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August 2009
General Introduction
In 2008, the PSC Southern Boundary Restoration and Enhancement Fund provided
financial support for the project “Workshops that review the results of scientific studies
relating to late run sockeye salmon and the possible reasons for the poor returns to the
Fraser River in 2007” proposed by the PSC’s Committee on Scientific Co-operation. The
CSC suggested a two-day meeting to gather researchers, share information, and review
the results of studies on late run Fraser River sockeye salmon. In addition, a separate
one-day meeting was proposed to discuss the impacts of climate change on the freshwater
and marine survival of Fraser River salmon, with a focus on sockeye salmon.
In this report, we summarize the principle results from these two workshops and offer
recommendations to the PSC based on our conclusions. The recommendations follow
from the synthesis by CSC members and were not discussed explicitly at either
workshop. Our intent is to help set the environmental and scientific context for the next
10-year period within the PSC.

Part 1: Late-run Fraser sockeye
Background
In the mid to late 1990s, biologists noted that the late migrating sockeye stocks had
changed their behaviour and were entering the mainstem Fraser River without as along a
delay (previously 3-6 weeks) in the Strait of Georgia. Because the earlier river entry was
associated with the summer water temperature peak, these sockeye experienced unusually
high en-route and pre-spawning mortality, in part related to the parasite Parvicapsula.
There were additional concerns that the extreme mortalities observed for the Weaver,
Portage, Cultus and Birkenhead stocks would also occur for the much larger Adams /
Shuswap stock. Forecasts were that the return of the world famous Adams River stock
could be poor, relative to historic returns. These assumptions alarmed managers about
the overall health of Fraser river sockeye. If the mortalities occurred in the river prior to
spawning as many feared, the management of these late-migrating stocks could become
the most serious issue since the Hell’s Gate slide.
The Committee for Scientific Cooperation (CSC) organized a meeting of experts in
February 2001 to discuss the possible reasons for the altered behaviour of the late
migrating stocks. After two days, the following 16 hypotheses were accepted as possibly
explaining the early migration timing of the late migrating group of stocks.
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Contaminants
1. Adults approaching the Fraser River are exposed to chemicals that trigger early entry
into the Fraser River.
2. Out-migrant juveniles are exposed to chemicals that reduce their ability to hold as
adults.
Migration / Physiology
3. Diet may be responsible for changes to late-run sockeye behaviour.
4. One of more “biological clocks’ has / have been advanced leading to early upstream
migration.
Oceanography / Fisheries Oceanography
5. Exchange processes in the Strait of Georgia have altered delay behaviour in late-run
sockeye.
6. Interaction of diversion rate with physical ocean conditions affects late-run upriver
timing.
7. The fish behaviour has changed.
8. Changes in vertical distribution of late-run sockeye cause them to experience different
physical conditions, which alters delay behaviour.
9. Choice of river entry timing is related to conditions in year of ocean entry (smolt
effect).
10. Early upriver migration triggered by low stored energy reserve.
11. Exploratory data analysis of ocean parameters related to late-run upstream timing.
Parasites / Diseases
12. Smolts are infected near mouth of Fraser River.
13. Sockeye salmon acquire infection prior to Fraser River entry leading to a behavioural
change.
14. There is a relationship between parasite infection and host mortality.
Predators
15. Predation by harbour seals and killer whales has increased?
16. Sockeye salmon are fleeing into the Fraser River to avoid predators.
Given the anticipated economic impact of lost sockeye fisheries, DFO and the PSC
initiated studies to begin to evaluate these hypotheses, including a pilot telemetry
program to document migration behaviour and in-river mortality. In 2002, a group of
academics lead by Scott Hinch (UBC), with financial and logistic support of DFO and the
PSC, secured a large 6-year NSERC Strategic Grant to explore several hypotheses
involved with the early migration and high mortality phenomena. Research partnerships
grew in subsequent years, with additional support through the Southern Endowment
Fund. By 2006, the large, interdisciplinary program involved dozens of researchers from
government, academic and private organizations.
