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“In conclusion, this investigation has demonstrated the efficacy of ration
manipulation at specific times of the year to modulate growth and the
rate of yearling precocious male maturation without adversely impacting
smolt development in spring Chinook salmon.” — Larsen et al. 2006




What Factors Affect Age of

Male Maturation?

Growth
« temperature &
» food availability Body energy
 food quality stores

e emergence timing.J
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Mature male salmon
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Fish reared In hatcheries are much fatter than

Whole body lipid (% body wt.)

10 -

“wild” naturally reared fish

Critical period Yakima Hatchery
Sp. Chinook salmon

/ Hatchery Feed:
18-25% lipid

—

Natural diet: _ _
6-9% lipid C——__Yakima R. Wild

(Meier et al. 2000) Sp. Chinook salmon
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FEEDING RATE

7 x week

4 x week

Experimental Design

Two x Two Factorial, 4 replicate years

DIET TYPE
Bio-Clark’s 18% Fat Rangen’s 12% Fat
* 96,000 fish, 100% CWT * 48,000 fish, 100% CWT
e~ 2,000 PIT tags *~1,500 PIT tags
* Control Group, normal * Experimental diet from

feeding April-November

* 48,000 fish , 100% CWT * 48,000 fish, 100% CWT
*~1,500 PIT tags *~1,500 PIT tags

* Reduced ration from * Experimental diet from
April-November April-November
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Fry moved from stacks to troughs in Feb., fed Bio-Vita
(¢ ., starter for 1 month, then
experimental feeding

= m ‘ f K 7 ¢ 1 ¢ ]
— N NN /N /N /NN /\

Ponding in Raceways in late May, experimental
feeding until Dec. 1, then normal feeding

Low Fat - Low Fat-  High Fat -

: _ High Fat -High Ration
Low Ration High Ration Low Ration



Experiment Objectives

1. Determine portion of male fall Chinook
undergoing early maturation.

2. Assess physiological status during rearing to
determine how growth rates and lipid levels
affect minijack rates.

3. Assess effect of diet and ration level on post-
release performance.



Metrics Evaluated

Juveniles

1. Growth 6. Smolting profiles i ’ﬁw
2. % Solids (lipids) 7. Size at release |

3. Food conversion efficiency 8. Outmigration timing

4. Mortality rates 9. Outmigration survival

5. Cost efficiency

Adults

1. Timing of adult returns 5. Straying
2. Number of adult returns 6. Harvest
3. Age at Return

4. Size at age
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Smolt Physiology and Development

Results




Growth/Energy Status
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Oct Dec Feb Apr Oct Dec Feb Apr much higher
Growth Factor

High Fat, | LowFat, | HighFat, | Low Fat, levels.
High Ration||High Ration | Low Ration | Low Ration

REMINDER: ALL FISH ARE ON STANDARD HIGH-HIGH FEEDING STARTING DEC. 1

24
20 30 40 50

% Solid
22
IGF-I

20
10

18
0




Gill Na+ K+ ATPase

Fall Yearling
Smolting Smolting
N v
« Elevated gill ATPase
levels were present in
0 - both the fall and spring
* The smallest fish (Low-
“ Low) had the lowest
degree of fall smolting but
< had the highest ATPase
levels as yearling smolts!
N —
Oct Dec Feb Apr
High Fat, Low Fat, High Fat, Low Fat,
High Ration ||High Ration | Low Ration | Low Ration




Smolt Size At End of Experimental Feeding
(November 28)

50 mm 100 mm 150 mm

High Fat .«
High Ration
|

High Fat
Low Ration

|
|

Low Fat

Low Ration

Low Fat
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Loss Rates From Coded Wire Tagging

to Liberation

Brood Low Fat Low Fat High Fat High Fat
Year Low Ration | | High Ration Low Ration | | High Ration
2010 5.8% 7.5% 2.0% 5.7%
2011 14.6% 1.3% 1.6% 2.8%
2012 17.4% 2.2% 0.1% 2.8%
2013 34.3% 31.0% 1.8% 3.5%

Fish Health Issues: Hexamita, Enteric Redmouth,

External Fungus (at acclimation), Cannibalism
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Results from Minijack and
Adult Returns

Smolts from the fourth and final year of the study were releas .
in 2015, so most post-release datz ets are mcompjete'




Minijack Returns by Experimental Group
(BYs 2010-13; 1,208 CWT Recoveries)
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* Bars not sharing a letter are significantly different



Jack Returns by Experimental Group
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Total Adults by Experimental Group
(3,857 CWT Recoveries)

-
N
o

Adults / 10,000 Smolts
S S 3

o

-
o
o

H
o

I BY 2010

High Fat- Low Fat-

BY 2011 (only Age 4)

High Fat- Low Fat-

High Ration High Ration Low Ration Low Ration



Brood Year 2010 Age At Return
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PIT Tag Returns to Bonneville Dam
Run Year 2016

(16 tag Recoveries)
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Straying Above McNary Dam

Washington

rate = 20.5%

10-year avg. stray

McNary Dam\
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Hypothesis: Release groups that
exhibit better smolt profiles will
have lower stray rates.




Adult Straying

(903 CWT Recoveries)

I BY 2010 BY 2011 (only Age 4)

401
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