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rule. But these !sheries have a number of additional fea-
tures—such as large market share, lower price in years 
of high harvest, and increasing harvest costs with large 
runs—that depart from this standard theory. "erefore, 
whether a constant escapement policy will lead to opti-
mized sustainable economic returns is an open question. 

In this !rst year we have narrowed our theme 4 focus 
to four speci!c research projects. Brie#y, they address the 
following issues:
� v� Focus 1—Optimal !sheries management with costs 

and price dependent upon volume of catch: "e lit-
erature on !sheries management under uncertainty 
assumes (a) prices are constant, (b) marginal harvest 
cost is independent of harvest, and (c) !shermen 
are risk neutral. None of these are realistic. We have 
solved the more general problem where (a’) prices 
are re#ected by a downward-sloping demand func-
tion, (b’) marginal harvest costs may be increasing 
in harvest, and (c’) !shermen may exhibit risk aver-
sion.

� v� Focus 2—Value of information: A recurring ques-
tion in the Alaskan salmon !sheries is “What is the 
value of additional information?” For example, one 
way to improve management would be to have an 
improved smolt count (e.g., with ADFG in-river 
traps). Another would be to develop better pre-
season models of adult abundance. Value-of-infor-
mation models would answer the question of which 
of these approaches would most improve manage-
ment of the !shery. "e papers we plan to publish 
on this work will primarily be empirical in nature.

� v� Focus 3—Optimal harvesting of multiple substocks: 
"e interaction of substocks occurs in the econom-
ics through the demand curve. What is the down-
side to managing as if substocks were one stock? 
Should di$erent quotas/escapements be derived for 
each sub-stock? If so, how?

 v Focus 4—Cooperative approach to !shery manage-
ment: When is it optimal to form a cooperative? 
What is the optimal size/participation for the coop?

Theme 5: Fleet Composition, Fisherman 
Behavior, and Resilience to Natural and 
Anthropogenic Stresses

Agent-Based Modeling of the Bristol Bay 
Drift Gillnet Salmon Fishery
G Knapp, B Chasco, R Hilborn

Alaska’s Bristol Bay sockeye salmon !shery is the world’s 
largest !shery for this species. Between 1980 and 2005, 
annual catches averaged 24 million !sh, with an annual 

average ex-vessel value of US$165 million. Historically, 
the Bristol Bay sockeye salmon !shery has accounted for 
20-40% of the total value of Alaska salmon !sheries. 

Similar to most other Alaska salmon !sheries, Bristol 
Bay !sheries are managed to achieve escapement goals for 
several major river systems #owing into Bristol Bay. Fish-
ing is allowed during period “openings” over the season 
to catch returning salmon surplus to escapement goals. 
In general, the current management system is reasonably 
successful from a biological point of view, in the sense 
that managers are usually able to control !shing e$ort to 
achieve escapement goals. 

"e Bristol Bay salmon !shery has been under limited 
entry management since 1975. Approximately 1,900 !sh-
ermen hold limited entry permits to participate in the 
Bristol Bay dri% gillnet !shery. Permit holders must (with 
certain exceptions) be onboard vessels while they are !sh-
ing. Permits, which were originally issued for free to his-
torical participants in the !shery, are transferable.

A%er increasing for most of the 1980s, the ex-vessel val-
ue of Bristol Bay sockeye salmon harvests declined dra-
matically from $307 million in 1989 to just $34 million in 
2002 (Fig. 42). "e fall in value was the combined result 
of lower harvest volumes and a dramatic decline in prices 
caused by competition from farmed salmon (Knapp 2004, 
Bjørndal et al. 2003). Ex-vessel value increased to $89 mil-
lion in 2006, but remained far below the level of the late 
1980s and early 1990s.

"e decline in value of the Bristol Bay sockeye salmon 
led to an economic crisis in the !shery. Unable to cover 
their costs, many permit holders quit !shing. "e percent-
age of entry permits !shed, which had never previously 
been <96%, was 83% in 2001, 63% in 2002, and 76% in 
2003 and 2004. Entry permit prices—historically closely 
correlated with ex-vessel value—also plummeted, causing 
permit holders signi!cant losses in asset value (Fig. 43). 

"e economic crisis has led to calls to “restructure” 
the management of the Bristol Bay !shery to increase its 
pro!tability. Potential management changes discussed 
include permit buybacks, !shing co-ops, and individual 
!shing quotas (Link et al 2003, Commercial Fisheries En-
try Commission (CFEC) 2004). 

