
Conclusions:

• In non-pink (odd-numbered) emigration years, larger releases of hatchery Chinook salmon associated with more or same number of fish 

surviving to age 2/3 in the ocean and returning to Puget Sound

• In pink (even) years, larger releases of hatchery Chinook salmon associated with same number of or fewer fish surviving and returning 

• Possible mechanism(s): Indirect competition—in even-numbered years, pink salmon enter the Salish Sea earlier than Chinook salmon and 

alter the preyscape vs. Apparent competition—predation on juvenile Chinook increased when higher numbers of pink salmon are present

Figure 4. Run reconstruction of the total numbers of adult hatchery 

Chinook salmon from each region returning to Puget Sound (y-axis) 
vs. the number of juveniles released in pink (even-numbered) 

emigration years (red dots) or non-pink years (black dots) that 
produced those adults (x-axis). Black line is best-fit regression line of 

data from non-pink emigration years and red line is best-fit regression 
line of data from pink emigration years. 

Figure 3. Projected sub-yearling Chinook salmon recruits (age 2) in the ocean 

(y-axis) vs. the total number of juveniles released in each region (x-axis). Grey 
lines show projected values in non-pink (odd-numbered) emigration years while 

red lines show values in pink years. Dashed lines for each depict 95% posterior 
predictive intervals. The vertical dashed lines show the average annual number 

of releases for the most recent 5 years in each region.

Figure 2. Sub-yearling Chinook salmon marine survival to age 2 (y-axis) 

vs. annual regional hatchery releases (x-axis) for each stock assessed. 
Lines show model-predicted survival for pink years (even; pink color) and 

non-pink years (grey) and are based on 100 draws from the best-fit 
model’s posterior distributions. 

(1) Modeling hatchery Chinook salmon marine survival rates vs. 

numbers of juveniles released:

• Method: Fit hierarchical regression models to marine survival (to age 2 or 3 in North 

Pacific Ocean) time series

• Finding: Best-fit model included juvenile age at release (sub-yearlings or yearlings), 

release region, number of hatchery Chinook salmon released, presence of juvenile 

pink salmon, and interaction term between presence of pink salmon and number of 

hatchery Chinook released

• Presence of juvenile pink salmon: In non-pink years, greater hatchery 

Chinook salmon releases associated with increased marine survival. In 

pink years, opposite relationship predicted. (Figure 2)

• Method: Predict number of Chinook salmon age-2 recruits in North Pacific Ocean

• Finding: In non-pink (odd) emigration years, increased Chinook hatchery production 

associated with ~ linearly increases in age-2 recruits. In pink years, increased 

Chinook production associated with same or fewer number of recruits, which 

suggests presence of density-dependent mortality. (Figure 3)

• Uncertainty is considerable; observable differences between pink and 

non-pink years only when moderate to high numbers of hatchery Chinook 

salmon released

(2) Assess relationship between hatchery Chinook releases in 

even vs. odd years and adult returns to Puget Sound:

• Method: Regress numbers of juvenile hatchery Chinook salmon released in pink vs. 

non-pink years to the associated total run sizes of adult Chinook that returned to six 

regions in Puget Sound

• Finding: Hatchery Chinook released in pink years: negative relationship for 5 of 6 

regions. In non-pink years, negative relationship for 3 regions, positive relationship for 

3 regions. (Figure 4)

Research objectives:

• Examine past data on relationships between numbers of hatchery Chinook 

salmon released and numbers surviving in the ocean—when more hatchery 

Chinook have been released, have more survived to return as adults?

• Examined whether presence of juvenile pink salmon in Salish Sea are related 

to hatchery Chinook salmon marine survival.
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• Almost all southern Salish Sea pink salmon spawn in odd-numbered years and 

their juveniles emigrate in even years  “pink” vs. “non-pink” emigration years

• Past research: Ruggerone and Goetz (2004) found that from 1984-1997, higher 

survival of southern Salish Sea hatchery Chinook released in pink than in non-

pink years (didn’t look at numbers of hatchery Chinook released)

• CWT juvenile Chinook salmon released from 32 hatcheries since early 1980s, 

grouped into 8 regions (Figure 1)

• Response data (correspond to analyses at left): 

• (1) Hatchery Chinook survival to recovery in the ocean at age 2 or 3 

(immature state)  proxy for marine survival

• (2) Numbers of adult hatchery Chinook returning to the entrance of 

Puget Sound  total run reconstruction (adult returns)

Study site and data:
Figure 1. Map of the eight 

southern Salish Sea regions from 
which hatchery Chinook salmon 

assessed

Photo by Morgan Bond

Photo by Morgan Bond

Releases (millions)

A
d

u
lt

 r
e

tu
rn

s
 (
1

0
0

0
s
)


