
Fish 531 (4 credits) 
Aquatic Food Web Processes 
Spring 2012 
Room:FSH 314 
Time: T-Th 10:30-12:20  
Instructor: Dave Beauchamp, office FSH 220B davebea@uw.edu 
 
Learning Objective: 
Students should gain an understanding for how environmental and ecological processes influence 
physiology and behavior of organisms that contribute to the structure and function of aquatic 
food webs in ways that affect water quality and potentially regulate the population dynamics of 
species of interest for society, management, and conservation.  This course will highlight links 
between terrestrial and aquatic habitats and examine how temporal-spatial variability in 
environmental conditions, nutrients, food supply, predation, and competition among species and 
life stages regulate species in freshwater and marine food webs.  Behavior and physiology of 
individuals will be mechanistically linked to distribution, trophic interactions, and processes 
relevant to ecosystem-based management.  
 
The course will be composed of 2-hour lectures on Tuesdays and directed readings on 
Thursdays.  Students are expected to read the assigned reading and comment on them by 5:00 
pm Wednesday, before the Thursday discussion session.  A team of 2 students will lead each 
discussion session.  The teams are expected to assimilate the posted comments from the Catalyst 
discussion group page, and come prepared with questions and potentially other materials to 
facilitate class discussion. 
 
Course Project: Groups will be formed during week 2.  Although team efforts are highly 
encouraged, students can pursue an individual project if they have a compelling reason (e.g., 
thesis-related topic doesn’t align with other group topics).  Each team will select a food web 
related issue to explore as their project.  The team must initially articulate one or more key 
question(s) that define and guide the direction of the term project.  To enhance interest, I 
recommend focusing on food webs and issues that are highly relevant to the Pacific Northwest 
region or are globally-relevant.   
 
Some example questions might include: 
-Effects of [land use, climate, acidification, regulated hydrology, and/or invasive species] on 
[water quality, productivity and survival/sustainability of {desirable or undesirable} species in 
[Puget Sound, Columbia River Basin, Lake Washington drainage, NE Pacific Ocean, or other 
systems]. 
 
Describe attributes of each major trophic level, links to other trophic levels, energy pathways, 
and resource management problems. Consider how to measure, monitor, and estimate key 
metrics for each relevant trophic level. Determine the most appropriate currencies (e.g., mass 
balance or dynamics of carbon and nutrients? biomass? production? demography? 
combinations?), processes (environmental, physiological, behavioral, anthopogenic), and scales 
(temporal, spatial, ontogenetic) for addressing important aspects or dimensions of your 
questions.   
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Design a study plan, and give a team presentation during the last week of the term. Each team 
will assign individuals to specific topical areas. Each student will be graded on both their 
individual contribution and the overall quality of the group effort. 
2012 Project = Role of non-native lake trout in western lake food webs 
-Can prey spp or potential competitors like kokanee, native cutthroat trout, bull trout, or 
whitefishes persist in presence of lake trout? 
-If so, under what conditions? 
-What are the major food sources supporting the energy budget of lake trout through their 
ontogeny? 
-When do they become effective predators on specific prey spp? 
-Are prey refuges effective at reducing predation pressure by lake trout? What are these 
refuges? E.g., depth, strong thermal stratification, hypoxia, physical habitat complexity 
(rocky interstitial refuges, macrophytes, LWD) 
 
The take-home midterm exam is related to the Individual/Team project and is essentially an 
annotated bibliography of potential reference material and an inventory of data you plan to use 
for your class project.  For the assignment, include citations for your reference material, and add 
a brief description of what type of data or other information will be important for your project. 
Include an evaluation of the quality of the key data: Does it include potentially important 
variability related to season, age or size, location, etc., or are these data pooled to the extent that 
it's only minimally useful? Is it recent and taken from your target water body directly? An 
adjacent water body? If not, how applicable will this information be? (e.g., could you use it 
directly, or just consider it as some informational background material). 
 