None of these proposals has yet generated signi!cant 
political support, in part because the !shery value has 
increased since 2002, but also because of various other 
concerns about potential e$ects of restructuring: For ex-
ample, might restructuring lead to further erosion in the 
share of permits held by local residents, which fell from 
35% in 1980 to 24% in 1996, but has since held relatively 
steady (Fig. 44)? Also, might potential economic gains 
from restructuring be dissipated over time as permit 
holders invest in more expensive vessels and gear in an ul-
timately and collectively futile e$ort to gain a larger share 

Leah Mason
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Figure 43. Ex-vessel value of Bristol Bay sockeye salmon harvest and average dri%net permit price.  Value and price are ad-
justed for in#ation. Price ranges (US$) are as follows: permit prices = thousands; ex-vessel value = millions.

of the total catch (Link et al. 2003)? One indicator of this 
phenomenon, known as “capital stu&ng” by economists, 
was an increase in the average horsepower of Bristol Bay 
!shing boats from 205 in 1980 to 366 by 2004 (calculated 
from vessel data available at http://www.cfec.state.ak.us).

Changes to the management of the Bristol Bay !shery 
could have dynamic short-run and long-run implications 

for who participates in and bene!ts from the !shery over 
time. We have begun an e$ort to model economic rela-
tionships in the !shery to understand how changes in !sh 
returns, markets, and management have combined to af-
fect this complex system in the past, and how potential 
management changes might a$ect it in the future. 

We are using an agent-based modeling approach. Agent-

Figure 42. Ex-vessel value of Bristol Bay sockeye salmon harvest and indexes of harvest volume and ex-vessel price (1980–
2005 averages = 100). Value and price are adjusted for in#ation.
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Figure 44.  Number of Bristol Bay dri% gillnet permit holders by residency.

based models use the behavior of agents (individuals) to 
predict population responses based on attributes and de-
cision rules for agents, e$ects of agent decisions on other 
individuals and populations, and e$ects of population re-
sponses on agents. 

In our model, agents are individual permit holders or po-
tential permit buyers (Fig. 45). Each period is a year. Prior 
to the !shing season, permit holders make three sets of de-
cisions based on their past experience and their expecta-
tions for future catches and prices: (1) whether to sell their 
permit, (2) whether to upgrade their vessel and gear, and 
(3) whether to participate in the !shery. "ese decisions 
then a$ect their own and other permit holders’ catches, rev-

enues, costs, and pro!ts during the !shing season, as well as 
the permit ownership distribution and permit prices. 

In the !rst year of this study, we focused on collecting 
socioeconomic data for the Bristol Bay !shery, analyzing 
the data to formulate preliminary agent decision rules, 
programming the model, and testing whether the model 
can replicate historical trends in key model variables. 

Detailed historical data for individual agents are avail-
able for some parts of our model. Databases maintained 
by Alaska’s CFEC provide names and addresses of all per-
mit holders for every year since 1975, as well as registra-
tion numbers and characteristics (e.g., horsepower, year 
of construction, hull type, etc.) of the vessels used by most 

Figure 45.  Agent-based model structure.
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of these permit holders. "ese data allow us to estimate 
some model relationships directly, such as permit transfer 
and vessel investment decision rules.

Data on individual permit holders’ !shery participation 
and catches are con!dential, limiting our ability to esti-
mate formally how permit holder and vessel characteris-
tics a$ect catches. However, analyses conducted by CFEC 
allow us to make reasonable assumptions about these re-
lationships.

Our initial !shery data analysis supports key model 
relationships that we have hypothesized have important 
implications for how prices, runs, and management may 
a$ect the Bristol Bay !shery. For example, the higher the 
ex-vessel value of the !shery, the more rapid the rate of 
permit outmigration from the Bristol Bay region (Fig. 46). 
As can be seen in Figure 44, a%er declining rapidly when 
ex-vessel values were high, local permit ownership stabi-
lized when ex-vessel value declined in the late 1990s. "is 
is consistent with the hypothesis—also supported by data 
from other Alaska salmon !sheries—that local residents 
enjoy a relative cost advantage (lower travel and oppor-
tunity costs) that declines in importance as the value of a 
!shery increases. "us, restructuring to increase the prof-
itability of the Bristol Bay !shery could work against the 
social goal of maintaining local ownership of permits. 

