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ECOLOGICAL OPTIMIZATION
AND ADAPTIVE MANAGEMENT

Carl J. Walters
Institute of Animal Resource Ecology, University of British Columbia,
Vancouver, B.C,, Canada V6T IW3S

Ray Hilborn
Canadian Department of Fisheries & Environment, and Institute of Animal Resource
Ecology, University of Bnitish Columbia, Vancouver, B.C, Canada V6T IWS

INTRODUCTION

Over the last two decades a large body of literature on control and optimization of
dynamic systems has developed. There have been attempts to apply some of the
concepts and techniques to problems in resource ecology, particularly in relation to
harvesting policies for exploited populations. This review seeks to provide a non-
mathematical overview with emphasis on the anatomy of optimization formulations,
the technical problems of obtaining solutions, and the prospects for good decision
making in the face of uncertainty.
Uncertainty is a pervasive feature of ecological management problems. Rarcly is
it possible to predict even the short-term effects of major interventions. Given
complete biological understanding, we would still be faced with the unpredictability
of various environmental agents. Usually our perceptions are further clouded by
statistical problems of measurement and aggregation. The practice in ficlds such as
fisheries management has often been to develop deterministic prediction models
based on the best available estimates of dynamic parameters, then to hedge against
uncertainty by adopting somewhat more conservative behavior than the models
predict to be optimal. While the pretense is scientific management, mistakes and
failures are seldom treated as useful adaptive experiments or tests of understanding;
we bury our mistakes instead of leamning from them.
In this paper we explore the consequences of uncertainty by examining various
optimization analyses for managed populations, beginning with deterministic opti-
mal control models that presume full knowledge and ending with adaptive control
models that presume almost complete ignorance. No real population has been
managed for a sustained period by consistently applying any of the analyses we will
157
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Leber, K. M. 1995. Significance of fish size-at-release on enhancement of striped mullet fisheries in Hawaii. Journal World Aquaculture
Society 26(2):143-153.
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Leber, K. M., HeL. Blankenship, S. M. Arce, and N. P. Brennan. 1997. Influence of release season on size-dependent survival of
cultured striped mullet, Mugil.cephalus, in a Hawaiian estuary. Fishery Bulletin, 95(2):267-279.
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Leber, K.M and S.M. Arce. 1996. Stock enhancement in a commercial mullet, Mugil cephalus L., fishery in Hawaii. Fisheries Management
and Ecology 3:261-278.
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Responsible approach to stock enhancement
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: 4;:-} AL Leber, K.M. 2012. Marine fisheries enhancement: Coming of age in the new
Indicates millennium. In: R. A. Meyers {ed), Encyclopedia of Sustainability Science and Technology.

Score Project Springer Science. 20 pages. (Pre-Print / Corrected Proof) ™ >>read now...

4’3}} Lorenzen, K., K. M. Leber and H. L. Blankenship. 20110. Responsible approach to

marine stock enhancement: An update. Reviews in Fisheries Science 18(2):189-210.
=zread now...

Blankenship, H. L. and K. M. Leber. 1995, A responsible apj h to marine stock
enhancement. In Uses and effects of cultured fishes in aqus ecosystems. American

Fisheries Society Symposium 15:165-175. T >>read now...

Bell, J.[\., O.M. Bartley, K. Lorenzen and N.R. Loneragan. 2006. Restocking and stock
enhancement of coastal fisheries: Potential, problems and progress. Fisheries Research. 80:

148. E ==reaid now...

Bell, J.D., K.M. Leber, H.L. Blankenship, N.R. Loneragan and R. Masuda. 2008. A new era for
cement and sea ra ng of coastal fisheries resources. Reviews in

Fisheries Science 16: 138. E ==read now...

Lorenzen, K. 2008, Understanding and managing enhancement fisheries systems. Reviews in
Fisheries Science 16: 10.23. T3 >>read now...

Stock enhancement books and symposium proceedings

Johann D. Bell, Kenneth M. Leber, H. Lee Blankenship, Neil R. Loneragan, Reiji Masuda and
Geraldine Vander Haegen (Editors). 2008. A New Era for Restocking, Stock Enhancement and
0 oastal Fisheries Res . ings of the 3rd Interna

Enhancement and Sea Ra ing) Reviews in Fisheries Science,
Volume 16 Issue 1-3. View on-line abstracts...

Leber, K. M., S. Kitada, H.L. Blankenship and T. Svasand. 2004. Stock Enhancement and Sea
Ranching: Developments, Pitfalls and Opportunities. 2nd Edition. Blackwell Publishing,
Oxford. 562 pp. Preview at Blackwell's web site for the book

Bartley, D.M. and K.M. Leber, Editors. 2004. Case Studies of the Effectiveness of Stocking
Aqucultured Fishes and Invertebrates to Replenish and Enhance Coastal Fisheries. Fishery
Technical Paper No. 429. Food and Agriculture Organization of the United Nations (FAQ),
Rome, Italy. 213 pp. View electronic version...

Nakamura,
of Aquaculture Spe C and Enhanc ement of S
Japan Meeting on Aquaculture. Sarasota, Florid

30. Sarasota, FL: Mote Marine Laboratory. ™ >>read now...
Aguaculture «wh Population Dynamics and Quantitative Assessment

On Hervas, 5. K.. S. K. Lorenzen, M. A. Shane., and M. A. Drawbridge. 2010, Quanti



