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RETHINKING STRATEGIES FOR
INCREASING SALMON SURVIVAL
It’s a long-held belief that a series of dams in the Snake River in Northwest USA constructed nearly 50
years ago has led to serious declines in Chinook salmon populations. However, new research by
Dr David Welch and his team from Kintama Research Services Ltd shows that survival of Chinook salmon
measured by a wide range of government agencies has fallen by 65% along the whole North American
West Coast over this period. These results have significant implications for informing conservation
strategies to protect and restore this important species.

Salmon Populations in Trouble
The abundance of salmon in the North
Pacific has reached record levels.
However, most of this increase is in just
two species – pink and chum salmon
– in far northern regions, attributed in
part to ocean ranching – a type of fish
farming where juvenile fish reared in
hatcheries are released into the ocean
to grow before harvest.
In contrast, all West Coast North
American Chinook salmon populations
are experiencing serious declines. The
situation is similar for most southern
populations of coho, sockeye, and
steelhead salmon. These dwindling
species are of higher economic value
and are the focus of many indigenous,
sport, and commercial fisheries.

Chinook salmon are native to the North
Pacific Ocean and the river systems
of western North America, ranging
from California to Alaska. They are
born in freshwater and can undertake
complex movements among a variety of
freshwater habitats to find food before
migrating to the sea as ‘smolts’. They
then spend multiple years at sea before
returning to their natal freshwater
habitat to spawn and die.
In North America, declines in salmon
populations since the 1970s were
originally assumed to be caused by
humans modifying freshwater habitats
in the populous southern regions, which
initially saw the greatest decrease. On
the Snake River, the largest tributary
of the Columbia River, many dams
have been constructed between its
headwaters in the Rocky Mountains to
where the Snake joins the Columbia
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River mainstem. It is widely believed
that these dams are a major factor
behind population declines in Chinook
salmon in the Columbia River Basin. The
poor survival of Snake River Chinook
salmon has resulted in them being
listed under the US Endangered Species
Act.
In order to examine the large-scale
patterns of Chinook salmon survival
from the Snake River and other regions,
Dr Welch and his colleagues at Kintama
Research Services Ltd have been
analysing government data to compare
the ‘smolt-to-adult return rate’ for
Chinook salmon from central California
to southeast Alaska. The team used
the results to examine existing theories
around population decreases, and to
question whether current management
practices are appropriate.

‘We were shocked to discover that the survival of salmon across British Columbia
or in Puget Sound is now as low or lower than the reported survival of Snake River
populations, which everyone thought had terrible survival because of the dams.’

Challenging Existing Theories
One long-held theory is that the survival of Snake River Chinook
is low because poor survival at sea is caused by ‘delayed
mortality’. In a nutshell, the theory argues that ocean survival
is bad partly because of the many dams the young fish had to
migrate through to get there. However, the new data analysis by
Dr Welch and his team indicates that Chinook salmon declines
are similar from California to Alaska – and most of these river
basins have no dams.
‘Our analysis of all the available data shows that survival
everywhere is low – and has fallen by three-fold, or 65%, across
the board over the last 50 years,’ says Dr Welch. ‘We were
shocked to discover that the survival of salmon across British
Columbia or in Puget Sound is now as low or lower than the
reported survival of Snake River populations. Everyone thought
that Snake River populations had terrible survival because of
the dams.’
Dr Welch is keen to point out that this doesn’t mean that the
dams aren’t causing problems for the salmon; rather, the
team’s results suggest that the dams’ influence could be minor
and they aren’t a major factor affecting salmon productivity.
‘The existence of this same decline in Chinook returns across
essentially all of Alaska and the Canadian portion of the Yukon
River, where human-induced freshwater habitat impacts
are negligible, is an example of how simple explanations
are potentially wrong,’ says Dr Welch. ‘If survival across this
vast swathe of relatively pristine territory is severe enough to
seriously impact salmon productivity, then there is little hope
that modifying freshwater habitat in more southern regions will
support a newly productive environment for salmon.’

