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Objectives

• Estimate Predation Mortality of juvenile salmon & alternative 
prey fish by Cutthroat Trout & Northern Pikeminnow

• Estimate the Abundance of Predator Populations
– Mark-Recapture estimates
– Concurrently sample diet, growth, thermal exp., distribution

• Estimate predation by Cutthroat & Pikeminnow
– Quantify timing & magnitude of predation by different sizes and 

species of predators
– Importance of alternative prey (smelt cycles & sticklebacks) 
– Environmental factors (temperature, Light, Turbidity)

• Consider opportunities to reduce predation mortality
– Relationships between critical growth periods & predation 
– Thermal Stratification, effects on growth, & thermal stress



Preliminary Predation Data (March-Oct 2015)
Number of Samples & Size Distribution

Cutthroat trout
712 Sampled 
350 Marked

Northern Pikeminnow
1007 Sampled 
250 Marked thru August

Smallmouth Bass much more 
abundant than 10 years ago
568 sampled

Walleye less abundant, but LARGE
& in pre-spawning aggregations
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Model Inputs: 
Size structure, Growth & Survival
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Smaller Pikeminnow
feed mostly on Invertebrates,  
YOY Smelt & other fish

Larger Pikeminnow feed 
heavily on fish:
Smelt
Sticklebacks
Sockeye
Unid. salmonids
Other (Sculpin & Perch)
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1,000 Cutthroat trout >150 mm 
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Predation by a Size-structured population of 
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Predator Fork Length (mm)
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Predator Species: Marks

Captures 
(post 

marking 
period) Recaptures

Abundance 
Chapman 
estimator

Cutthroat trout 
>300 mm FL 329 169 4 11,220

Northern 
Pikeminnow 250 1007 1 x 

Smallmouth Bass x 653 x x 

Predator Abundance-Preliminary Results
as of October 10, 2015

Data from Casey Clark



Example from 2005-2006 study: Mortality rates 
per 1,000 predators of each spp

• 2005 Cutthroat trout
• 0.6% Smelt
• 0.6% Sockeye
• 1.6% Stickleback
• 1.1% Chinook

• 2005 N.Pikeminnow
• 0.9% Smelt
• 1.4% Sockeye
• 0.4% Stickleback
• 0.1% Chinook

So how many predators would it take to account for all 
observed sockeye mortality in L. Washington?
11,220 Cutts > 300 mm FL in 2005 would have resulted in: 
~21% mortality for Sockeye & Smelt, 
56% for Sticklebacks
39% mortality for juvenile Chinook
N. Pikeminnow predation? NPM appear more abundant than Cutthroat

Sockeye fry to presmolt survival has averaged 3.5% (1.0-6.5%) 2000-2014



Predation in the Lake Washington System
Juvenile Chinook Salmon

Cedar R: Most predation occurs Jan-Apr in Lower Reaches
30% mortality (66,000 Chinook eaten by Cutthroat trout 2010)

Lake Washington: 
Cutthroat trout > 300mm: 39% mortality
-Spr-Sum 2005 (135,000 juv. Chinook in Cedar)

N. Pikeminnow > 300 mm:
-May-July 2008 (salmonids = 36% of diet)
-

Smallmouth & LM Bass
-predation “very low” (1996-98)
-SM Bass abundance has increased dramatically

LW Ship Canal:
0.6% mortality from SM & LM Bass Apr-July 1999
% Predation by N. Pikeminnow?

Beauchamp et al. DRAFT Rept. SPU
Celedonia et al. 2008. 520 Bridge Telemetry
Tabor et al. 2014 Final Rept. SPU
Tabor et al. 2007 NAJFM 27:1174-1188
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Different Ways to Reduce Predation Mortality
• Reduce Predator Abundance or Size structure

• so fewer effective predators

• Faster prey growth reduces vulnerability

• Reduce the efficacy of predators:
• Reduce access to prey through time or space
• Reduce ability to find prey during periods of effective 

predation
• Most predators of salmon feed visually (Fish, Mammals, Birds)

• Light & Turbidity Affect Visual Feeding



Artificial Light Effects 
Much Higher within L. Washington,
Puget Sound & S. Strait of Georgia
compared to
Pacific Coastal Regions of US & Canada

Nocturnal Predation Threat much higher
than in adjacent regions
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Effective Capture Volume (m3/h)
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Effect of Urban Light Pollution on Predation Risk: 
-Nocturnal Migratory Corridors & Feeding Habitat
-Dark Nocturnal Refuge in Early Marine Life

7x increased risk

Seattle:
Urban Light Pollution & Skyglow
Increased Night Predation Risk 7x

Juv. salmon migrate downstream 
& through estuaries at night

Juv. Salmon stay in 0-15 m depths
In pelagic marine waters-no DVM

Depth of Ship Canal

Depth of juvenile salmon
In Puget Sound 0-15 m
thru July



Incidence of Piscivory

Hansen & Beauchamp. 2014. Freshwater Biol 59:2328-2341.

