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Snake River Steelhead

• Migrate > 400 km

• Stream-maturation

- Enter in summer/early fall

- Fast 6 to 12 months

• Repeat-spawning low

- 2-4% (Long & Griffin 1937)

- 1.6% (Whitt 1954)

- 0.5-1.2% (Keefer et al. 2008)

• “Effectively semelparous”  
(Burgner et al. 1992)



• What are the effects of prolonged fasting 
on target tissues?

• How does stored energy (in tissues) 
change during upstream migration, 
reproduction & what remains post 
spawning?

• Are inland SH preparing for ocean re-
entry?

• Are inland SH energetically different from 
SH with higher rates of  iteroparity?

Research Questions



SH Migrate Downstream Post 

Spawning

Kelt at Fish Creek, ID

Kelt at Lower Granite Dam, WA

Kelt at Lower Granite Dam, WA

Kelt at Potlatch River, ID



Tissue Profiles 

What are the effects of prolonged 

fasting on selected tissues?



Why Do SH Fast?

• G.I. tract costs 

energy (40%)

• Freshwater not as 

productive as sea

• Maximize benefits of 

cold water



Objective

Necropsy and evaluate 

microstructure between sexually 

mature & good condition kelt

steelhead 

Fasting      vs.   Recovering



Lethal Sampling 

• Necropsy

- G.I. tract examined for food

• Selected tissues 

preserved

- Pyloric stomach

- Liver

- Spleen

- Ovary (kelts only)

• Micro-structural analysis  

- H&E stain



Evidence of Feeding

Smolts & other fish Invertebrates

• 38% of LG kelts were feeding

• 58% of good condition females 

had food or fecal material in the 

G.I. tract



Pyloric Stomach

Sexually Mature

villi
lumen



Pyloric Stomach

Sexually Mature Kelt

villi
lumen villi

lumen



Ovary Tissues- Oocytes Present

• Perinucleolar oocytes

• Early/late stage cortical 

alveolus oocytes present

• No vitellogenic oocytes

observed 

Opportunity for repeat spawning in 

kelts either sequential or skip

No lipid 

deposition
Lipid 

deposition 

present



Fork Length (cm)
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Spearman correlation coefficient:

-0.6060; P = 0.0017



Summary

• Kelt organ recovery & 

feeding begins in freshwater

• G.I. tract is off at maturity 

• Kelts turn G.I. back on

• Little necroses in tissues  

• Oocytes present



More Information



Objective

Quantify broad scale changes in lipid, 

protein, & energy content from early 

migration to kelt emigration

White muscle target

(60% by mass)



Energetic Analysis

• Proximate

• Bomb 

Calorimetry

(kJ/g)

• Converted to 

wet wt.

PROTEIN
H2O

LIPID
ASH



Energy Content of Tissues

• Lipid (26.4 kJ/g)

• Protein (20.1 kJ/g)

• Spawning costs
- Upstream migration

- Gonadal maturation

- Secondary sexual characters

- Redd building/competition

Visceral Fat in G.I. Tract

White Muscle Fillet



Early Fall Winter Mature Kelt
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Early Fall Winter Mature Kelt
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Good Fair Poor
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Protein By Kelt Condition (Female only)
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Summary 

• Lipids are prioritized

• Little change during 

winter (4°C)

• Poor condition kelts

have less energy

• Protein only remaining 

energy



More Information



Are Kelts Preparing for 

Seawater?

Compare steelhead at sexual maturity 

and as migrating kelts using metrics 

used for smolts.

• Gill Na+-K+-ATPase (NKA)

• Plasma sodium, chloride, glucose

• Thyroxine (T4)

• Body silvering



Kelt Condition Affects Plasma Metrics
Chloride
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 Kelts and Mature Steelhead 

Gill Na+K+ -ATPase activity
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Silvery kelts

A

B



More Information



Large-sized Inland vs. Coastal

Stocks with different rates of 

iteroparity

Inland Columbia/Snake 

River Steelhead
Coastal Situk River 

Steelhead



Situk River Weir (ADFG)

• Iteroparity rate:

(9-25%)

• 35.2 km

• Stream-maturing

• Ocean-maturing

Situk River weir



Potlatch River 

- Little Bear (~795 km)

- Big Bear (~793 km)

- East Fork (~835 km)  

- West Fork (~853 km)

Upper Clearwater River 

- Fish Creek weir 

(~942 km) 

Clearwater Weirs (IDFG)
Potlatch River

Fish Creek 



Non-lethal Blood Sampling

• Plasma metrics 

can be grouped 

to describe 

- Nutritional 

- other factors



Triglycerides

Potlatch Fish C. Situk
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Cholesterol

Potlatch Fish C. Situk

C
h

o
le

s
te

ro
l 
(m

g
/d

L
)

0

50

100

150

200

250

300
Phases with the same 

letter are not statistically 

significant at the 0.05 level

a

b

a

Kruskal-WallisTest

P-value < 0.001



Kelt Median Fork Lengths

• Potlatch (69 cm)

• Fish Creek (75 cm)

• Situk (80 cm)

• Larger gas tank

- Better mileage?

- Harder to re-fill?

Situk Kelt

Fish Creek Kelt



Summary
• Nutritional & energy plasma factors are 

higher in Situk River kelts

• Plasma electrolytes & enzymes variable

- Tissue damage

- Osmoregulation

- Stress

• Emigration difficulty

OCEAN

Situk (~30km)

Snake (>600km)



Conclusions

• Inland Snake River 

steelhead are

iteroparous

• Kelts rely on 

protein for 

emigration

• Energetically 

constrained



Managing For Iteroparity

• Kill spawn vs. live 

spawn

• Large emaciated 

smolts

• Barriers & passage

• Non-turbine routes
- Wertheimer & Evans (2005)

- Colotelo et al. (2013)



Kelt Re-Conditioning

• CRITFC

- Yakima

- Warm Springs

- Colville

- Nez Perce

• When to intervene?

• Kelt selection

• What do kelts need?

Re-conditioning Projects in 

Columbia River Basin
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