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Review Objective
 Provide a fundamental understanding of 

aquatic food webs in the Columbia River 
Basin and their effects on native fish 
restoration efforts 

 Spatial scope: tributaries, lakes, impoundments and the 
mainstem Columbia and Snake rivers, as well as the 
estuary and plume

 The review has five sections:  
 General concepts and applications 
 Description of the physical settings 
 Key environmental processes affecting food web characteristics 
 Food webs in typical habitats 
 System perspective re: contemporary and emerging issues



Scope of ISAB Review

 Compile and review the diverse literature to 
produce a coherent summary 

 Identify future research directions for improving 
restoration of fish and wildlife in the Columbia 
River Basin

 We do not make policy recommendations; rather 
we present current scientific understanding in a 
form that can be used by policy makers



It is through the food relation that animals touch each 
other and the surrounding world at the greatest number 
of points, …. the struggle for existence becomes sharpest 
and most deadly; and, finally, it is through the food 
relation ….. that animals are brought in contact with the 
material interests of man.

Stephen A. Forbes, The Food of Fishes, 1880

Food Webs are the Foundation 
for Fish Production



 1

 2 3

 4

 5

 6

 7
 8

 9

10
11

12

13

14
1516

17

18

1920
21

2223

24

25
27

28

29 30

31

32

33

34

35

363738

39

40

41

42

43

44

45
46

47

48

49

50

51 52 53 54

55

56 57 58 59 60 61 62 63 64 65

66

67 68

69 70 71

72

73 74 75 76 77 78 79

80 81 82 83 84

85 86 87 88 89 90 91

921

2

3

4

5

6

7

tr
o
p
h
ic

 h
e
ig

h
t

Food webs are 
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systems
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Preliminary Points of Interest

Mapping Habitat
Bioenergetics
Contaminants and Bioaccumulation
Estuary and Plume



Mapping Habitat
CRB Large Lakes

http://maps.google.com/maps?ll=46.875213,-116.850586&spn=13.522332,21.972656&t=p&z=6&key=ABQIAAAAWc1kTiUm4My2gfam_TzJoBSVXzTgRDD2-5J0zG4QZNmYUCPwzBQxdXID2gIlTs8a2xTxVnBdCYQksw&mapclient=jsapi&oi=map_misc&ct=api_logo�
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Food demand of spring-summer 
Chinook salmon smolts 

Lower Granite Dam to Bonneville, 461 km
~9 million hatchery and wild yearling Chinook, May 2008 
~13 day migration

Total food required: 166.5 metric tons (MT) 
33.3 MT dipterans 
52.1 MT other insects 
38.8 MT Daphnia 
42.2 MT amphipods

Each million juvenile shad 
consume 25-52 MT of food 
during July-September



Contaminants & Bioaccumulation
 ~182 pesticides (herbicides & insecticides) in use

 45,939 Mt of active ingredients applied annually



Contaminants & Bioaccumulation
 169 (US) wastewater 

treatment plants

 Contributions from 
current and emerging 
industrial contaminants 
(e.g., PAHs, PBDEs, 
pharmaceuticals and 
personal care products) 
remain largely unknown



Estuary & Plume

 Estuarine Food Web Structure and Dynamics are 
Detrital Driven

 Historical Changes in the Estuary – Loss of Wetland 
Habitat/Food Webs

 Overlapping Food Webs Between the Plume and 
Estuary



Gaps in Understanding Food Webs
 Historical Baselines
 Taxonomy
 Abundance, including Spatial and Temporal Trends
 Physical Controls on Structure and Processes, including 

Plume Dynamics
 Growth of Juvenile Fishes
 Effects of Hatcheries
 Chemical Contaminants
 Apex Predators
 Land-Water Interactions
 Water, Energy and Nutrient Fluxes at the System Scale
 Quantifying Ecological Networks



Implications for Restoration
Identifying Properties Sustaining Desired 

Ecosystem States
Sustaining Resilient Populations
Hybrid Food Webs and Legitimate Targets
Maintaining Productivity
Anticipating ‘Surprises’ and Developing 

Response Framework



Emerging Principles
 Minimize number and abundance of non-native species
 Monitor and contain use of artificial chemicals
 Manipulations to water, sediment and temperature, as well as 

artificial fish production, have system-scale consequences
 Predator-prey interactions and competition for food reverberate 

throughout the entire system
 Determine habitat-specific limitations on carrying capacity and 

growth
 Spatial diversity and temporal availability in foods have 

consequences for growth and survival
 Pathways by which nutrients and energy course through the 

system underpin productivity and resilience



The Next Steps ….
 Significant writing and editing remain
 Final recommendations to be determined
 Review completed in Autumn 2010
 Presentation to the Northwest Power Planning and 

Conservation Council in late Autumn 2010

Thank you!
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