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 Bioenergetically-based food web models, when coupled with directed sampling 
for diet, growth, size structure, thermal experience, and estimates of relative or absolute 
abundance of consumers and prey populations, provide an effective method for 
quantifying trophic interactions in a temporal, spatial, and ontogenetic framework. By 
quantifying linkages in a food web, we can identify strong interactions that potentially 
regulate populations in aquatic communities. We can address commonly recurring questions 
such as:  
1. Determine whether predation, food supply, competition, or environmental conditions 

are important factors limiting survival or production of various species or life stages 
of interest;  

2. Identify and quantify which species or size classes interact most strongly, and periods 
when critical interactions occur.  

3. Simulations can be extended to examine various scenarios to determine if certain 
management options are feasible or potentially effective.  

4. What are the strengths and weaknesses of this approach? What are viable alternatives, 
and how do we decide which method is most suitable for a given set of objectives and 
circumstances? 

 
This course is intended for graduate students, professional biologists, and advanced 
undergraduates (with permission from instructor). Proficiency with common analysis tools in 
Excel is recommended (e.g., Pivot table analysis, histograms, regression). A basic 
understanding of descriptive statistics and regression will be useful background for this 
course. Students are encouraged to bring questions and data from their research projects into 
the course. 
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Syllabus 
Fish 530: Application of Bioenergetics Models to Research and Management 

 
Winter Quarter 2011, 4 credits 
T, Th 10:30-12:20 Fisheries Science Building 136 
Instructor: Dave Beauchamp, davebea@uw.edu 
Office hours-after class or by appointment 
 
Text and software CD: Hanson, P. C., T. B. Johnson, D. E. Schindler, and J. F. Kitchell. 
1997. Fish bioenergetics 3.0. Wisconsin Sea Grant Institute. WISCU-T-97-001. 
 
You can order via the Wisconsin Sea Grant website: seagrant.wisc.edu and click on the 
“Publications Store” button to purchase via credit card ($20 plus shipping and handling). 
You can also order by phone at (608) 263-3259. For questions, contact Linda Campbell 
<linda@aqua.wisc.edu> 
 
For additional information and support for this software, consult the following 
website: http://limnology.wisc.edu/research/bioenergetics/bioenergetics.html 
 
The software will not work with the Windows 7 operating system, but you can download 
a Microsoft patch that creates a virtual XP space that enables the bioenergetics software 
to operate: 
http://www.microsoft.com/windows/virtual-pc/download.aspx 
[www.microsoft.com] 
 
Just follow instructions for the download.  Then, you can open up the bioenergetics 
program under the virtual XP desktop. 
 
Course Description 
Bioenergetics models provide a useful framework for mechanistically determining what 
factors affect feeding and growth of aquatic organisms and for quantifying consumption 
under dynamic environmental and ecological conditions.  These models allow us to examine 
what factors limit populations of interest (seasonal food supply, predation, competition, 
environmental conditions).  In this course, you will acquire a conceptual understanding of 
bioenergetics principles, then learn to construct and apply bioenergetics models for fish 
and/or invertebrates to a wide array of management and research questions about trophic 
interactions, design supporting studies, and critically examine this approach and others 
through lecture, literature discussion, computer exercises, and projects. Basic understanding 
of descriptive statistics, regression, and Excel recommended. 
 
Elements of the course: 
1. Understand the bioenergetic processes that regulate growth and consumption. A 
general approach to modeling aquatic food web interactions will be presented initially 
through lectures, readings, and case histories to demonstrate the types of information that 
can be gained and the flexibility of this conceptual framework for quantitatively 
modeling a wide variety of problems.  
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2. Interactive lecture/class participation sessions will:  1) describe the mathematical and 
experimental development of the bioenergetics model;  2) describe applications to a wide 
variety of ecological questions and management needs;  3) explore and develop 
coordinated field, lab, and simulation studies that utilize or enhance bioenergetics 
modeling approaches;    4) discuss strengths and weaknesses of this approach and discuss 
alternative approaches. 
 
3. Computer exercises will be used to demonstrate model software applications and 
explore questions regarding physiology and ecology of aquatic organisms. 
 
4. Critical discussion of readings on development, application, and alternatives to 
bioenergetics modeling. 
 
5. Individual and group assignments using the model, including a term project. 
 
Term Project 
A term project will involve an application of a bioenergetics model to a research or 
management question related to your work. Write an outline of how you plan to proceed. 
This will serve to frame your approach and identify critical gaps in information.  
 
Things to consider: 
1. If you are parameterizing the model for a new species, determine which functions you 
plan to use for the Consumption, Metabolism, Waste, and Growth portions of the model, 
identify the relevant data and literature that are available (and whether they require 
conversion, further analysis, etc.), then explain how you intend to proceed with model 
development and deal with the unknowns (if any).  
 
2. If you are applying an existing model to some question, develop your question and 
objectives, assemble pertinent data and information, identify gaps in the data, and explain 
how you plan to deal with them, describe what the results of your project should be and 
how you expect to present them. 
 
