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Introduction

1. Introduction

The year 2010 marked the 65th year of field work in  
Bristol Bay for our program and marks the continued 
growth of both our field program and analytic work 
conducted at the University of Washington. In the summer 
of 2010, activity in our field camps remained high with 
over 2,500 person days. We held the undergraduate level 
Aquatic Ecological Research in Alaska (AERA) course 
for the tenth time. 

The core of our program research remains focused on 
the biology and management of the salmon of western 
Alaska, but we continue to broaden the scope of the 
program with the work of professors Lorenz Hauser, Lisa 
and Jim Seeb (University of Washington), who pursue 
genetic studies, and the addition of a new genetics lab 
on-site at the UW campus in Seattle created by the Seebs. 
Other additions include Gunnar Knapp (University of 
Alaska Anchorage) and Chris Costello (University of 
California at Santa Barbara), both of whom conduct 
economic studies. We also now have ongoing research 
and teaching participation with Professor Milo Adkison 
(University of Alaska Fairbanks) and Carl Walters 
(University of British Columbia), and look forward to 
expanding our cooperative research efforts.

This report provides an overview of the research 
and teaching activities conducted under the umbrella 
of the Alaska Salmon Program—the name we use at 
the University of Washington to represent the various 
activities centered around our field facilities in Bristol 
Bay and the Chignik Lake system. It is organized into 
general themes, and within each theme, brief summaries 
of our activities and any major results are presented. We 

expect that few readers will read this report from cover 
to cover, but rather will read specific topics based upon 
their individual interests. Much of the material reported 
herein is also on our website, http://safs.washington.
edu/alaska. In addition, reference maps for the general 
research areas and specific study sites are provided on 
pages 11–15.

From 1946 to 2005, our work was largely funded by 
the processing industry of Bristol Bay, and the program 
would have disappeared many years ago without their 
continued financial and political support. The University 
of Washington has also supported the program over 
the last 60 years through combinations of funding for 
facilities and staff salaries. The University of Washington 
support increased considerably when we began teaching 
the Alaska under-graduate field ecology course in 1999. 
We received a major increase in funding in 2005, with 
significant grants from the National Science Foundation, 
the Gordon and Betty Moore Foundation, and the Pew 
Institute of Ocean Sciences.

The Alaska salmon research program was initiated 
in 1947 under the auspices of the Fisheries Research 
Institute (FRI), which was originally affiliated with the 
UW Graduate School. In 1958, it became a department 
within the newly organized College of Fisheries. By 
the mid-1980s, FRI was a division within the School of 
Fisheries, and by the mid-1990s, when school divisions 
were eliminated, FRI as an institutional unit ceased to 
exist. However, we continue to use the term FRI in our 
relationships with outside organizations for our Alaskan 
salmon work. 
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Table 2.1	 2010 preseason forecast (in millions) of sockeye 
salmon (Oncorhynchus nerka) returning to 
Bristol Bay, Alaska, by river system and age class. 

District	          	           Ages
  	   River	 1.2	 1.3	 2.2	 2.3 	       Total

Naknek/Kvichak	 3.9	 4.6	 1.9	 1.6	 11.9
	K vichak	 2.3	 0.9	 1.0	 0.6	 4.8
	N aknek	 1.0	 2.7	 0.7	 0.9	 5.3
	 Alagnak	 0.6	 0.9	 0.2	 0.1	 1.8
Egegik	 1.2	 1.3	 4.0	 3.8	 10.3
Ugashik	 3.5	 1.3	 0.9	 0.8	 6.4
Nushagak	 5.1	 4.7	 0.1	 0.1	 10.0	
	 Wood	 4.7	 2.0	 0.1	 0.1	 6.9
	 Igushik	 0.2	 0.6	 0.0	 0.0	 0.9
	N ushagak	 0.2	 2.0	 0.0	 0.0	 2.2
Togiak	 0.2	 0.7	 0.0	 0.1	 1.0
Totals	 13.8	 12.6	 6.9	 6.3	 39.6