Diel Predation has shifted over decades:

-1980s strong dawn/dusk peak 
(~3 hr/day of high predation risk)

-2005-2015 peak feeding thru the night 
(8-15 hr/day of high predation risk)

Beauchamp et al. 1992. NW Sci.
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Diel Feeding by Piscivorous Cutthroat Trout in Lake Washington



Photo Credit: Tom Roorda

Elwha River Plume

Juvenile salmon:
Feeding on 
Zooplankton
& Surface Insect
w/out impediment

Piscivores:
Foraging Ineffective for:
-Pelagic Fish
-Some Birds & Mammals

Piscivores
effective



Restoration Concerns for Chinook
• Increasing predation threats in Lake & Ship Canal

• New & Increasing abundance of non-natives
• Walleye (specialized low-light predator), Smallmouth & Rock bass increases, Am. Shad

• Artificial light pollution (nocturnal refuges & migration corridors illuminated)
• Nocturnal light levels much higher than in 1980s: 
• Predation by Cutthroat trout has shifted from Dusk & Dawn in 1980s to All-Night
• Effective predation threat volume has increased by 7-8X & duration by 3-5X
• This threat extends through seaward migration corridors & near/offshore marine regions

• Thermal Impacts
• Ship Canal becoming a thermal barrier for adult Chinook & Sockeye

• Need a continuous coldwater corridor from lake thermocline to the Locks

• Surface layer excludes salmonids from hi Zoopl density during summer growth

• Delayed mortality (Marine Survival) related to freshwater 
experience

• Size-selective mortality
• Smolt-adult Survival strongly correlated with size achieved by July
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Lake Entry & Growth of Juvenile Chinook Lake Entry & Growth of Juvenile Chinook



2005 20152010

Illegally-Introduced Walleye in Lake Washington
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Thermal Environment

Vertical temperature profiles affect:
-Depth Distributions of fish
-Onshore-Offshore Distributions
-Affect Zooplankton 
-Separate OR Concentrate 

Predators & Prey
Organisms & preferred habitat

Warm surface waters during summer
-Preclude Salmonids seasonally
-Optimal growth range for: 

Stickleback
Perch
Age-0 Smelt

-Epilimnion favorable to non-salmonids
& higher zooplankton densities during
summer
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Northern Pikeminnow
Seasonal Distribution
• Winter

– In the vicinity of the cedar river
– North-end, around 

Sammamish slough?
• Spring

– Cedar River and Seward Park 
– Groat Point near 

Meydenbauer bay and 
shorelines north of I-90
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Northern Pikeminnow
Seasonal Distribution
• Summer

– North-end shoreline in 
June/July

– Shallow Bays
• Fall

– Areas 1 and 3 in September
– Seward Park? 
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Future Opportunities and Adjustments
• Depth-sensing Acoustic Telemetry underway for Cutthroat trout

• Use seasonal patterns in nearshore-offshore distribution & movement to 
construct alternative abundance estimates via purse seining & hydroacoustics

• 25 depth sensing tags implanted in large trout during May 2015
• An Array of Continuous recording receivers distributed around the lake (with 

Tom Quinn & MIT)
• Mobile diel tracking monthly

• Abundance estimate for Cutthroat trout can be used to construct 
abundance estimate for N. Pikeminnow

• Use relationship of catch rate of both species during seasons when nearshore 
distributions are similar (NPMcatch/CTcatch) x CT Abundance = NPM abund.

• Use Predator Abundance & size structure to scale predation up to 
population-level impacts on Sockeye salmon & other prey



Human Impacts on Visual Environment
• Change in land & water use
• Nutrient input/diversion (Ag & Urban)

– Productivity & Organic turbidity
• Turbidity Change:

– Increased by erosion
– Decreased by dams

• Urbanization-Artificial Lighting
• Manipulation of Predator & Prey Pops

– Hatchery stocking
– Non-native introductions



Size-Structured PREDATION
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Energy Expenditures of Adult Chinook 
from Locks to Cedar River

Days after Aug 1st
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Unintended consequences:
Reduced Nutrient Loading & Increased Transparency in L. Washington

7x increased risk

Kitano et al. 2008. Reverse Evolution in  Armoring of
Sticklebacks. Current Biol 18:769-774

Sewage diversion began 1960s
Completed 1970

Secchi disk
transparency

1-m 3-m 7-m

8x  increase
Predation risk

Piscivore