Your annotated bibliography should be relatively brief, but informative enough for the class to: 
1. evaluate the nature, extent, and quality of the information you have available 
2. Identify potential connections between your topic and other members' topics 
3. Give us an opportunity to recommend supplementary info or data AND discuss what the 
appropriate scope of your topic should be (i.e., limit or expand) 
 
Grading:  
20% Participation in Reading discussion via posted comments and in-class discussion 
20% Discussion leader performance 
20% midterm exam (take home) 
40% Team project (based on individual’s assigned content and integration with group) 
 
 



Weekly Lecture topics and Readings  
(*Primary readings for discussion, other readings are required background for lectures) 
 
1. Introduction and Overview. Structure of freshwater and marine food webs. Primary 
producers through apex predators.  Trophic levels and trophic efficiency. Biomass and 
production. 
*Paine 1980 Food webs: linkage, interaction strength and community infrastructure. J. Anim. 

Ecol. 49:667-685. 
*Carpenter, S.R., J.F. Kitchell, and J.R. Hodgson. 1985. Cascading tropic interactions and lake 

productivity. BioScience 35(10):634-639. 
 
2. Energy pathways and trophic dynamics at different spatial and temporal scales. Links 
among food webs. Trophic subsidies. 
*Nakano, S., and M. Murikami. 2001. Reciprocal subsidies: Dynamic interdependence between 

terrestrial and aquatic food webs. Proceedings of the National Academy of Sciences 
98:166-170. 

*Polis, G.A., W.B. Anderson, and R.D. Holt. 1997. Toward and integration of landscape and 
food web ecology: The dynamics of spatially-subsidized food webs. Annual Reviews in 
Ecology and Systematics 28:289-316. 

Vadeboncoeur, Y., M.J. Vander Zanden, and D.M. Lodge. 2002. Putting the lake back together: 
Reintegrating benthic pathways into lake food webs. BioScience 52:44-54. 

Vadeboncoeur, Y., G. Peterson, M.J. Vander Zanden, and J. Kalff. 2008. Benthic algal 
production across lake size gradients: Interactions among morphometry, nutrients, and 
light. Ecology 89:2542-2552. 

 
3. Climate, Seasonality, & Physical forcing effects on food webs: Environmental mediation 
of trophic interactions at different scales 
 
*Winder & Schindler 2004. Climate change uncouples trophic interactions in an aquatic 

ecosystem. Ecology 85:2100-2104. 
*Mantua, N.J., S.R. Hare, Y. Zhang, J.M. Wallace, and R.C. Francis. 1997. A Pacific 

interdecadal climate oscillation with impacts on salmon production. Bulletin of the 
American Meteorological Society 78:1069-1079. 

 
4. Can trophic interactions regulate populations and influence the structure & function of 
aquatic ecosystems? (Dave will be gone Apr 19-TBA) 
*Tronstad, L.M., R.O. Hall, T.M. Koel, and K.G. Gerow. 2010. Introduced lake trout produced a 

four-level trophic cascade in Yellowstone Lake. Transactions of the American Fisheries 
Society 139:1536-1550. 

*Stein, R.A., D.R. DeVries, and J.M. Dettmers. 1995. Food-web regulation by a planktivore: 
exploring the generality of the trophic cascade hypothesis. Canadian Journal of Fisheries 
and Aquatic Sciences 52:2518-2526. 

*Ellis, B.K., J.A. Stanford, D.G. Goodman, C.P. Stafford, D.L. Gustafson, D.A. Beauchamp, 
D.W. Chess, J.A. Craft, M.A. Deleray, and B.S. Hansen. 2011. Long-term effects of a 
trophic cascade in a large lake ecosystem. Proceedings of the National Academy of 
Science. 108:1070-1075.  



Carpenter & Kitchell. 1988. Consumer control of lake productivity: large-scale experimental 
manipulations reveal complex interactions among lake organisms. BioScience 38:764-
769.  

Strong, D.J. 1992. Are trophic cascades all wet? Differentiation and donor-control in speciose 
ecosystems. Ecology 73:747-754.  

Persson, L., S. Diehl, L. Johansson, G. Andersson, and S.F. Hamrin. 1991. Shifts in fish 
communities along a productivity gradient of temperate lakes-patterns and the importance 
of size-structured interactions. Journal of Fish Biology 38:281-293. 

 
5. Identifying, measuring, & quantifying food web interactions, linkages, Food Supply & 
Demand. 
Ney, J.J. 1990 Trophic economics in fisheries: Assessment of demand-supply relationships 

between predators & prey. Reviews in Aquatic Sciences 2:55-81. 
McIntyre, J.K., D.A. Beauchamp, M.M. Mazur, and N.C. Overman. 2006. Ontogenetic trophic 

interactions and bentho-pelagic coupling in Lake Washington: Evidence from stable 
isotopes and diet analysis. Transactions of the American Fisheries Society 135:1312-
1328. 

