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• greatest latitudinal range of all 

cutthroat trout (2,300 km)

• subarctic to mid-latitudes to 

temperate Mediterranean 

climate

• northern portion covered by ice 

during the last glacial advance 

of the Cordilleran ice sheet

• first-order streams, ponds, 

lakes, and large rivers

• long narrow band of coastal 

mountain ranges is one of the 

most seismically active region 

in North America





Life-History Diversity and Persistence in Dynamic Landscape

This suggests hypotheses about patterns of genetic diversity:

• balance between contemporary processes and historical events 

in shaping diversity is likely different across the range

• Genetic diversity in areas between Alaska and the Salish Sea 

should show historical effects of glaciation and recolonization 

• in the southern portion of the range that remained free of 

Cordilleran ice advances, genetic drift may be the dominant 

force shaping the current patterns of genetic diversity







Four phenomena characteristic of coastal cutthroat trout 

inform these hypotheses concerning the combination of 

life-history diversity and dynamic landscape:

• a restricted scale of population 

connectivity and structure

• complex patterns of 

recolonization after glaciations

• maintenance of unexpectedly 

high levels of genetic diversity in 

small populations adapted to 

survive in highly dynamic 

environment

• threat of anthropogenic changes



A restricted scale of population connectivity and structure

• Geographical distribution of 

coastal cutthroat trout suggests 

different modes of population 

connectivity and organization

• The dominant pattern of genetic 

population structure observed 

includes:

• Significant levels of genetic 

differentiation

• Connectivity between 

populations decreasing as 

distances between increase



Glacial Refugia

• south of Salish Sea along 
Washington, Oregon, and 
California coasts

• in the Haida Gwaii or Alexander 
Archipelago

• possibly near the central coast 
of British Columbia near Bella 
Coola

Information from haplotype variation 

in type 2 growth hormone gene 

(Costello 2006) and mitochondrial 

NADH dehydrogenase subunit 2 

gene (Loxterman and Keely 2012)

Complex patterns of recolonization after glaciations



Coastal Cutthroat Trout Paradox

High Genetic Variation in Small Populations

Maintenance of unexpectedly high levels of microsatellite DNA and 

allozyme diversity in populations with small, fluctuating abundances 

caused by dynamic environments

• most studies indicate that populations are small, are localized with 

limited dispersal, and fluctuate in abundance

• estimates of Ne support levels that would result in loss of genetic 

diversity (Costello 2006; Guy et al. 2008)

• maintain high genetic diversity (e.g., expected average heterozygosity, 

mean allelic richness), values similar to estimates for Chinook salmon 

and O. mykiss with abundances many times larger



Coastal Cutthroat Trout Paradox

High Genetic Variation in Small Populations

Several mechanisms offer possible hypotheses to explain this paradox

• gene flow – although apparently low and episodic, may maintain much of 

the variation

• rates of mutation – although assumed to be too low to add much new 

variation, episodic hybridization with O. mykiss might also influence 

genetic variation (Costello 2006)

• compensatory changes in mating behavior, such as iteroparity, sex ratio, 

and density-dependent dispersal (Costello 2006); could increase 

reproductive success while reducing variation of that success, increasing 

Ne and reducing genetic drift 



Anthropogenic Changes and Threats to 

Coastal Cutthroat Trout Diversity

• anthropogenic hybridization with O. mykiss

• altered habitats

• hybridization may be more common in degraded 

habitat

• varies across the range, especially north to south

• timber harvest, urbanization, and agriculture are the 

primary activities responsible that have altered and 

simplified physical habitat and ecological processes

• coastal cutthroat trout especially sensitive to changes 

in pool depth and complexity



Summary

• Unique features of landscape have shaped the 

diversity in coastal cutthroat trout

• Extensive length and short breadth exposed 

coastal cutthroat trout over distance and millennia 

to large climate differences

• Life-history strategies that exploit migration in 

nearshore and marine waters allowing gene flow 

and colonization

• Natural co-occurrence with O. mykiss with which it 

can potentially hybridize



Summary

• Most studies indicate that populations are 

small, localized with limited dispersal, and 

fluctuate in abundance

• Individual populations show significant levels 

of genetic differentiation with limited 

connectivity among populations – decreasing 

with distance

• The role and importance of hybridization are 

complicated because both natural and 

hatchery hybridization has occurred 



The big take home:

The persistence and genetic diversity of 

coastal cutthroat trout populations depends 

on the availability of appropriate habitat 

and the ability of populations to track and 

use available habitat. 



Populations Persist by Tracking Changes 

in Environmental Conditions

• Straying by adults

• Relatively high fecundity

• Juvenile dispersal

• Distribution of run-timing

• Distribution of age at ocean entry

• Overlapping generations

• Non-anadromous             anadromous life-history types





From Ebersole et al. 1997. Envir. Mgt. 21:1-14.



Natural disturbance events that 

influence salmonid populations 

throughout their range include:

• fires

• landslides

• glaciers

• earthquakes

• volcanic eruptions

• floods



Anthropogenic constraints that can influence 

the ability of salmonid populations to track 

changes in environmental conditions include:

• urbanization

• land management 

activities (e.g., timber, 

agriculture)

• fire (magnitude, 

frequency)

• flooding (magnitude, 

frequency) Fresno Bee (9/27/2009) Fresno Bee (9/27/2009)



From Ebersole et al. 1997. Envir. Mgt. 21:1-14.



“In this day of detailed research, surprisingly little is 

known of the cutthroat, especially in his sea-running 

phase. Life history, migration stages, feeding habitats, 

stream preferences, all are matters of vague surmise 

and angler’s observation. Even his peak spawning time 

remains a matter for debate, although it probably varies 

a good deal from one watershed to another.”

R. Haig-Brown 1964 – Fisherman’s Fall
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