2. Fisheries Management

Introduction
Preseason and inseason forecasting continue to be central 
features of our fisheries management activities. Preseason 
forecasts are very important to processors and fishermen 
for planning their capacity for the coming season, and  
the conservation concerns about Kvichak have meant that 
the preseason forecast has special importance with regard 
to whether the fisheries in Naknek and Egegik operate in 
restricted boundaries at the beginning of the season. We 
have a number of projects associated with escapement 
goals, run reconstruction, and we are working closely 
with the Alaska Department of Fish & Game (ADFG) on 
methods for evaluating alternative harvest strategies and 
increasing the effectiveness of inseason run forecasting. 
While the traditional analysis of escapement goals has 
been concerned only with maximum harvest, the need 
to increase profitability in the processing and harvesting 
industries has caused us to explore the economic 
implications as well as the biological implications of 
harvest strategies. 

Forecast Summary
B Chasco, C Boatright (research scientists), R Hilborn 
(adviser)

2010 Run Summary
The 2010 Bristol Bay sockeye salmon forecast was 
39.75 million fish. This forecast is the sum of individual  
predictions for each of the four dominant age classes (1.2, 
1.3, 2.2, 2.3) from all nine major river systems—Naknek,  
Kvichak, Alagnak, Egegik, Ugashik, Wood, Nushagak-
Mulchatna, Igushik, and Togiak (Table 2.1). Table 2.2 
shows the observed 2010 returns by age and river, and 
Table 2.3 shows the differences between the observed 
and predicted returns. The total return in 2010 was  
40.60 million, with nearly all ages and rivers being under- 
forecasted.

We also produced an estimate for total harvest in 
2010 of 31.38 million fish with an estimated weight of 
180.51 million pounds. The ADFG reports that 28.59 
million Bristol Bay sockeye were harvested in 2010, with 

an estimated weight of 155.95 million pounds. The num-
ber we issue each year as a preseason forecast of harvest 
is “potential” harvest and therefore commonly overesti-
mates “actual” harvest by 8 to 15%. 

2011 Preseason Forecast
The 2011 Bristol Bay sockeye salmon forecast is 35.85 
million fish. This forecast is the sum of individual 
predictions for each of the dominant age classes (1.2, 1.3, 
2.2, 2.3) for the nine major river systems—Kvichak, 
Egegik, Ugashik, Naknek, Alagnak, Wood, Nushagak-
Mulchatna, Igushik, and Togiak (Table 2.4). We also 
produced an estimate for total harvest of 27.74 million 
fish with an estimated weight of 160.68 million pounds. 
To generate a forecast for total harvest we simply 
subtracted the mid point of escapement goals for each 
district from the predicted total return for each district 
and summed. To determine the harvest in pounds for 
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Table 2.3	 Difference (in millions) between the 2010  
preseason forecast and the observed number  
of sockeye salmon (Oncorhynchus nerka)  
returning to Bristol Bay, Alaska, by river system 
and age class. A negative means the preseason 
forecast was lower than the observed returns, 
and vise-versa.

Table 2.2	 2010 observed returns (in millions) of sockeye 
salmon (Oncorhynchus nerka) returning to 
Bristol Bay, Alaska, by river system and age class.

District	          	           Ages
  	   River	 1.2	 1.3	 2.2	 2.3 	       Total

Naknek/Kvichak	 5.2	 5.7	 5.4	 1.5	 17.8	
	K vichak	 3.1	 1.7	 4.1	 0.6	 9.4
	N aknek	 1.6	 2.1	 1.3	 0.8	 5.8
	 Alagnak	 0.5	 1.8	 0.1	 0.2	 2.6
Egegik	 0.6	 0.8	 2.9	 1.5	 5.8
Ugashik	 0.7	 2.1	 1.5	 0.5	 4.9
Nushagak	 4.8	 5.9	 0.3	 0.2	 11.2	
	 Wood	 4.4	 3.0	 0.2	 0.1	 7.8	
	 Igushik	 0.2	 1.1	 0.0	 0.0	 1.4
	N ushagak	 0.2	 1.8	 0.0	 0.1	 2.1
Togiak	 0.3	 0.4	 0.1	 0.0	 0.9
Totals	 11.6	 14.9	 10.2	 3.8	 40.6