As another example of key model relationships, the rate 

of increase in vessel horsepower is positively correlated 
with ex-vessel value—supporting the hypothesis that the 
bene!ts of restructuring could be dissipated by further in-
vestment in boats. 

We have programmed preliminary versions of the model 
in C++ and VisualBasic based on the critical assumption that 
a permit holder’s share of the total catch is proportional to 
his share of aggregate horsepower. "ese preliminary model 
versions are able to replicate historical trends in !shery par-
ticipation and permit prices. "ey also suggest that even sim-
ple, agent-based models can be instructive in understanding 
potential implications of management restructuring. For ex-
ample, the simulated e$ects of a buyout depend on !shery 
participation, and pro!tability depends on which permit 
holders are bought out, as well as future runs and prices—
all of which combine to a$ect the catches and revenues of 
the remaining permit holders.

Our current research is focused on the following:
 • formal estimation and programming of agent deci-

sion rules for a full model incorporating all agent 
attributes,

 • formal testing of the model’s ability to replicate his-
torical aggregate indicators, and 

 • initial programming of how selected restructuring 
options would a$ect agent decision options and 
model relationships. 

Figure 46.  Bristol Bay ex-vessel value and change in local ownership share of permits.



References

Allendorf, FA, RS Waples. 1996. Conservation and genetics 
of salmonid !shes. Pages 238-280 in JC Avise, JL Hamrick 
(eds), Conservation Genetics: Case Histories from Nature. 
Chapman and Hall, New York. 

Anderson, PJ, JF Piatt. 1999. Community reorganization in 
the Gulf of Alaska following ocean climate regime shi%. 
Mar. Ecol. Prog. Ser. 189:117-123.

Beacham, TD, B McIntosh, C MacConnachie, KM Miller, 
RE Withler, N Varnavskaya. 2006. Paci!c rim population 
structure of sockeye salmon as determined from microsat-
ellite analysis. Trans. Am. Fish. Soc. 135:174-187.

Berryman, AA. 2002. Population: a central concept for ecol-
ogy? Oikos 97:439-442.

Bjørndal, T, G Knapp, A Lem. 2003. Salmon—a study of 
global supply and demand. FAO/GLOBEFISH Research 
Programme, Vol. 73. Rome, FAO. 151 p.

Blair, GR, DE Rogers, TP Quinn. 1993. Variation in life his-
tory characteristics and morphology of sockeye salmon in 
the Kvichak River system, Bristol Bay, Alaska. Trans. Am. 
Fish. Soc. 122:550-559.

Brock, CS, PR Leavitt, DE Schindler, SP Johnson, JW Moore. 
In press. Spatial variability of stable isotopes and fossil 
pigments in surface sediments of Alaskan coastal lakes: 
constraints on quantitative estimates of past salmon abun-
dance. Limnol. Oceanogr. 

Bruno, DW, BP Wood. 1994. Saprolegnia and other Oomy-
cetes. Pages 599-569 in PTK Woo, DW Bruno (eds), Fish 
Diseases and Disorders, Volume 3, Viral, Bacterial and 
Fungal Infections. CABI Publishing, Wallingford, Oxon, 
United Kingdom.

Bue, BG. 1986. E$ects of gill net selectivity on sockeye salm-
on in the Egegik and Naknek-Kvichak districts, Bristol 
Bay, Alaska. Masters of Science. University of Alaska.

Burger, CV, KT Scribner, WJ Spearman, CO Swanton, DE 
Campton. 2000. Genetic contribution of three introduced 
life history forms of sockeye salmon to colonization of 
Frazer Lake, Alaska. Can. J. Fish. Aquat. Sci. 57:2096-
2011.

Burgner, RL. 1964. Net selectivity in relation to spawning 
populations of Nushagak sockeye salmon. Report No. 166. 
College of Fisheries, University of Washington, Seattle.

Burgner, RL, CJ DiCostanzo, RJ Ellis, GY Harry, WL Hart-
man, OE Kerns, OA Mathisen, WF Royce. 1969. Biological 
studies and estimates of optimum escapements of sockeye 
salmon in the major river systems in southwestern Alaska. 
Fish. Bull. 67:405-459.

CFEC (Commercial Fisheries Entry Commission). 2006. 
Basic information table for the bristol bay dri% gillnet 

salmon !shery. Available at http://www.cfec.state.ak.us/
bit/X_S03T.htm.