The CSC has followed the progress of late-run research since the initial meeting in 2001.
By late 2007, we recognized the need to present an overview of this work to the PSC and
consider next steps. In particular, we wanted to evaluate what had been learned and how
this information is being or could be used in sockeye fishery management. We proposed
to convene a meeting, similar to the one we organized in 2001. However, subsequent to
the CSC’s proposal, we learned of a multi-agency workshop being organized by Scott
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Hinch, primarily to report on progress under the NSERC Strategic Grant. The CSC
members agreed to combine efforts with Hinch and provide additional financial support
to the Hinch-organized workshop. The workshop was held at UBC in June 2008, with
almost 70 participants from universities, private consulting companies, fisheries
management organizations, non-governmental environmental organizations, First
Nations. All CSC members were able to attend.
Workshop results
The work conducted since 2001 has led to strong documentation of the enroute migration
of Fraser sockeye, including the speed of migration, physiological changes and survival.
Telemetry and conventional disk tagging studies since 2001 have confirmed that early
river entering late-run sockeye experience high mortality rates during their river
migration compared to fish which enter during more ‘normal’ times. Early-timed fish
encounter much warmer river conditions and accumulate more thermal units than normal
timed fish. Fortunately, however, late migrating stocks have not collapsed as had been
anticipated. Information presented by Mike Lapointe (Table 1) indicates that between
2005 and 2008, the abundance of late migrating stocks is lower than average for 13
stocks and above average for 11 stocks. The returns to the Harrison, in particular, have
been exceptionally large (Table 1). Overall, the pattern of returns has not been as
alarming as forecasted seven years ago.
Table 1. Summary of Late-run stock status trends (from PSC).
Cycle year
Stock group
Status indicator
2005
2006
2007
Lower Adams
Recent trend ratio to
+763%
+89%
-11%
average
Lower Shuswap Recent trend ratio to
-16%
+211%
-53%
average
Weaver
Recent trend ratio to
-95%
+38% +84%
average
Portage
Recent trend ratio to
-232%
+156%
-27%
average
Harrison
Recent trend ratio to
+8054% +1405% +786%
average
Cultus
Recent trend ratio to
-9%
-32%
-1%
average

2008
-68%
-184%
-56%
-109%
+65%
-1%

The research has shown that many early-entry fish are less healthy than fish which enter
later. Early-entry fish are relatively more reproductively developed, less osmotically
prepared for marine holding, stressed and experience high mortality. However, some laterun fish continue to enter later and consequently experience lower mortality. Large
annual variability in survival rates suggests a large annual variability in the controlling
mechanism(s). For example, mortality in the river was very low in 2002. Mean spawning
time has not changed in spite of the more advance maturation state of the early entry fish.
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Using "data-mining" methods, Rick Thomson (DFO) showed that wind direction in the
summer is associated with the timing and direction of migration. Since sockeye salmon
are not all equally affected by ocean conditions and since approach times have not
changed, the wind direction may be affecting fish that are already “stressed.” In very
recent genomic studies, Kristi Miller (DFO) detected disease signatures in the early-entry
fish which were tagged and sampled off the Queen Charlotte Islands. The genomic
studies suggest that sockeye become ill on the high seas (although they could acquire the
disease agent at any point in their life cycle).
Based on these results (and others summarized by Hinch), conference presenters were
able to reduce the initial list of hypotheses (see below) and propose a conceptual model
involving open ocean and coastal processes as an aid to predicting river entry timing.
Contaminants: cannot be eliminated but not considered highly likely
1. Adults approaching the Fraser River are exposed to chemicals that trigger early entry
into the Fraser River.
2. Out-migrant juveniles are exposed to chemicals that reduce their ability to hold as
adults.
Migration / Physiology: true, but trigger mechanism probably related to disease effect
4. One of more “biological clocks’ has / have been advanced leading to early upstream
migration.