District	          	           Ages
  	   River	 1.2	 1.3	 2.2	 2.3 	       Total

Naknek/Kvichak	 -1.3	 -1.1	 -3.5	 0.0	 -5.9
	K vichak	 -0.8	 -0.8	 -3.0	 0.0	 -4.7
	N aknek	 0.6	 0.6	 -0.6	 0.2	 -0.5
	 Alagnak	 0.1	 -0.9	 0.1	 -0.2	 -0.8
Egegik	 0.6	 0.5	 1.1	 2.3	 4.5
Ugashik	 2.8	 -0.8	 -0.7	 0.3	 1.6
Nushagak	 -0.3	 -1.3	 -0.2	 -0.1	 -1.2	
	 Wood	 0.4	 -1.0	 -0.2	 0.0	 -0.9	
	 Igushik	 0.0	 -0.5	 0.0	 0.0	 -0.5
	N ushagak	 0.0	 0.3	 0.0	 0.0	 -0.3
Togiak	 -0.1	 0.3	 -0.1	 0.0	 0.1
Totals	 2.1	 -2.4	 -3.4	 2.6	 -1.0

each age class we subtracted the escapement proportional 
to the age specific forecast then multiplied the forecasted 
catch by the long-term average weight of two or three 
ocean fish (5.0 lbs and 6.7 lbs respectively). 

Table 2.4	 2011 preseason forecast of the number of sock-
eye salmon (Oncorhynchus nerka) (in millions) 
returning to Bristol Bay, Alaska, by river system 
and age class.

District	          	           Ages
  	   River	 1.2	 1.3	 2.2	 2.3 	       Total

Naknek/Kvichak	 3.3	 5.3	 2.0	 2.0	 12.6
	K vichak	 1.5	 1.5	 0.9	 0.7	 4.5
	N aknek	 1.2	 3.2	 0.9	 1.3	 6.5
	 Alagnak	 0.6	 0.7	 0.2	 0.1	 1.5
Egegik	 1.1	 1.2	 5.4	 2.0	 9.8
Ugashik	 1.4	 1.0	 1.7	 0.8	 4.8
Nushagak	 2.6	 4.5	 0.4	 0.2	 7.7	
	 Wood	 2.2	 2.6	 0.3	 0.1	 5.2
	 Igushik	 0.2	 0.7	 0.0	 0.0	 1.0
	N ushagak	 0.2	 1.2	 0.0	 0.0	 1.6
Togiak	 0.2	 0.6	 0.0	 0.1	 0.9
Totals	 8.5	 12.6	 9.6	 5.0	 35.8

2011 Chignik Preseason Forecast
B Chasco (research scientist), R Hilborn (adviser )

The 2011 Chignik Lakes forecast (Table 2.5) was made 
using models based on sibling regressions and recruits-
per-spawner analysis, and a process known as model  
averaging. The total forecast for 2011 is between 1.56 and 
3.00 million sockeye, the model average of 2.24 million 
is similar to last year’s observed total run of 2.39 mil-
lion. The forecasted run to Chignik Lake is between 0.82 
and 1.40 million with a model average of 1.00 million, 
and the Black Lake run is forecasted to be between 0.74 
and 1.60 million with a model average of 1.24. Figure 2.1 
shows the total runs to each lake over the last 11 years, 
as well as what our forecasts would have been in those 
years. The observed numbers of fish returning to each 
lake have been closer to the lower range of our forecasts 
in recent years—with the exception of last two years. 
The ranges for the forecasts do not represent confidence 
or probability intervals, but rather they are the range of 
forecasts from all of the different sibling regression and 
spawner-recruit models.

After several years of declining runs starting in 2005, 
2009 and 2010 have seen a welcomed increase in the 
number of sockeye returning to the Chignik Lakes (Fig-
ure 2.1). During the last two years both Black Lake and 
Chignik Lake have seen increased runs; however, some 
trends in the returns-by-age are still cause for concern. 
As stated in last year’s report, the reason for the declining 
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Figure 2.1 	 Retrospective analysis (2000–2010) of the 
Black Lake (upper panel), Chignik Lake  
(middle panel), and combined forecasts (low-
er panel) using this year’s model structure. 
The grey lines are the upper and lower limits 
of the forecast and do not represent confidence 
intervals. The dots are the observed run size.

