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SUMMER CHINOOK LIFEHISTORY?
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Hatchery spring/summer Chinook life history

Yearling Smolt
1+ yr (spring)

“Microjack”



What is a Minijack?

• Maturation of males in Chinook salmon is a 
plastic trait that can occur at variable ages

Age-5 “Adult”

Age-4 “Adult”

Age-3 “Jack”

Age-2 “Minijack”
“Sharpie”



What do we know about minijacks in 
Chinook salmon?

Minijack Rates:
• Wild: naturally-occurring phenotype; hard to 

quantify
• Hatchery-/Experimentally-reared: 11.5 to 93%

Factors that affect maturation:
• Genetic component (Hard et al. 1985, Heath et al. 1994)

• Growth rate (Clark and Blackburn 1994, Silverstein et al. 1998)

• Energy stores (lipid) (Shearer and Swanson 2000)

• Genotype*Growth (Aubin-Horth and Dobson 2004, Piche et al. 2008) 



Study Objective: Document production of 
minijacks in yearling spring and summer 

Chinook salmon in Columbia Basin 
hatchery populations.

Smolt Production Hatchery

Eastbank Hatchery, near Wenatchee, WA



• Visual inspection of the testes

How to detect a minijack?

Summer (prior to Fall spawn)

Maturing Testes

Late Spring (prior to Fall Spawn)



Plasma 11-ketotestosterone (11-KT)

Major androgen in teleost fish
 Regulates spermatogenesis
 This hormone tells us which male fish are minijacks



Census hundreds of fish prior to release from the 
hatchery

53% minijacks47% immature
males
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9 Spring Chinook hatchery programs 
5 Summer Chinook hatchery programs

Harstad et al. In Review

• BYs: 1999-2010

• # of years 
sampled ranged 
from 1 to 12 
years

Hatchery Facility

Acclimation Site



Hatchery Program Definitions
• Integrated: uses some 

degree of natural-origin 
adults for broodstock

• Segregated: uses only 
hatchery-origin adults 
for broodstock

Ideally 2 genetically separate 
populations

Wild Hatchery Wild Hatchery

Gene flow between hatchery 
and wild environments



Methods: 300 fish/minijack screen

• Size at release (fork 
length, mm)

• Collect blood plasma
• Visual inspection of 

gonads to determine 
sex of fish

• Assay plasma of males 
for 11-KT



Minijacks observed in all hatchery programs



Spring Chinook: 
Minijack rate averaged 31% (of males)

Range: 
7.9 - 71.4%

Average

15% of all smolts 
released are 
minijacks!
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Range: 
4.1 – 40.1% 

Summer Chinook: 
Minijack rate averaged 19% (of males)

Average

10% of all smolts
released are 
minijacks!
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Can we model these results?



31 million yearling spring/summer Chinook 
salmon released annually in the Columbia 

River Basin (Columbia River DART)

# Minijacks = ?Overall Minijack rate = 28%
= 4 million minijacks! 



Factors Affecting Minijack Rates: 
Growth

• Size at release



STOCK

Linear Regression:
R2 = 0.63 
p = 0.003

STOCK

Spring Chinook: Minijack rate is 
strongly correlated with size at release

%
 M

in
ija

ck
s

Size at Release (mm)

Integrated



Spring Chinook: Not so simple
STOCK: LOCATION
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Integrated spring Chinook hatchery 
populations sampled had higher minijack 

rates, even with smaller size at release

• These segregated programs have been in place for 
several decades

• An example of domestication selection? 



Summer Chinook: Size at release again 
correlated with minijack rate for 

integrated stocks

%
 M

in
ija

ck
s

Size at Release (mm)

STOCK: LOCATION

Methow-Okanogan: R2=0.67

Wenatchee: R2=0.99



Trade-off between growth and 
Minijack rate



• Integrated programs produce ~30-70% minijacks

• For integrated programs (supplementation and captive 
brood):  This is a cautionary tale that trying to produce 
larger smolts to increase smolt survival may result in the 
production of more minijacks.  May need to tailor rearing 
to accommodate this sensitivity

• For segregated programs: This study suggests that 
domestication selection may have changed the 
relationship between growth and minijack rates in these 
fish.  Segregated programs may be able to release larger 
smolts

What does it mean? 



Potential consequences of high minijack
rates

 Loss of adult production

 Ecological impacts

 Alter accuracy of Smolt-to-adult 
(SAR) return rates

 Straying?
 Genetic impacts



STOCK

Linear Regression:
R2 = 0.63 
p = 0.003

STOCK

Spring Chinook: Minijack rate is 
strongly correlated with size at release
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Minijacks were recently implicated in the low RRS of Wenatchee 
Basin hatchery fish spawning in the wild



What’s next?

500 500 500 500 500 500 500

500 500 500 500 500 500 500

500 500 500 500 500 500 500

Common Garden Rearing Experiment
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Figure 5. 
Larsen et al. 2013 TAFS

What we do 
know about 
minijack rates 
between 
hatchery and 
wild fish at 
CESRF and 
Prosser Dam

CESRF MJ rates 
at release

~40% H

Summary

MJ rates at 
Prosser

~20% H

~2% W



Figure 8.  Larsen et al. 2013 TAFS

Summary

What we do 
know about 
sex ratios 
between 
hatchery and 
wild fish from 
CESRF and  
Prosser Dam

CESRF sex ratio 
at release

50:50 H
F:M

Sex ratio at 
Prosser

56:44 H

58:42 W
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