Oceanography / Fisheries Oceanography: oceanographic link likely, but only limited
progress on a mechanism
5. Exchange processes in the Strait of Georgia have altered delay behaviour in late-run
sockeye.
6. Interaction of diversion rate with physical ocean conditions affects late-run upriver
timing.
11. Exploratory data analysis of ocean parameters related to late-run upstream timing.
Parasites / Diseases: behaviour likely results from disease effect, but source of infection
is unknown
12. Smolts are infected near mouth of Fraser River.
13. Sockeye salmon acquire infection prior to Fraser River entry leading to a behavioural
change.
14. There is a relationship between parasite infection and host mortality.
In general, impacts have been stock specific and have not been uniformly distributed over
the aggregations of sockeye stocks used for fishery management purposes. Harrison
stocks, for example, are at historic high levels of production despite the fact that they are
included in the late-run management grouping. Indeed, we believe that understanding the
processes that are causing the improved survival of Harrison stocks (see more below)
may be a key to understanding the future responses of all sockeye stocks in the Fraser
River system.
Fisheries managers at the conference provided mixed opinions on whether the research
results could convert directly into management actions. Some advocated concentrating
more fishing within the Fraser River in early to mid-August when the prospects for
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survival of late-run sockeye were particularly poor. Such a tactic could increase harvests
of healthier stocks while minimizing short term impacts on late-run stocks. In contrast,
other managers suggested forgoing fisheries to allow some of the earliest upstream
migrants to successfully reach the natal areas and spawn, since these migrants would be
amongst the most valuable to protect in a long term evolutionary sense.
Only a few late-run stocks have been examined in detail but there is good evidence that
stock-specific adaptations exist. In particular, Farrell has documented substantial amongstock variation in the "scope for activity" as a function of water temperature, a clear
reflection of among-stock differences in thermal adaptations. Future work could examine
the capacity for adaptation in key Fraser sockeye stocks, not just late-run fish because as
the Fraser River continues to warm from year to year, there is a significantly increased
risk of high mortality even in normally timed late-run fish and other run-timing groups.
The study of diseases should also increase in importance as diseases will likely play
much larger and more obvious roles as agents of en-route and pre-spawning mortality in a
warming Fraser River. Understanding which stocks will be able to thrive, which ones can
barely survive, and which ones will be extirpated in the near future is not only a purely
scientific query, but also a fisheries management and policy concern.
We conclude that the research conducted on late-run sockeye was high quality. It has
greatly improved our general understanding of the migration physiology of Pacific
salmon in general and sockeye salmon in particular. The researchers also have a very
strong record of publishing and communicating their results. Despite the quality of this
science, however, study results have not yet produced clear management advice. We can
say that the current management framework for Fraser sockeye using large multi-stock
aggregates is unlikely to be adequate for the future.

Part 2: Climate and Fraser salmon
Background
The issues associated with late-run Fraser sockeye have analogies with other stocks and
species, suggesting a general change in ocean conditions. For example, between 1993 and
2001, the average entry time for Fraser pink salmon advanced by over two weeks. In
1991, 1994 and from 1995 to the present, coho left the Strait of Georgia late in their first
marine year and, except for 2000 and 2001, they did not return until late summer. This
behaviour change was unprecedented and almost synchronous with the timing of the
change in migration timing of late returning sockeye salmon.
The CSC-sponsored meeting on climate and Fraser salmon was held on February 6, 2009,
at the PSC conference room in Vancouver. The date was picked to coincide with the
conference “Save the Salmon” because of the overlap in topics and potential participants.
We structured the workshop by inviting 11 participants in addition to the CSC members.
The meeting began with opening presentations by Mike Lapointe (PSC) and Dick
Beamish (CSC) to establish the background and context. The remainder of the meeting
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was structured by asking each participant to present their views. Specifically, they were
each asked to address how they thought salmon would be impacted by climate change,
the priorities for additional research, the management strategies that could be considered,
and any other related issues. Discussions ensued around the statements made by each
participant.