Figure 2.2 	 Black Lake (upper panel) and Chignik Lake 
(lower panel) runs from 1978 to 2010 by age 
class.

Black Lakenumbers between 1999 and 2010 can be attributed to the 
decline in 1.3 fish returning to Black Lake and the 2.3 fish 
returning to Chignik Lake (Figure 2.2). While there ap-
pears to be immediate increases in these age classes over 
the last couple of years, the overall trend appears to still 
exist through 2010. 

Table 2.5	 Forecast ranges for Black Lake and Chignik 
Lake by age class (in thousands) for Brood Year 
2011.

Lake 	  lower	 model	 upper 
		  average

Black Lake 	 0.82	 1.00	 1.40	             	

Chignik Lake 	 0.74	 1.24	 1.60

Total	 1.56	 2.24	 3.00
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Adult Salmon Behavior and Ecology

3. Adult Salmon Behavior and Ecology

Introduction
Research on behavior and ecology has been a key 
component of the overall program of investigations 
on western Alaska sockeye salmon since the inception 
of the program. The numerous long- and short-term 
studies being conducted on adult and juvenile salmon 
are designed to address pressing questions related to 
management and also broader questions related to the 
functioning of the ecosystem and the evolution of the 
fishes and other organisms that occupy it. 

We have recently investigated processes that affect (or 
correlate with) the timing of return migration of sockeye 
salmon (Hodgson et al. 2006), describing the general 
tendency for runs in the northern part of the range to 
be early after a warm spring, and the opposite pattern in 
southern areas. We have also studied the extent to which 
the fisheries in Bristol Bay (with emphasis on Egegik and 
Ugashik) have been selective for timing. The exploitation 
rate tends to be higher at the end than at the beginning 
of the run, and evidence indicates that the escapements, 
and indeed the runs as a whole, may be getting earlier 
over the years (Quinn et al. 2007a). 

These projects motivated the large-scale tagging 
study in 2006 that revealed differences in timing of 
sockeye salmon in the Wood River that spawn in streams 
compared to larger rivers (Doctor et al. 2010). In 2007, we 
extended this line of research to investigate the extent to 
which arrival date on the spawning grounds is linked to 
spawning site selection and body size variation within a 
single population (Doctor and Quinn 2009). We are also 
examining variation in run timing among components 
of the Nushagak district run and long-term changes in 
timing of the run to the Nushagak River itself. 

We have studied the patterns of reproductive 
success and natural and sexual selection that salmon 
experience on the spawning grounds. Striking variation 
in longevity (days alive in the stream) has been shown 
among populations, and this variation has been linked 
to the intensity of bear predation on newly arrived 
salmon (Carlson et al. 2007). We have also demonstrated 
that populations differ in the balance between selective 

predation by bears on large salmon and greater 
reproductive success of large salmon if they are not 
killed (Carlson et al. 2009). These differences in selection 
intensity seem to result in the variation in life-history 
traits seen among populations. In some cases, notably 
Hansen Creek, the selective effects of predation are 
augmented by selection from stranding at the shallow 
mouth of the creek. This stranding is most prevalent and 
also most size-selective when lake levels are low (Carlson 
and Quinn 2007). 

Efforts to study processes on the spawning grounds 
have also included work on the extent to which females 
are able to spawn completely under conditions of high 
density. This work—comparing Wood River, Iliamna, and 
Alagnak populations—documented extremely high rates 
of egg retention (incomplete spawning and total spawning 
failure for some females) in some cases, especially in the 
Alagnak system, where spawning densities were very high. 
However, it appears that elevated water temperatures also 
affect prespawning mortality (Quinn et al. 2007b).

We have been investigating the movements of adult 
sockeye salmon on the spawning grounds, looking at the 
interface between homing and spawning-site selection. 
Results have shown limited movements by adult salmon, 
including males, and remarkably fine-scale homing to 
the natal site (Rich et al. 2006, Quinn et al. 2006, and 
Quinn et al. in review). The spawning behavior of adult 
and jack sockeye salmon has also been investigated and 
drawn special interest from a number of our researchers 
(Carlson et al. 2004, Allen et al. 2007). 