CFEC (Commercial Fisheries Entry Commission). 2004. 
Bristol Bay salmon dri% gillnet optimum number study. 
CFEC RPT 04-3N. Available at http://www.cfec.state.
ak.us/pita/mnu_BBOptNum.htm.

Dahlberg, M. 1968. Analysis of the dynamics of sockeye 
salmon returns to Chignik lakes, Alaska. PhD dissertation, 
University of Washington, Seattle.

Gende, SM, TP Quinn, R Hilborn, AP Hendry, B Dicker-
son. 2004. Brown bears selectively kill salmon with higher 
energy content but only in habitats that facilitate choice. 
Oikos 104:518-528.

Groot, C, L Margolis (eds). 1991. Paci!c Salmon Life Histo-
ries. University of British Columbia press, Vancover, Brit-
ish Columbia. 

Gustafson, RG, GA Winans. 1999. Distribution and popu-
lation genetic structure of river- and sea-type sockeye 
salmon in western North America. Ecol. Freshwat. Fish. 
8:181-193.

Habicht, C, C Smith, M Link. 2005. Estimating run timing of 
Lake Clark sockeye salmon relative to other Kvichak River 
drainage populations. U.S. Fish and Wildlife Service, Of-
!ce of Subsistence Management, Fisheries Resource Moni-
toring Program, Performance Report (Study No. 04-4011). 
Alaska Department of Fish and Game, Gene Conservation 
Lab, Commercial Fisheries Division. Anchorage, Alaska.

Hamon T, C Foote, R Hilborn, DE Rogers. 2000. Selection on 
morphology of spawning wild sockeye salmon by a gill-
net !shery. Trans. Am. Fish. Soc. 129:1300-1315.

Hanski, I.A. 1996. Metapopulation dynamics: from concepts 
and observations to predictive models. Pages 69-71 in IA 
Hanski, ME Gilpin (eds), Metapopulation Biology: Ecol-
ogy, Genetics, and Evolution. Academic Press.

Hanski, I. 1999. Metapopulation Ecology. Oxford University 
Press, Oxford.

Hanski, I, ME Gilpin. 1997. Metapopulation Biology, Ecol-
ogy, Genetics, and Evolution. Academic Press. San Diego.

Hare, SR, RC Francis. 1995. Climate change and salmon 
production in the Northeast Paci!c Ocean. In RJ Beamish 
(ed), Climate Change and Northern Fish Populations. 
Can. Spec. Publ. Fish. Aquat. Sci. 121:357-372.

Hendry, AP, HV Castric, MT Kinnison, TP Quinn. 2004. 
"e evolution of philopatry and dispersal: homing versus 
straying in salmonids. Pages 52-91 in A Hendry, S Stearns 
(eds), Evolution Illuminated: Salmon and "eir Relatives. 
Oxford University Press, New York, New York.

Hendry, AP, T Day. 2005. Population structure attributable 

63



64 / Alaska Salmon Program—Annual Report 2005

to reproductive time: isolation by time and adaptation by 
time. Molec. Ecol. 14:901-916.

Hendry, AP, YE Morbey, OK Berg, JK Wenburg. 2004. Adaptive 
variation in senescence: reproductive lifespan in a wild salm-
on population. Proc. Roy. Soc. London B 271:259-266.

Hilborn, R, TP Quinn, DE Schindler, DE Rogers. 2003. Bio-
complexity and !sheries sustainability. Proc. Nat. Acad. 
Sci. 100:6564-6568.

Hodgson, S, TP Quinn, R Hilborn, RC Francis, DE Rogers. 
2006. Marine and freshwater climatic factors a$ecting in-
terannual variation in the timing of return migration to 
fresh water of sockeye salmon. Fish. Oceanogr. 15:1-24.

Hyun, S-Y, R Hilborn, JJ Anderson, B Ernst. 2005. A statisti-
cal model for in-season forecasts of sockeye salmon (On-
chorhynchus nerka) returns to the Bristol Bay districts of 
Alaska. Can. J. Fish. Aquat. Sci. 62:1665-1680.

Kaeriyama, M, M Nakamura, M Yamaguchi, H Ueda, G 
Anma, S Takagi, KY Aydin, RV Walker, KW Myers. 2000. 
Feeding ecology of sockeye and pink salmon in the Gulf of 
Alaska.  N. Pac. Anadr. Fish. Commun. Bull. 2:55-63.

