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Columbia River ANS Surveys

• Middle 
Columbia 
River Survey 
(2006)

• 17 AIS

• Lower 
Columbia 
River Survey 
(2001-2003)

• 82 AIS



Survey Objectives

Characterize non-native species in the Columbia River 
to provide a baseline to:

– Calculate the rates and types of species introductions to 
the river, 

– Evaluate the efficacy of 
ballast water regulations, 

– Contribute new 
information to ongoing 
regional ANS studies

Literature Review/Field Surveys



LCR Literature Review Results

Nonnative fishes and plants are well documented

27% of fishes are non-native 

15% of aquatic plants are non-native

Little or no information on other taxa

Impacts of ANS poorly documented

Ex: Corbicula fluminea – Asian clam 

Major data sources: 
1984 Columbia River Estuary Data Development 
Program

Early 1990s Bi-state Water Quality Program

1999 EPA Environmental Monitoring and 
Assessment Program



Field Sampling
• 2002 (LCR)

– 53 locations for invertebrates and macrophytes

– 19 sampled for macrophytes

• 2003 (LCR)
– 36 locations for invertebrates

– 30 locations for macrophytes

– 7 locations for phytoplankton

• 2006 (MCR)
– 59 locations

• Sampling included
– Intertidal and subtidal mud, sand gravel, cobbles, rocks, banks, 

artificial substrates (floats and pilings), plants 

– Species lists was the goal, not quantitative data

– Minimum sieve size was 0.5-mm mesh 

– 250 micron net used for zooplankton

– 80 micron net used for phytoplankton



LCR Field Survey Results



• 28 of 35 nonnative 
invertebrates in the LCR 
have not been reported 
in other major bays and 
estuaries on the 
Northwest Coast
– Differences in hydrology 

and salinity

– Differences in sampling 
effort

– Differences in vectors

– Differences in degree of 
habitat alteration



LCR Vectors of Introduction



Origin of AIS in the LCR



LCR Invasion Rates

green = fishes    blue= invertebrates

• Fish

• High rate of 
introduction in 
1800s, lower rate 
in 1900s (1 new 
species every 10 
yrs)

• Invertebrates

• New species every 
5 years from 1880-
1975

• New species every 
5 months since 
1995
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Source: Ruiz et al. 2000. Annual Review of Ecology and Systematics



Middle Columbia River AIS



Habitat Alternation

Habitat alteration along the Columbia River estuary contrasting the 

shoreline position in 1868-1875 with the present shoreline shown in 

outline.  (Source: Lower Columbia River Bi-State Water Quality 

program http://www.ecotrust.org)

http://www.ecotrust.org/


Source and Volume of Ballast Water 
Discharge into the Lower Columbia River

Source: 2009 Oregon Task Force on Shipping Transport of Aquatic Invasive Species Report to the Legislature



Consequences of Bioinvasion

• Direct effects

– Predation
Juvenile and adult 
salmon encounter 20-
40 non-indigenous fish 
during migration 

(Sanderson et al. 2009. Bioscience 59: 245-256).

High numbers of 
introduced fish 
species are found 
where there are high 
numbers of listed 
native species



Consequences of Bioinvasion

• Indirect effects

Psuedodiaptomus inopinus
Jeff Cordell

Spartina foliosa x S. 
alterniflora hybrid 
from SFB

Homogenization of biotic       
communities and loss of 
biodiversity and ecosystem 
resilience

Food web alteration

Hybridization



Paracalanus sp.

Acartiura spp.

E. americana

Acartia tonsa

Cyclopidae

E. affinis

Corycaeus sp.

Oithona similis

P. inopinus

Other Copepods

> 10 psu 0 psu

Percent numerical composition of copepods across salinity gradient 
in 14 west coast estuaries without P. inopinus

in 7 west coast estuaries with P.inopinus

Source: Bollens, et al. 2002. Hydrobiologia 480: 87-110



Hypothesized Changes in Estuarine 
Food Webs

Pelagic Food Web (pre-invasion)
Bentho-Pelagic Food Web

(post-invasion)

Native copepods

juvenile

salmon

sculpin

Invasive copepods

mysids

Source: Steve Bollens, WSU-Vancouver



Conclusions
• Columbia River has a unique 

invasion “signature”

• Need repeat monitoring to 
document efficacy of AIS 
management measures

• Need better management 
and enforcement of 
regulations on vectors

• Direct and indirect impacts 
are poorly understood
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