
Reproductive Success of Wild and 
Hatchery Steelhead in Forks Creek

Thomas Quinn
School of Aquatic and 

Fishery Sciences
University of Washington



Broad Questions:

• What are the relative merits of segregated 
and integrated hatchery programs?

• Can hatchery and wild populations remain 
segregated?

• How might a transition from one program 
to the other be accomplished?



Overall project objectives

• Assess the effectiveness of a segregated 
hatchery program, including ecological 
opportunities for interaction

• Compare the reproductive success of 
naturally spawning wild and hatchery fish

• Determine patterns of mating and 
reproductive success in the hatchery

• Quantify heritabilities of traits under 
selection in the river and hatchery



Project Personnel

• Lorenz Hauser and Kerry Naish (faculty), 
and Paul Bentzen (former faculty)

• Todd Seamons, staff scientist
• Michael Dauer (graduate student), and 

Jennifer McLean and Greg Mackey 
(former graduate students)

• Rob Allen (hatchery manager - WDFW)
• Jenny Allen and Merle Hash (on-site 

technical help) 



Outline:

• Key features of the study
• Methods (field and lab)
• Selected results
• Problems and Issues
• The Future…



Forks Creek, Willapa River system, WA
• A wild, native winter 

steelhead run exists
• Washington merges 

Fish & Wildlife Depts.
• Out of basin hatchery 

steelhead smolts
brought to Forks 
Creek, clipped, and 
released to enhance 
fisheries in 1994 and 
1995



1996 and 1997
• 116 adults spawned 

in the hatchery
• 356 clipped adults 

allowed upstream
– Avg date Jan 31

• 53 wild adults 
– Avg date May 01 

Nov Jun
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1998 - present

• WDFW Wild Salmonid Policy: surplus 
hatchery fish were sacrificed rather 
than released upriver to spawn

• Thus the wild population received a 
two-year “pulse” of hatchery influence

• Some level of “integration” continues 
as hatchery fish evade trapping 



1996 - present
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Possible outcomes
• The numerous, naturally spawning 

hatchery fish may have produced no 
viable offspring, and so that run 
remains segregated from the wild fish

• Hatchery and wild fish may interbreed 
and form a blended population

• The hatchery influence on the wild 
population may diminish with time as 
they are gradually culled out



Field Methods: Adults

• Adults are diverted into the hatchery
• Wild fish are measured and released
• Hatchery fish are measured and 

spawned or killed (except in two years)
• DNA and scale samples obtained
• Radio tracking in the first two years





Field Methods: Juveniles

• Smolts trapped in April - June
• 0+ and 1+ juveniles sampled in the 

early years from sites in the creek 
• Smolts and juveniles sampled for:

– 1) length, weight
– 2) DNA 



Forks Creek smolt trap



Selected Results
• Opportunities for interactions 

– Spatial overlap of breeding
– Timing of return and breeding

• Production of offspring
– Fry, smolts and adults
– Classification to origin and parentage

• Breeding patterns in the hatchery
• Hatchery parentage results
• Trait heritabilities



Opportunities for interactions

• Radio tracking indicated that the wild 
fish tended to go farther upstream from 
the hatchery than the hatchery fish, but 
there was overlap in distributions.

H
Wild fish

Hatchery 
fish

Mackey et al. 2001



Temporal overlap was minimal 
between wild and hatchery fish
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Scale analysis indicates natural 
spawning by hatchery fish
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Did the hatchery fish reproduce 
in the river?

• Baseline of wild and hatchery fish 
established prior to contact

• Maximum likelihood methods used to 
assign fish to population of origin

• Microsatellite DNA parentage analysis
and



Assignment tests
• Baseline (1996-1998)

– Hatchery & wild (ad clip)
• Evaluated different methods

– Self assignment:
• 98% hatchery
• 91% wild

Parentage test validation
• 95% of unclipped fish whose parents had 
not been  clipped were assigned as wild
• 97% of unclipped fish whose parents had 
been clipped were assigned as hatchery



Estimated proportions of wild and hatchery 
steelhead smolts produced by natural spawning

Brood Year

Pr
op

or
tio

n

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1998 1999 2000 2001 2002 2003 2004 2005

Wild
Hatchery



Parentage assignment goals

• Determine the realized reproductive 
success of individual hatchery and wild 
fish, spawning in the river

• Determine the attributes of successful 
fish (spawning date, body size)

• Compare success rates of H vs. W fish



Samples for classification and 
parentage approaches

• O+ and 1+ juveniles in the river (first 
two years of potential contact) 

• Smolts (trap operated in all years; 
100% sample but not 100% efficient)

• Adults in all years (trap efficiency not 
100%, may vary seasonally)



Evolutionary processes in the hatchery

• “Mate choice” (who was 
spawned with whom)

• Realized reproductive 
success (adult returns)

• Heritability and 
evolution of traits



Mate choice in the hatchery:

The fish that were spawned were not a 
random sample, with respect to date or 
body size, of the population as a whole. 

Large fish and early arrivals (but not the 
earliest)  were most likely to be spawned, 
and large fish tended to be spawned with 
other large fish.



Reproductive success of hatchery 
fish, spawned in the hatchery
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Heritability Analyses
• Parent/Offspring regression
• Full sib vs. Half sib

Father / Son

y = 0.2382x + 0.0802
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Problems and Issues
• Funding variation in the past (pre-BPA) 

resulted in a large backlog of samples 
to be processed 
– completely overcome by now

• Incomplete trapping efficiency hinders 
our ability to do parentage analysis on 
naturally spawned fish 
– will resolve this with a better trap if 

funding is renewed



The Future

• WDFW is contemplating changing the 
protocols to make this an “integrated” 
hatchery program.

• Our baseline of information would 
make this an ideal setting in which to 
test predictions about the efficacy of 
this approach



Questions?