Knapp, G. 2004. Projections of future Bristol Bay salmon 
prices. Report prepared for the Alaska Commercial Fish-
eries Entry Commission. Available at http://www.cfec.state.
ak.us/pita/mnu_BBOptNum.htm.

Levins, R. 1970. Extinction. Pages 77-107 in M.Gerstenhaber 
(ed), Some mathematical Questions in Biology. Lectures 
on Mathematics in the Life Sciences.Vol. 2. American 
Mathematical Society, Providence, Rhode Island.

Link, M, M Hartley, S Miller, B Waldrop, J Wilen, J Barnett. 
2003. An analysis of options to restructure the Bristol Bay 
salmon !shery. Report prepared for Bristol Bay Econom-
ic Development Corporation. Available at http://www.
bbsalmon.com/FinalReport.pdf.

 Magnuson, JJ, DM Robertson, BJ Benson, RH Wynne, DM 
Livingstone, T Arai, RA Assel, RG Barry, V Card, E Kuu-
sisto, NG Granin, TD Prowse, KM Stewart, VS Vuglinski. 
2000. Historical trends in lake and river ice cover in the 
Northern Hemisphere. Science 289:1743-1746.

Mantua, NJ, SR Hare, Y Zhang, JM Wallace, RC Francis. 
1997. A Paci!c interdecadal climate oscillation with im-
pacts on salmon production. Bull. Am. Meteorol. Soc. 
78:1069-1079.

McElhany, P, M Ruckelshaus, MJ Ford, TC Wainwright, EP 
Bjorkstedt. 2000. Viable salmonid populations and the 
recovery of evolutionarily signi!cant units. NOAA Tech. 
Memo. NMFS-NWFSC-42. NOAA Fisheries, Seattle. 

Meuter, FJ, DM Ware, RM Peterman. 2002. Spatial correla-
tion patterns in coastal environmental variables and sur-
vival rates of salmon in the north-east Paci!c Ocean. Fish. 
Oceanogr. 11:205-218.

Milner, AM, EE Knudsen, C Soiseth, AL Robertson, D Schell, 
IT Phillips, K Magnusson. 2000. Colonization and devel-
opment of stream communities across a 200-year gradient 
in Glacier Bay National Park, Alaska, USA. Can. J. Fish. 
Aquat. Sci. 57:2319-2335.

Milner, AM, GS York. 2001. Salmonid colonization of a new 
stream in Kenai Fjords National Park, southeast Alaska. 
Arch. Hydrobiol. 151:627-647.

Moore, JW, DE Schindler. 2004. Nutrient export from fresh-
water systems by anadromous sockeye salmon. Can. J. 
Fish. Aquat. Sci. 61:1582-1589.

Moore, JW, DE Schindler, CP Ru$. In prep. Density-depen-

dent e$ects of sockeye salmon on feeding rates of stream-
dwelling !shes in Alaska.

Moore, JW, DE Schindler, MD Scheuerell. 2004. Disturbance 
by spawning salmon of Alaskan stream and lake ecosys-
tems. Oecologia 139:298-308.

Myers, KW, KY Aydin, RV Walker, S Fowler, ML Dahlberg. 
1996. Known ocean ranges of stocks of Paci!c salmon and 
steelhead as shown by tagging experiments, 1956-1995. 
Univ. Washington, School of Fisheries, Fish. Res. Inst., 
FRI-UW-9614. Seattle. 229 p. 

Myers, RA, G Mertz, J Bridson. 1997. Spatial scales of inter-
annual recruitment variations of marine, anadromous, and 
freshwater !sh. Can. J. Fish. Aquat. Sci. 54:1400-1407.

Naiman, RJ, RE Bilby, DE Schindler, JM Hel!eld. 2002. Pa-
ci!c salmon, nutrients, and the dynamics of freshwater 
ecosystems. Ecosystems 5:399-417.

Narver, D. 1966. Pelagial ecology and carrying capacity of 
sockeye salmon in the Chignik Lakes, Alaska. PhD disser-
tation, University of Washington, Seattle.

Neish, GA. 1977. Observations on saprolegniasis of adult 
sockeye salmon, Oncorhynchus nerka (Walbaum). J. Fish 
Biol. 10:513-522.

Noga, EJ. 1996. Fish Disease Diagnosis and Treatment. Mos-
by-Year Book, Inc. St. Louis, Missouri. p.367.