*Baldwin, C.M., D.A. Beauchamp, and J.J. Van Tassell. 2000. Bioenergetic assessment of 
temporal food supply and consumption demand by salmonids in the Strawberry Reservoir 
food web. Transactions of the American Fisheries Society 129:429-450. 

*Vander Zanden, M.J., and J.B. Rasmussen. 1999. Primary consumer δ13C and δ15N and the 
trophic position of aquatic consumers. Ecology 80:1395-1404. 

 
Take home Midterm Exam-given Thursday, due on Tuesday at class next week 
 
6. Linking Processes at the Individual Level to Food Webs:  Bioenergetics & Optimal 
foraging 
*Mittlebach G.G., and C.W. Osenberg 1994. Using foraging theory to study trophic interactions. 

Pages 45-60 in D.J. Stouder, K.L. Fresh, and R.J. Feller, editors. Theory and Application 
in Fish Feeding Ecology. The Belle Baruch Library in Marine Science. Number 18. 
University of South Carolina Press. 

 
7. Mechanistic approaches to linking predators & prey 
*Christensen, B. 1996. Predator foraging capabilities and prey anti-predator behaviours: pre- 

versus post-capture constraints on size-dependent predator–prey interactions. Oikos 
76:368–380. 

*Beauchamp, D.A., C.M. Baldwin, J.L. Vogel, and C.P. Gubala. 1999. Estimating diel, depth-
specific foraging with a visual encounter rate model for pelagic piscivores. Canadian 
Journal of Fisheries and Aquatic Sciences 56 (Supplement 1):128-139. 

 
8. Impacts of Invasive Species on Food Webs 
*Mills, E.L., and 17 co-authors. 2003. Lake Ontario: food web dynamics in a changing 

ecosystem (1970–2000). Canadian Journal of Fisheries and Aquatic Sciences 60:471-490. 
 
9. Food webs and resource management (contaminant bioaccumulation, fertilization, 
eutrophication, biomanipulation) 



*Carpenter, S.R., and 20 co-authors. 2007. Understanding regional change: A comparison of two 
lake districts. BioScience 57(4):323-335. 

*Hyatt, K.D., D.J. McQueen, K.S. Shortreed, and D.P. Rankin. 2004. Sockeye salmon nursery 
lake fertilization: Review and summary of results. Environmental Review 12:133-162. 

McIntyre, J.K., D.A. Beauchamp. 2007. Age and trophic position dominate bioaccumulation of 
mercury and organo-chlorines in the food web of Lake Washington. Science of the Total 
Environment 372:571-584. 

O’Neill, and J.E. West. 2009. Marine distribution, life history traits, and the accumulation of 
polychlorinated biphenyls in Chinook salmon from Puget Sound, Washington. 
Transactions of the American Fisheries Society 138:616-623. 

 
10. Class project presentations-Tuesday session 
Readings: Short- & long-term trade-offs between growth & mortality risk 
Biro, P.A., J.R. Post, and E.A. Parkinson. 2003. From individuals to populations: prey fish risk-

taking mediates mortality in whole-system experiments. Ecology 84:2419-2134. 
Biro, P.A., J.R. Post, and M.V. Abrahams. 2005. Ontogeny of energy allocation reveals selective 

pressure promoting risk-taking behaviour in young fish cohorts. Proceedings of the Royal 
Society B 272:1443-1448. 
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Fisheries 17(2):23-35. 

Caddy, J., Csirke, J., Garcia, S. M., and Grainger, R. J. R. 1998. How pervasive is ‘‘Fishing 
down marine food webs.’’ Science, 282: 1839. 

Essington, T.E. 2007. Evaluating the sensitivity of a trophic mass–balance model (Ecopath) to 
imprecise data inputs. Canadian Journal of Fisheries and Aquatic Sciences 64:628-637. 
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strength in natural food web. Canadian Journal of Fisheries and Aquatic Sciences 
61:2215-2226. 
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Megrey, B. A., K. A. Rose, R. Klumb, D. Hay, F. E. Werner, and L. Smith. 2007. A 
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