Your Term project assignments: 

1. Initial outline of your proposed work. 
2. An informal 5-10 minute working presentation to discuss the outline, perceived 

complications, and solicit input from the group (Due on week 3). 
3. A paper on your project, written in scientific journal format (Due by 5:00 pm 

Wednesday June 8). 
4. Final presentation: 20 minute oral presentation to the class plus question and 

answer session (May 31 & June 2) 
 
Grading 
20% Class participation in class discussions and exercises 
20% Discussion Team Leaders for a directed reading 60% Term project (informal outline 
talk, project updates, final presentation, paper) 
 



Academic Integrity and Disability Accomodations: 
 
http://fish.washington.edu/classes/integrity_disability.html 
 
http://fish.washington.edu/classes/trip_insurance.html  (not relevant for this class) 

http://fish.washington.edu/classes/trip_insurance.html


Winter Quarter 2011--Class Schedule (two 2-hour sessions per week. Students should 
come prepared to discuss assigned readings during the period).  
Class discussion sessions and assigned readings are indicated in bold type.  Background 
readings for lecture are not in bold type. Class members should read papers and email 
comments or questions to the whole class by 5:00 pm on the evening before the discussion 
session.  Discussion leaders will assimilate comments from students and lead discussion of 
assigned readings. 
 
Class session: 
1. Orientation, logistics, and overview of Bioenergetics model 
 
2. a. Reading Discussion: Ney 1993, Hartman & Kitchell 2008 
    b. Demonstrate Bioenergetics model software: Kitchell 1997 Energetics overview.doc 
 
Readings 
Ney, J. J. 1993. Bioenergetics modeling today- Growing pains on the cutting edge. 

Transactions of the American Fisheries Society 122:736-748. 
Hartman, K.J., and J.F. Kitchell. 2008. Bioenergetics modeling: Progress since the 1992 

Symposium. Transactions of the American Fisheries Society 137:216-223.  
Kitchell, J.F. 1997. Energetics overview. In Hanson et al. 1997 (background in Word Doc). 
 
3. Estimating Consumption Lecture & example application (planktivore demand) 
-Lab exercise (estimate consumption by fitting to observed growth, adding input data and 
simulating a growth cohort) 
-Background Reading:  
Beauchamp et al. 2007. Predator-Prey Interactions. Pages 765-842. In C.S. Guy and M.J. 
Brown , editors, Analysis and interpretation of inland fisheries data. American Fisheries 
Society. Bethesda, Maryland. (sections 16.1-16.4, 16.6.2) 
 
4.  No class-Use time to develop term project, collect supporting information, etc.  
 
5. Interactions between temperature, feeding rate, body size, and food quality. 
Reading Discussion: Beauchamp 2009 
Computer lab exercises- Running the model (Data inputs & growth cohorts)  
 
Beauchamp, D.A. 2009. Bioenergetic ontogeny: linking climate and mass-specific feeding 
to life-cycle growth and survival of salmon. Pages 53-72 In C. Zimmerman and C. C. 
Krueger, editors. Pacific Salmon: Ecology and Management of Western Alaska’s 
Populations. American Fisheries Society Symposium 70. Bethesda, Maryland. 
 
6.  Informal oral presentations of project outlines. Students should consider thesis-related 
projects and come prepared to give 5-10 min Powerpoint presentation of their study 
objectives and plan, including an outline of methods, expected analysis and results. Describe 
existing data and your plan of attack. Your presentation should provide enough information 
and structure to stimulate class discussion of how to proceed and potential complications. 
Prepare some questions to focus feedback by class that will be most helpful to you.  



 
7. Physiological processes, model functions, construction & corroboration 
Background Readings-  
Hartman and Hayward 2007. Bioenergetics. Pages 515-560. In C.S. Guy and M.J. Brown , 
editors, Analysis and interpretation of inland fisheries data. American Fisheries Society. 
Bethesda, Maryland. (2006 version of final draft in pdf) 
 
8 & 9. Designing field sampling program to provide inputs to model 
 
10. Readings & Discussion- Evaluating error in bioenergetics models (Sensitivity analysis, 
error analysis, field & lab corroborations): Bartell et al. 1986, Madenjian et al. 2004 
 
Bartell, S. M., J. E. Breck, R. H. Gardner, and A. L. Brenkert. 1986. Individual 
parameter perturbation and error analysis of fish bioenergetics models. Can. J. Fish. Aquat. 
Sci. 43:160-168. 
 
Madenjian, C.P., and D.V. O’Connor, S.M. Cheryak, R.R. Rediske, and J.P. 
O’Keefe. 2004. Evaluation of a Chinook salmon (Oncorhynchus tshawytscha) 
bioenergetics model. Can. J. Fish. Aquat. Sci. 61: 627-635. 
 