Olsen, JB, SL Wilson, EJ Kretschmer, KC Jones, JE Seeb, J.E. 
2000. Characterization of 14 tetranucleotide microsatellite 
loci derived from sockeye salmon. Molec. Ecol. 9:2185-
2187.

Pearcy, WG, A Schoener. 1987. Changes in the maritime 
biota coincident with the 1982–1983 El Niño in the 
Northeastern Subarctic Paci!c Ocean. J. Geophys. Res. 
92:14417-14428.

Peterman, RM, BJ Pyper, MF Lapointe, MD Adkison, CJ 
Walters. 1998. Patterns of covariation in survival rates 
of British Columbian and Alaskan sockeye salmon (On-
corhynchus nerka) stocks. Can. J. Fish. Aquat. Sci. 55:2503-
2517.

Peterson, DP, CJ Foote. 2000. Disturbance of small-stream 
habitat by spawning sockeye salmon in Alaska. Trans. Am. 
Fish. Soc. 129:924-934. 

Pickering, AD. 1994. Factors which predispose salmonid !sh 
to Saprolegniasis. Pages 67-84 in GJ Mueller (ed), Salmon 
Saprolegniasis. U.S. Department of Energy, Bonneville 
Power Administration, Portland, Oregon.

Pritchard, JK, M Stephens, P Donnelly. 2000. Inference of 
population structure using multilocus genotype data. Ge-
netics 155:945-959.

Quinn, TP. 1984. Homing and straying in Paci!c salmon. 
Pages 357-362 in JD McCleave, GP Arnold, JJ Dodson, 
WH Neill (eds), Mechanisms of Migration in Fishes. Ple-
num Publishing Corp. 

Quinn, TP. 1993. A review of homing and straying of wild 
and hatchery-produced salmon. Fish. Res. 18:29-44.

Quinn, TP. 2005. "e Behavior and Ecology of Paci!c Salm-
on and Trout. University of Washington Press. Seattle.

Quinn, TP and GB Buck. 2001. Size and sex selective mor-
tality on adult Paci!c salmon: bears, gulls, and !sh out of 
water. Trans. Am. Fish. Soc. 130:995-1005.

Quinn, TP, IJ Stewart, CP Boatright. In press. Experimental 
evidence of homing to site of incubation by mature sock-
eye salmon (Oncorhynchus nerka). Animal Behavior.

Quinn, TP, L Wetzel, S Bishop, K Overberg, DE Rogers. 



References / 65

2001a. In#uences of breeding habitat on bear predation, 
and age at maturity and sexual dimorphism of sockeye 
salmon populations. Can. J. Zool. 79:1782-1793.

Quinn, TP, AP Hendry, GB Buck. 2001b. Balancing natural 
and sexual selection in sockeye salmon: interactions be-
tween body size, reproductive opportunity and vulnerabil-
ity to predation by bears. Evol. Ecol. Res. 3:917-937.

Quinn, TP, MJ Unwin, MT Kinnison. 2000. Evolution of tem-
poral isolation in the wild: genetic divergence in timing of 
migration and breeding by introduced chinook salmon 
populations. Evolution 54:1372-1385. 

Rich, HB, Jr, SM Carlson, BE Chasco, KC Briggs, TP Quinn. 
2006. Movements of male sockeye salmon, Oncorhynchus 
nerka, on spawning grounds: e$ects of in-stream residen-
cy, density, and body size. Anim. Behav. 71:971-981.

Rieman, BE., JB Dunham. 2000. Metapopulations and sal-
monids: a synthesis of life history patterns and empirical 
observations. Ecol. Freshwat. Fish 9:51-64.

Rogers, DE, T Quinn, D Schindler, R Britton, R Hilborn. 
2003. Alaska salmon research. Ann rep. for 2002. Univ. 
Washington, School of Aquatic & Fishery Sciences, SAFS/
UW 0304. Seattle. 

Rogers, LA, DE Schindler. 2005. Temporal coherence and 
!ne-scale biocomplexity among sockeye salmon stocks of 
Bristol Bay, Alaska. Amer. Fish. Soc. Abstract #SP-ELL-
03.

Ruggerone GT. 1989. Coho predation on juvenile sockeye 
salmon in the Chignik lakes, Alaska. PhD dissertation, 
University of Washington, Seattle.

Ruggerone GT. 1994. Investigations of salmon populations, 
hydrology, and limnology of the Chignik Lakes, Alaska, 
during 1993. Natural Resources Consultants, Seattle.