The participants came from a range of backgrounds and brought different perspectives to
the broad issue of climate change and Pacific salmon. In general, participants spoke to
their areas of expertise, and the discussions therefore were reflective of the attendees'
areas of expertise and associated biases.
Workshop results
It was evident from the workshop that the late-run studies provided valuable information
on migration behaviour. We now have a mechanistic understanding of temperature
migration effects in-river. For example, work by Tony Farrell has identified different
critical temperatures levels (where the oxygen consumption rate is reduced below that
required for routine body function) for three Fraser sockeye stocks. Scott Hinch’s
experiments with adult late-run Fraser sockeye highlighted the potential importance of
thermal refugia in mitigating mortality rates during high temperatures periods. Didson
monitoring at Qualark in the Fraser Canyon showed that fisheries push the migrating fish
further offshore, requiring more energy to swim against the current. This could
exacerbate the effects of warmer water on upstream migration.
Thanks to a long history of salmon research, we understand the importance of quality
freshwater habitat to salmon survival. We also have some ability to mitigate hatching and
rearing success and juvenile freshwater survival, for example, through releases of cold
water during critical periods. However, in order to understand impacts of climate change,
we need to understand marine mortality (early marine mortality and adult stage). The
ocean habitat is very complex. Information is weak on where the salmon migrate and the
sensitivity of migration patterns to changes in climate.
Variability in the ocean, in terms of links to food, is almost entirely wind-driven. Climate
models predict wind pattern changes, with the Aleutian low moving to the Bering Sea
and with more southerly winds in the Bering Sea. Some evidence suggests that coastal
upwelling could increase along the coast in summer. Warming over land, which affects
winds, could lead to sustained cold water. In addition, studies relating to hypoxia, anoxia
and acidification are still in the early stages. For example, surveys in the Gulf of Alaska
in the 1990s identified pterapods as a primary prey species; they could be strongly
impacted by acidification.
In conclusion, we consider climate change to be a serious issue which will impact Pacific
Salmon Treaty stocks. In particular, we expect the abundance and distribution of Fraser
River salmon stocks to vary considerably over the next 10-year period. Events of 2009
(including the poor summer run return, the strong Harrison return and the strong pink
return) could be leading indicators of this change.
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Part 3: Overall recommendations
1. The PSC should design policies and procedures which anticipate ongoing changes
in the abundance and distribution of key salmon stocks.
While the precise impacts are largely speculative, climate change is already evident. The
Fraser River is now about 2°C warmer during the summer than in the 1940s, and the
Strait of Georgia is now almost 2°C warmer than in the early 1970s. With warming, most
Fraser sockeye stocks are expected to experience higher freshwater, at-sea, and en-route
mortalities (depending on the stock). A combination of factors could potentially benefit
other stocks (pink salmon?) which could increase in abundance at least over the short
term.
2. The PSC should design policies and procedures which allow in-season
adjustments to changes in salmon stock abundance, return timing, and distribution.
At this point, climate change is not well enough understood, especially at the local level,
to anticipate the timing or magnitude of the changes which will occur. We expect
increased environmental variability leading to greater uncertainty in short term forecasts
of adult return abundance. In order to allow orderly fisheries, management must have the
ability to respond quickly when return data are updated. Where in-season adjustments are
not feasible, more conservative harvest rates may need to be incorporated into pre-season
management plans.
3. The PSC in cooperation with DFO should update the management adjustment
model to incorporate results from the late-run studies.