Background reading: 
Bajer, P.J., G.W. Whitledge, and R.S. Hayward. 2004. Widespread consumption-
dependent systematic error in fish bioenergetics models and its implications. Can. J. Fish. 
Aquat. Sci. 61: 2158-2167. 
 
Beauchamp, D.A., D.J. Stewart, and G.L. Thomas. 1989.  Corroboration of a 
bioenergetics model for sockeye salmon. Transactions of the American Fisheries Society 
118:597-607. 
 
Rice, J.A., and P.A. Cochran. 1984. Independent evaluation of a bioenergetics model for 
largemouth bass. Ecology 65:732-739. 
 
11. Foraging models-invoking the consumer’s perspective (Functional response & 
visual foraging models) 
Background reading: 
Beauchamp et al. 1999 Estimating diel, depth-specific foraging opportunities with a visual 
encounter rate model for pelagic piscivores. Can. J. Fish. Aquat. Sci. 56(Suppl. 1):128-139. 
 
Koski & Johnson 2002 Functional response of kokanee to Daphnia. Can. J. Fish. Aquat. 
Sci. 59:707-716. 
 
Mazur, M.M., and D.A. Beauchamp. 2006. Linking piscivory to spatial-temporal 
distributions of pelagic prey fish with a visual foraging model. Journal of Fish Biology 
69:151-175. 



12. Discuss Readings- Spatially-explicit models of growth potential: Temporal-spatial 
trade-offs between prey availability and thermal regime (Brandt et al. 1992; Luecke 
1999). 
Brandt, S.B., Mason, D.M., and Patrick, E.V. 1992. Spatially explicit models of fish 
growth rate. Fisheries 17: 23–31, 34–35. 
 
Luecke, C., M.W. Wengert, and R.W. Schneidervin. 1999. Comparing results of a 
spatially explicit growth model with changes in length-weight relationship of lake 
trout in Flaming Gorge Reservoir.  Can. J. Fish. Aquat. Sci. 56(Suppl. 1):162-169. 
 
13. Discuss readings- Development and application of bioenergetics-foraging models 
 
Stockwell, J.D. and B.M. Johnson. 1999 Field evaluation of a bioenergetics-based 
foraging model for kokanee. Can. J. Fish. Aquat. Sci. 56(Suppl. 1):140-151.  
(Planktivorous kokanee foraging, growth & diel vertical distribution) 
 
Hayes et al. 2000. Development of a whole-lifetime foraging and bioenergetics 
growth model for drift-feeding brown trout. Transactions of the American Fisheries 
Society 129:315-332. 
 
 
14. Computer lab exercises of case histories/current events 
 
15. Discuss readings- Trade-offs between growth and survival (Biro et al 2005, Jensen 
et al. 2006). 
Biro et al. 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. 
  
Jensen, O. P., T. R. Hrabik, S. J. D. Martell, C. J. Walters, and J. F. Kitchell. 2006. Diel 
migration in the Lake Superior pelagic community, II. Modeling trade-offs at an 
intermediate trophic level. Canadian Journal of Fisheries and Aquatic Sciences 
63:2296–2307. 
 
16. Lab exercises and session to work on term project 
 
17. Reading Discussion- Inferring trophic interactions, energy pathways, and trophic 
position from stable isotopes. Energy Density (Hartman et al. 1995, Ciancio et al. 2007, 
Stockwell et al. 1999). 
Reading Discussion (Vander Zanden et al. 1999; Vander Zanden and Rasmussen 2001; Post 
2002; Johnson et al. 2002) 
 
18. TBD 
 
19-20. Term project presentations (20-min slots) 
 



June 8. Final Paper due-email a Word document in journal format before 5:00 pm 
 
 
Potential future discussion topics include: 
1. Foraging models to connect environmental conditions and prey availability to feeding 
rates 
2. Spatially-explicit models of growth potential in heterogeneous environments 
3. Relationship between growth, size and survival in aquatic environments 
4. Trade-offs between growth and predation risk in heterogeneous environments. 
5. Energy allocation at different life stages 
6. The debate over importance of activity costs in bioenergetics models 
7. Methods for estimating model inputs for diet, growth, energy density, etc. 
8. Ecological applications of bioenergetics models 
9. Your suggestions? 
 
 
Alternative sessions: Energy allocation strategies, Energy density, Case studies, lab 
work session, Management scenario exercises) 
 
 
Bajer et al. 2004; Whitledge et al. 2005; Whitledge et al. 2003 TAFS 132:316-325 and 
2004 CJFAS. Petersen & Paukert 2005; 
 
The Activity cost debate-discuss readings: Boisclair & Leggett (1989a-d) CJFAS 46:457-
467, 468-482, 1539-1550, 1859-1867; Boisclair & Sirios 1993 TAFS 122:784-796. 
Lucas et al. 1993 TAFS 122:822-833. 
Rowan & Rasmussen 1996. Trudel & Welch 2005, Wright et al. 1999 TAFS 128:603-612 
(winter energetics) 
 
Modeling Contaminant Bioaccumulation & Nutrient recycling- 
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