Another key issue identified by the team was a problem with
the Passive Integrated Transponder (PIT) tagging system used
to record adult salmon survival in the Columbia River. Many
millions of dollars are spent each year on this system and in
analysing the data from it. However, when Dr Welch and his
team looked closely at the system, they found that the harvest
of PIT tagged salmon in the fisheries was unaccounted for and
was large and variable. This omission introduces major biases
into the many survival studies using PIT tags, which assume
that harvest in fisheries is negligible.
In fact, the use of the PIT tagging system for studying salmon
survival could be even more problematic. Under the terms
of the US-Canada Pacific Salmon Treaty, the coast-wide
management of fisheries for Chinook salmon is abundancebased, which means that managers are required to increase
harvest when Chinook survival is high and restrict harvest when
it is low. As a result, managers are actively modifying harvests
in just the right way to obscure any survival fluctuations
attributable to the dams. Because biologists seeking to
improve survival back to the river work independently of the
managers and are not accounting for what happens at sea,
they may actually be responding more to imperfections in the
harvest management system rather than identifying how the
dams really affect survival.
This previously unrecognised limitation of PIT tagging
methodology is critical to current management efforts in
the Columbia River basin, which largely rely on studies using
PIT tags. Fortunately, the Kintama team was able to collate
sufficient survival data for Columbia River populations using
alternative tagging methodology used elsewhere in the Pacific
northwest to allow coastwide survival comparisons to be
carried out.
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The Way Forward for Salmon Conservation
‘Evidence that Chinook salmon smolt-to-adult returns have
decreased to roughly 1% in many regions along the West
Coast of North America is both surprising and important,’ says
Dr Welch. ‘These decreases in survival have occurred despite
governments’ best attempts to increase salmon populations
through harvest regulation, construction of hatcheries, and
freshwater habitat restoration.’
A major assumption underlying these efforts is that regional
factors such as habitat degradation or salmon farms
significantly contribute to declining Chinook populations.
However, the similar decline across the whole study region
suggests a different view is likely. ‘At the broadest level, the
major implication of our results is that most of the salmon
conservation problem is likely determined in the ocean by
common processes,’ explains Dr Welch. ‘Nobody really knows
why salmon survival is dropping in the ocean – there is much
speculation and some correlation-based analysis, but nothing
definitive.’
If this view is correct, then developing a better understanding
of the relationship between the ocean-phase of the Chinook
salmon lifecycle and population survival rates will be central
to successful efforts to restore their populations. This has
significant implications for current policies for salmon
conservation and management. ‘Attempts to improve smoltto-adult return rates by addressing region-specific issues such
as freshwater habitat degradation are unlikely to be successful,’
says Dr Welch. ‘Given the geographically widespread collapse in
survival, the research community needs to reassess several core
conservation assumptions.’
In terms of the Snake River populations, the theory of daminduced delayed mortality still plays an important role in
Columbia River salmon management. Another of the Kintama
team’s current results is of direct interest here, as the broad

range of populations they studied showed no consistent
evidence that migrating through more dams reduced survival
– the hallmark of the delayed mortality theory. Therefore,
expensive changes to hydropower operations intended to
improve survival may have little impact.
The Kintama team recommends that in future better
coordination will be necessary between fisheries managers
controlling a wide range of ocean and river fisheries and
research biologists working in the Columbia River to
improve salmon returns, to ensure that the role of fisheries is
incorporated into future analyses and not ignored. However,
there is also a critical need to move away from correlationbased studies that compare just a few populations to much
broader studies which recognise that the contributing factors
may be both complex and beyond our ability to control.
Dr Welch believes that closer attention needs to be directed to
how smolt-to-adult return rates are quantified and how salmon
rebuilding targets are defined in North America. His team is
calling for a systematic review by funding agencies to address
consistency and comparability of the smolt-to-adult return
rate data generated and to further assess the implications of
survival falling to similar levels in most regions of the west
coast.
Overall, the policy implications of Chinook salmon survival
converging to similar levels nearly everywhere along the
west coast of North America are profound. The findings of
Dr Welch and his team indicate that current salmon fisheries
management and population rebuilding strategies both need
to be re-evaluated. This could involve moving away from
strategies based on historical theories around human-induced
freshwater habitat degradation and looking more towards
factors driving population decline in the ocean-phase. The way
survival data are collated and interpreted is critically important,
as is correctly incorporating the impact of fisheries on salmon
survival.

W WW.SCIENTIA.GLOBAL

Meet the researchers
Dr David Welch
President and CEO
Kintama Research Services Ltd
Nanaimo, British Columbia
Canada

After gaining his BSc in Biology and Economics from the
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