Ruggerone GT. 2003. Rapid natural habitat degradation and 
consequences for sockeye salmon production in the Chig-
nik Lakes system, Alaska. Natural Resources Consultants, 
Inc., Seattle.

Schindler, DE, DE Rogers, MD Scheuerell, CA Abrey. 2005a. 
E$ects of changing climate on zooplankton and juvenile 
sockeye salmon growth in southwestern Alaska. Ecology 
86:198-209.

Schindler, DE, PR Leavitt, CS Brock, SP Johnson, and PD 
Quay. 2005b. Marine-derived nutrients, commercial !sh-
eries, and productivity of salmon and lake algae in Alaska. 
Ecology 86:3225-3231.

Schindler, DE, PR Leavitt, CS Brock, SP Johnson. In review. 
Boom-and-bust dynamics in sockeye salmon in the Alag-
nak River, Alaska, during the last !ve centuries. Can. J. 
Fish. Aquat. Sci.

Schindler, DE, MD Scheuerell, JW Moore, SM Gende, TB 
Francis, WJ Palen. 2003. Paci!c salmon and the ecology of 
coastal ecosystems. Front. Ecol. Environ. 1:31-37.

Smoker, WW, AJ Gharrett, MS Stekoll. 1998. Genetic varia-
tion of return date in a population of pink salmon: a con-
sequence of #uctuating environment and dispersive selec-
tion? Alaska Fish. Res. Bull. 5:46-54.

Snieszko, SF. 1974. "e e$ects of environmental stress on 
outbreaks of infectious diseases of !shes. J. Fish Biol. 
6:197-208.

State of Alaska. 2005. Community Database Online. Depart-
ment of Commerce, Community and Economic Develop-
ment. http://www.commerce.state.ak.us/dca/commdb/CF_
BLOCK.htm

Steen, RP, TP Quinn. 1999. Egg burial depth by sockeye 
salmon (Oncorhynchus nerka): implications for survival of 
embryos and natural selection on female body size. Can. J. 
Zool. 77:836-841. 

Stewart, IJ, SM Carlson, CP Boatright, GB Buck, TP Quinn. 
2004. Site !delity of spawning sockeye salmon (Oncorhyn-
chus nerka W.) in the presence and absence of olfactory 
cues. Ecol. Freshw. Fish 13:104-110.

Stewart, IJ, TP Quinn, P Bentzen. 2003. Evidence for !ne-
scale natal homing among island beach spawning sock-
eye salmon, Oncorhynchus nerka. Environm. Biol. Fish. 
67:77-85.

Tappel, PD, TC Bjorn. 1983. A new method of relating size 
of spawning gravel to salmonid embryo survival. N. Am. J. 
Fish. Mgmt. 3:123-135. 

Waples, RS. 1998. Separating the wheat from the cha$: Pat-
terns of genetic di$erentiation in high gene #ow species. J. 
Hered. 89:438-450.

Welch, DW TR Parsons. 1993 '(C and ')N values as indica-
tors of trophic position and competitive overlap for Paci!c 
salmon (Oncorhynchus spp.). Fish. Oceanogr. 2:11-23. 

Wood, CC. 1995. Life history variation and population struc-
ture in sockeye salmon. Pages 195-216 in JL Nielsen (ed), 
Evolution and the Aquatic Ecosystem: De!ning Unique 
Units in Population Conservation. American Fisheries 
Society.



Glossary

Acronyms
ADFG Alaska Department of Fish & Game
ASP Alaska Salmon Program
BBSRI Bristol Bay Science and Research Institute
FRI Fisheries Research Institute, the former University of Washington department through which 

Alaska salmon research was conducted; also still used to refer to the Alaska Salmon Program at 
the UW School of Aquatic & Fishery Sciences

NSF National Science Foundation

Common Names, Genus and Species
Arctic char Salvelinus alpinus
Arctic grayling !ymallus arcticus
Brown bear Ursus arctos
Dolly Varden Salvelinus malma
Ninespine stickleback Pungitius pungitius
Paci!c halibut Hippoglossus stenolepis
Paci!c salmon 
 Sockeye 
 Chinook 
 Chum 
 Pink 
 Silver 
 Steelhead/rainbow trout

Oncorhynchus spp. 
 O. nerka 
 O. tshawytscha 
 O. keta 
 O. gorbuscha 
 O. kisutch 
 O. mykiss

Pond smelt Hypomesus olidus
"reespine stickleback Gasterosteus aculeatus
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