These studies on the behavior of the salmon 
themselves have been complemented with research 
on the ramifications of digging by salmon and carcass 
decomposition for the flux of nutrients in small streams. 
This research has revealed that adult salmon not only 
import nutrients from the ocean to the stream but also 
dislodge insects and organic material from the sediment, 
causing them to drift downstream. In addition, there is 
evidence for adaptation by the aquatic insects to emerge 
and avoid the disturbance caused by the salmon (Moore 
and Schindler, 2010).
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Spawning Ground Surveys
Wood River System
The Fisheries Research Institute’s (FRI) Bristol Bay 
research program began with spawning ground surveys 
in the Wood River Lakes in 1946 to determine the 
number and distribution of sockeye salmon spawning 
in this system. During the early 1950s, methods were 
established to enumerate and sample the commercial 
catches, escapements (through the use of observation 
towers), and the number of smolts produced. By 
the late 1950s, we had established several important 
measurements, which have been maintained to the 
present, to characterize each year’s environment for 
spawning adults and rearing juveniles. To characterize 
the fine-scale population variability among individual 
spawning sites, we have surveyed about 25 small stream 
populations to monitor year-to-year changes in spawner 
densities, age composition, sex ratios, and predation 
rates by bears for several decades now. Historically, these 
surveys were integrated across all habitat within small 
streams and were sub-sampled with index reaches on 
the larger streams. Periodically we survey many of our 
historical sites on multiple occasions within a season to 
evaluate whether spawning run timing has changed over 
the last few decades. 

We also began mapping the spatial distributions of 
spawning sockeye on finer spatial scales by estimating 
abundance in each stream in successive 200-m sections. 
In 2008, we also began using a continuous counting 

system that enables us to monitor stream habitat use 
continuously along each spawning stream; each fish 
location is associated with a GPS position. By monitoring 
population dynamics at fine spatial scales, we aim to 
evaluate how habitat use changes with population density, 
and to improve our understanding of habitat quality in 
sites throughout the Wood River system. 

The Wood River had an above average escapement 
of 1.8 million sockeye in 2010. Heavy rain in August had 
produced very high water levels in the streams, making 
surveys difficult, and counts were probably biased low. In 
particular, dead salmon were often difficult to enumerate 
as many were buried or washed out of streams.

As in previous years, this escapement was not 
distributed randomly across the landscape of habitat 
in the Wood River system. Tributary streams of Lake 
Aleknagik had spawning densities that were generally 
similar to the long term average (Figure 3.1). The number 
of adult sockeye salmon in Happy Creek was the second 
lowest observed in the last 20 years, a period over which 
returns have been very strong to this site. The return to 
Hansen Creek was high, coinciding with returns from an 
especially large escapement to the Wood River in 2006. 
The population cycle that has become established may 
be undergoing a shift as a result. The return to Ice Creek 
was about 1/3 of the long-term mean, but this count was 
certainly low due to high water.

Escapements to streams in Lake Nerka were 
substantially smaller than the long-term averages. Aside 
from the Stovall Creek population which was about four 

12000

Figure 3.1 	 Long-term average adult sockeye index counts vs. 2010 index counts for Wood River system sockeye 
salmon survey streams.