Investigators made considerable progress in understanding and predicting the en-route
mortality experienced by late-run sockeye. This knowledge could be applied to improve
the management adjustment model (used to modify escapement targets for predicted enroute mortalities). The current model (developed more than 5 years ago) is based on
historic associations among forecasted differences between lower and upper-river
escapement estimates, environmental conditions and/or entry timing. Recent research
suggests how environmental variables, which may be surrogates for physiological
processes, could be integrated more effectively into the models to increase their
biological realism. The need for spatially and temporally explicit migratory information
in near real time could however be an obstacle to any improvements. Improved
quantification of the biological mechanisms underlying both en-route and pre-spawn
mortalities could also assist in post-season escapement evaluations and in pre-season
planning.
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4. The PSC should develop a science plan to address climate change research and
monitoring needs in partnership with other organizations.
The changes in freshwater and marine habitats resulting from climate change will
eventually impact all salmonids in the Fraser system. Current understanding of the
climate impacts is generally poor. Fishery management will require more information and
significantly better integration of research and monitoring results. We recommend that a
science plan be developed to address these research and monitoring needs, beginning
with Fraser River sockeye salmon. The science plan could guide future decisions on
research funding for various organizations or agencies.
Given the myriad of challenges, the climate workshop discussed the need for a suite of
research programs across different stocks and life stages. Such a program is beyond the
capability of any one organization. The PSC could obtain some leverage for its research
programs through partnership activities with other organizations and agencies (e.g., North
Pacific Anadromous Fish Commission, North Pacific Marine Science Organization, etc.).
Periodic meetings of researchers would help ensure that the direction of the science plan
is maintained and the results are communicated to and discussed with managers.
The CSC could be tasked to take on the responsibility of developing the science plan.
5. The science plan should include as a priority the identification of salmon
populations which have the greatest chance of long term persistence.
Through the studies on late-run Fraser sockeye, significant progress has been made
towards understanding the in-river behaviour of migrating sockeye salmon and their
temperature tolerances. These data will contribute to understanding the impacts of
climate change on returning adult salmon, and in particular, on the response of sockeye
populations to temperature stress. For example, in-river and pre-spawning mortality
appear to be directly correlated with the total thermal load experienced by particular
stocks during their migrations from the ocean to their spawning grounds. Within the
current stock groupings used for management, there is a wide range of variation in the
total thermal loads prior to spawning, which in turn implies considerable variation in prespawning mortalities.
We recommend additional studies to identify which Fraser sockeye stocks are more
tolerant of high temperatures and/or acquire smaller thermal loads during their up-river
migration. The late-run studies indicated that some stocks will experience higher
mortalities when river temperatures rise. Stocks that are susceptible to these high
mortalities may not be viable in areas where warming occurs under climate change.
Consequently, restoration efforts may be more successful (and therefore more warranted)
for stocks with current higher temperature tolerances. Tools based on temperature
physiology could thus be used to identify populations which have the greatest chance to
persist.
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One caution with this scenario is how quickly populations might adapt to temperature
increases. Since we know that sockeye are highly adaptable, we might predict that
evolutionary responses would be rapid under intense selection pressure (i.e. high
mortality) as temperatures increase. On the other hand, any major mortality events could
drive populations below a size at which they are viable.
6. The science plan should include as a priority the coordination of salmon research
in the northeast Pacific Ocean.
Most scientists now recognize that long-term research and monitoring are needed to
support an integrated multi-disciplinary study of all aspects of the life history of Pacific
salmon. Each life history stage will face a different suite of challenges with different
possibilities for prediction and/or mitigation. Given the long tradition of salmonid
research, we now have reasonable knowledge of freshwater juvenile stages. The recent
late-run Fraser sockeye studies have contributed significantly to our understanding of the
adult up-river migration process. In contrast, while we have initiated some monitoring
programs in coastal waters, we have virtually no information on Fraser sockeye rearing in
the Gulf of Alaska.
Since many of the current questions focus on marine survival, research and monitoring in
the coastal and open ocean is a logical priority where the focus is understanding and
prediction. For example, the effect of ocean acidification on salmon food supply, growth
and survival may become a concern. Coordination with scientists from the western
Pacific would make the best use of research support.
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