Puget Sound coho

Overall vulnerability—High (8% Moderate, 92% High)
Biological sensitivity—High (7% Moderate, 93% High)
Climate exposure—High (1% Moderate, 99% High)
Adaptive capacity—High (2.1)

Data quality—89% of scores > 2
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Life History Synopsis

Puget Sound coho adults migrate relatively short distances (<1-150 km) upstream to
spawning grounds. Migration begins in late summer or early fall and is often timed with rain
events. Coho take advantage of shallower floodplain channels to spawn (\Weitkamp et al. 1995).
Most coho smolts migrate at age 1+, but a significant proportion may migrate in spring or fall at
age 0+. Subyearling coho may rear in estuaries, but employ several strategies. Some may rear in
the estuary of the natal river and then move to nearshore areas or migrate back upstream. Others
leave as fry and find small, non-natal rearing streams. Average rearing time for age 1+ fish is
less than one week, while rearing time is likely more than 4-10 weeks for subyearlings (Beamer
et al. , Koski 2009, Jones et al. 2014).
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Most Puget Sound coho move directly into deeper waters of Puget Sound and out to
coastal waters from Oregon to northern British Columbia (Morris et al. 2007, VVan Doornik et al.
2007). However, some may rear for an extended time within Puget Sound and may be captured
in deeper waters of the sound into November. Most fish migrate relatively short distances in the
ocean, and maturing fish are caught in fisheries from Vancouver Island to the Washington coast
and within the Salish Sea (Weitkamp et al. 1995). Early marine climate signals explain a large
proportion of the variation in total return rate (Beamish et al. 2000, Beamish and Mahnken 2001,
Zimmerman et al. 2015a). Almost all females return after 2 winters at sea, although males may
return as jacks (Weitkamp et al. 1995).

Climate Effects on Abundance and Distribution

Few studies have examined the effect of climate factors on the population productivity of
Puget Sound coho. In colder systems, some juveniles migrate at age 2+ (Zimmerman et al.
2015a) Rearing in rivers is likely limited by low flows in summer. High flows in winter may
also impact survival, particularly in areas with few floodplains, side channels, or off-channel
rearing areas. This was reflected in a high sensitivity score for the juvenile freshwater stage.
Summer temperature barriers exist in some lowland river systems, and these conditions are likely
to worsen under climate change. This DPS also received high exposure scores for stream
temperature and hydrologic regime shift, causing the juvenile freshwater stage to qualify as a
highly vulnerable life stage. About 10% of the spawning habitat is expected to shift from
transitional to rain dominated by 2080, and 2% from snow dominated to transitional, based on
our analysis (Appendix S2). Yearling fry do not rear extensively in estuaries, except as refuges
during large floods.

Climate change will likely reduce summer rearing capacity as a result of low flows and
high water temperatures, thereby shifting more juvenile migrants to the estuarine-dependent
type. However, rearing in estuaries is likely already temperature-limited in late spring and
summer (Miller and Sadro 2003, Hall et al. 2018). Delayed rainfall can interrupt adult migration
and extend exposure of adults to mortality risk within Puget Sound, as well as present spawn
timing challenges (Weitkamp et al. 1995). This could greatly impact marine survival. Early
marine climate signals (temperature, upwelling, Pacific Decadal Oscillation) explain a large
proportion of the variation in total return rate, suggesting climate change may have significant
impacts to this DPS (Beamish et al. 2000, Beamish and Mahnken 2001, Zimmerman et al.
2015a). These risks were reflected in a high sensitivity score for marine stage.

There may be linkages between declining adult body size, egg size, and juvenile size at
migration, leading to life-cycle based shifts in total mortality (Holtby et al. 1990). Some of these
shifts may be the consequence of marine or incubation thermal regimes (Quinn et al. 2004).
Nonetheless, the imminent risk of cumulative life-cycle effects was considered relatively low.

Sea level rise is affecting the amount of rearing habitat, possibly offset in some places by
higher sedimentation rates. Exposure to sea level rise ranked moderate. Juvenile coho consume
marine arthropods including crab larvae, krill, and amphipods. Some crabs, including
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Dungeness crab are thought to be sensitive to direct effects of ocean acidification (Busch and
McElhany 2016), as well as to indirect effects of ocean acidification on the benthic food web
(Marshall et al. 2017, Hodgson et al. 2018). As with all DPSs, exposure to ocean acidification
ranked very high. Fish larvae (possibly physiologically sensitive to ocean acidification) are also
an important food source (Daly et al. 2009, Sweeting and Beamish 2009).

Extrinsic Factors

Some regions of Puget Sound are experiencing losses in primary production and
increases in eutrophication, possibly due to anthropogenic nutrient inputs (Snover et al. 2005).
These can be exacerbated by higher temperatures and increased stratification, and could impact
fish via losses in secondary production and hypoxia (Snover et al. 2005). In addition, when high
flow events are preceded by extended dry periods, non-point source pollutants may accumulate
rapidly in streams and cause pre-spawn, egg, and juvenile mortality (Scholz et al. 2011). These
factors contributed to an overall ranking for other stressors as high.

Puget Sound coho is not presently protected under the Endangered Species Act, and
sensitivity to population viability was ranked low. However, populations of this DPS historically
have low abundance, particularly those in south Puget Sound. Likely this is a result of lost or
degraded spawning habitat in small creeks, as well as loss of floodplains in larger rivers (Pess et
al. 2002, Zimmerman et al. 2015b).

Adaptive Capacity

Adaptive capacity was ranked high for Puget Sound coho. Climate change will likely
reduce summer rearing capacity as a result of lower flows and higher temperatures, but coho
retain the capacity to shift to a more estuarine-dependent life history type. Similarly, coho in
Puget Sound historically had protracted spawn timing, extending to March in some rivers; under
higher winter flood scour conditions, this later timing might be more successful. (\Weitkamp et
al. 1995). Adults also display climate-sensitive plasticity in run timing, which might allow them
to avoid high temperature stress in streams prior to spawning and subsequent maladaptive early
emergence of fry.
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