To
ta

l n
um

be
r 

of
 s

oc
ke

ye
 s

al
m

on

0

Long-term average 

2010

Bi
g 

W
hi

te
fis

h 
C

re
ek

Ea
gl

e 
C

re
ek

H
an

se
n 

C
re

ek

H
ap

py
 C

re
ek

Ic
e 

C
re

ek

Li
ttl

e 
W

hi
te

fis
h 

C
re

ek

M
id

ni
gh

t C
re

ek

M
is

si
on

 C
re

ek

Su
ns

hi
ne

 C
re

ek

Ya
ko

 C
re

ek

M
oo

se
 C

re
ek

G
ra

nt
 R

iv
er

Be
ar

 C
re

ek

El
va

 C
re

ek

Fe
nn

o 
C

re
ek

H
id

de
n 

La
ke

 C
re

ek

Jo
e 

C
re

ek

Ke
nn

a 
C

re
ek

Li
ttl

e 
To

gi
ak

 R
iv

er

Ly
nx

 C
re

ek

Pi
ck

 C
re

ek

Pi
ke

 C
re

ek

Sa
m

 C
re

ek

St
ov

al
l C

re
ek

Te
al

 C
re

ek

6000

10000

8000

2000

4000

C
 C

re
ek

A
 C

re
ek



 7

Adult Salmon Behavior and Ecology

times higher than the long-term average, returns to Nerka 
streams were only about 40% of the long-term average 
(Figure 3.1). Returns to A and C creeks on Little Togiak 
were about the long-term average. The return to Moose 
Creek on Lake Beverley was about half the long-term 
average, and to Grant River on Lake Kulik was slightly 
above the average. We also surveyed Uno Creek on the 
North Shore of Lake Beverley, a site that had not been 
surveyed in the recent past. The stream has substantial 
spawning habitat and an early-spawning population. 
Only a couple thousand fish were observed here in 2010.

We performed an aerial survey on Aug. 24, 2010 to 
assess the relative strength of escapement to the rivers 
and beaches throughout the Wood River system. Returns 
to beaches, especially in Lake Beverley and Lake Kulik, 
were particularly strong compared to returns to the 
large rivers. The age composition of these fish indicated 
that they were produced from the exceptionally large 
escapement to these lakes in 2006 (i.e., they were 1.2 
fish). Over the entire Wood River system, we estimate 
that about 73% of sockeye returned to the beaches, 
which is above the 5-year average of 59%. Including fish 
spawning in streams, rivers and beaches, we estimate 
that about 36% of the sockeye salmon escapement to the 
Wood River system returned to Lake Kulik, 27% to Lake 
Beverly, 24% to Lake Nerka, and 12% to Lake Aleknagik. 
About 1% of the total Wood escapement was observed in 
Little Togiak Lake.

The age composition of spawners in the Wood River 
system in 2010 was dominated by a age 1.2 (i.e., one 
freshwater year of growth and 2 marine years of growth) 
and 1.3 fish, (Appendix B). There was a general tendency 
for populations in the upper lakes of the system (Kulik, 
Beverley) and for stream populations on Lake Aleknagik 
to be strongly biased towards age 1.2 fish. This was 
particularly true for Lake Beverley and Lake Kulik where 
a distinct majority of fish were age 1.2. These are the 
1.2 returns from the huge escapement in 2006 to these 
populations. Age compositions observed in Lake Nerka 
streams were more balanced between 1.2s and 1.3s than 
in other sites in the system. The very large return of 
fish to Stovall Creek in 2010 was dominated by 1.2 fish. 
Interestingly, very few fish returning to the large rivers 
were 1.2 fish suggesting that a large return of 1.3 fish 
(from the 2006 brood year) may be seen in 2011.

Proportions of males that were jacks (i.e., 1.1 age 
fish) in Wood River spawning sites were highly variable 
among populations. Populations spawning in Aleknagik 
streams had higher incidences of jacks compared to 
other sites throughout the Wood River system, except for 
Teal Creek on Nerka which had the highest proportion of 
jacks in the system (>30% of males, although the sample 
size was small).

Kvichak River System
Each year since 1956, we have collected scales or otoliths 
from spawned-out sockeye salmon from several major 
spawning grounds in the Kvichak River system. In most 
years, aerial surveys have been conducted to estimate 
the relative distribution of the escapement among the 
various spawning grounds. Aerial surveys of a subset of 
the spawning grounds were conducted by ADFG in 2010 
and accounted for almost 36% of the 4.2 million fish in 
the total escapement. 

The vast majority of the spawners seen were recorded 
from the Iliamna River (26.4%), Gibraltar Creek (19.3%), 
Copper River (25.8%), and Knutson Bay (9.9%). These 
locations accounted for ~81% of all fish seen in the 
surveys, and match our core collection locations for age 
composition. The complex of populations spawning on 
island beaches were not counted via aerial survey, so our 
annual survey by boat gave us the only information on 
these spawning populations. Large numbers of spawners 
were present on NW Woody Island beaches, Porcupine 
Island, Cottonwood Point, and Fuel Dump Island beach. 
Additional large groups of spawners were present on the 
Flat Island spawning beaches (Flat Is No. 2, and No. 3). 
Surprisingly, no fish were present on Triangle Island, 
and few fish used E-2 Island. Notably, numbers were the 
highest we have ever seen this year in the Pedro Pond 
complex during our foot surveys, and the aerial counts 
confirm this, with the highest survey tally since 1974.

