lead for additional details on this request.

Science Branch Approval:

Approved by Regional Director, Science (or their delegate authority):
Date (dd/mm/yyyy):

Name of the person who approved the request:

Once part 2 completed, the form is sent via email attachment to the initiating Branch contact person.

PART 3: PLANNING OF THE ADVISORY PROCESS

Science Branch Approval:

Coordinator of the event:

Potential chair(s):

Suggested date (dd/mm/yyyy) / period for the meeting:
Need a preparatory meeting:

Leader of the Steering Committee:
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