Fortunately, our ground surveys for otolith collection 
coincided well with the peak distribution of spawners 
for the Iliamna Lake populations. Otolith collection 
continued at sites we have sampled annually: Copper 
River, Gibraltar Creek, and Chinkelyes Creek (larger 
river and creeks), two representative island beaches 
(Woody and Fuel Dump islands), the mainland beach at 
Knutson Bay, and a system of spring-fed ponds in Pedro 
Bay. Additionally, we were able to collect samples from 
the mainland beach at Finger Bay. Age composition 
determined by otoliths revealed some variation in ages 
across the different populations in 2010—about 60% of 
both males and females were 4 year old fish, and about 
40% were 5 year old fish, with the majority of the five 
year olds being of the 2.2. age class. The mainland beach 
at Knutson Bay, the Woody and Fuel Dump Island 
spawning beaches, and the Pedro Ponds system were 
dominated by the 1.2 age class (+90% of all fish in each 
population). Five year old fish (mostly 2.2 age class) were 
found in good numbers in Gibraltar Creek, Copper River, 
and Chinkeleyes Creek (76%, 67%, 48% respectively), 
with 1.3’s present at Copper River, Finger Bay beach 
and Chinkelyes Creek. The Kvichak system saw another 
relatively strong return year of 2.2 age class (~43% of 
the escapement), and last year’s escapement was ~45% 
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Table 3.1	N umber of bear-killed salmon and other 
sources of mortality combined, by sex and 
section of Hansen Creek, 2010.

Section	 Status	 Female	 Male	 Total

Mouth	 Bear	 171	 152	 323 
	O ther	 112	 123	 235 
Lower	 Bear	 1750	 1095	 2845 
	O ther	 1105	 348	 1453 
Middle	 Bear	 1237	 604	 1841 
	O ther	 1261	 541	 1802 
Pond	 Bear	 117	 100	 217 
	O ther	 550	 222	 772 
Upper	 Bear	 1237	 547	 1784	
	O ther	 1042	 455	 1497 
Total	 Bear	 4512	 2498	 7010 
	O ther	 4070	 1689	 5759

% Bear Killed		  52.6	 59.7	 54.9

Figure 3.2 	E ffect of spawning run size on the kill rate  
by bears in Hansen Creek (modified from 
Rogers et al. 2003). The gray triangle denotes 
2010 run size.
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2.2s; these are the highest 2.2 returns seen since the 2004 
escapement (69% 2.2s). Cooler spring conditions since 
2006 likely played a role in increased smolts leaving as 
2-checks, and we expect this trend to continue. 

Hansen Creek Daily Runs and Bear 
Predation
H Rich (research scientist), C Cunningham (graduate 
student) T Quinn (adviser)
Hansen Creek, a small tributary to Lake Aleknagik, has 
been the focus of long-term research on sockeye salmon 
spawning behavior, life history, ecology and evolution, 
with special emphasis on bear predation. This stream has 
shown a clear, 4-yr cycle of abundance, with large runs 
in 1987, 1991, 1995, 1999, 2003, and 2007. However, the 
2006 ‘pre-peak’ run of 20,440 spawners was significantly 
larger than the 7,850 fish that returned in the “peak” year 
of 2007. The 2010 run to Hansen Creek of 14,375 was 
large for a pre-peak year, although the 4 year old fish (1.2 
age class- 94% of the Hansen run), returning in 2010 
were from the anomalously large run of 2006, which 
was a record escapement to the Wood River system as a 
whole, and may not be indicative of a shift in the cycle. 
Off-peak year’s run sizes are typically in the 3,000–4,000 
spawner range, with a larger pre-peak run, followed by a 
larger still peak run. A large number of jacks seen in the 
creek in 2009 (5.9% of males) suggested a large pre-peak 
year was coming in 2010. Interestingly, 5% of the males 
in 2010 were also jacks, indicating another strong year 
class on the way for the scheduled “peak” year run.

In 2010, the average size of female sockeye salmon 
was 401 and 456 mm for ages 1.2. and 1.3 respectively 
(mid-eye to hypural plate), and for male sockeye was 283, 
406, and 470 mm for ages 1.1, 1.2, and 1.3 respectively. 
Both males and females were dominated by the 1.2 age 
class. The sex ratio was ~33% male in 2010, down from 
2009 (53%), but in line with what we had seen over the 
last 3 years (~35%). 

Predation by bears is density-dependent on an inter-
annual basis, and predation rate by bears in 2010 was 
55% (run size 14,375), consistent with the trend seen in 
previous years, but slightly higher than expected (Figure 
3.2). Predation in Hansen Creek and elsewhere in the 
system (e.g., Pick and Bear creeks) is size-selective—
larger fish are more vulnerable than smaller fish (Quinn 
and Buck 2001). In addition, males are generally more 
likely to be killed than females, and this is true again this 
year (59.7% of males killed vs. 52.6% of females; Table 
3.1). The detailed studies at Hansen Creek are being 
applied to the more extensive, but less intensive sampling 
that we conduct in association with the annual creek 

surveys throughout the system. These data demonstrate 
that the level of predation is a decreasing function of 
stream size (especially width), and the age structure and 
morphology of sockeye salmon are clearly related to 
habitat and predation (Quinn et al. 2001a; Quinn et al. 
2001b; Carlson et al. 2009).
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A and C Creeks
D Peterson (graduate student), L Hauser and R 
Hilborn (advisers)
A and C creeks, located in Little Togiak Lake, are two 
of the smallest salmon runs we regularly monitor, and 
are at the extreme of several dimensions of adaptation, 
including depth of water (shallow), intensity of bear 
predation (high), and life expectancy after stream entry 
(short). Since 1996, we have attempted to monitor these 
streams daily, marking every individual fish and record-
ing its location in the creeks. In the last several years, 
graduate students have been using these systems for their 
research: Jocelyn Lin has studied genetic differentiation 
between lake and creek spawning fish (Lin et al. 2008a), 
and Stephanie Carlson used the data in her analysis of 
senescence rates (Carlson et al. 2007). A new graduate 
student, Daniel Peterson, started a project this year to 
examine how yearly variation in predation pressure and 
dispersal behaviors affects the number and reproductive 
success of migrants between subpopulations. Dispersers 
mix genetic material between the beach populations and 
the two creeks, thus affecting the ability of the metapo-
pulation of salmon to evolve to novel selection pressures 
as well as the susceptibility of individual sub-populations 
to the negative effects of inbreeding.

A major objective is to pedigree the populations: that 
is, to determine who the parents were for each individual 
returning in a generation. This will allow us to determine 
how many individuals, and what habitats, produce suc-
cessful offspring, and calculate several factors important 
to genetic differentiation, such as the effective popula-
tion size. In addition, we should be able to calculate the 

heritability of phenotypic traits, both morphology and  
behavior, from pedigree data. We first obtained near-
complete genetic samples in 2003, and we continued 
genetic sampling in 2004–2010, collecting samples from 
between 87% and 100% of the population. In 2010, the 
offspring of fish that spawned in 2005 and 2006 returned, 
and we sampled 99% of the population in both A and C 
creeks.  If we can continue to sample at such high levels 
in 2011 we should be able to assign parentage to most of 
the 2006 fish (See Lin et al. 2008a for further information 
on the genetics of A and C Creeks).

A and C creeks are normally characterized by ex-
tremely intense bear predation—A Creek in particu-
lar often being completely cleaned out by bears several 
times in the season. 2010 was a classic case of this, with 
the bears killing almost every fish in A creek on sever-
al occasions, resulting in 97% of the deaths being bear 
kills with another 3% killed by gulls. Similarly the bears  
killed 84% of the dead fish in 2009 and 83% in 2008. In 
C Creek bear kills constituted 96% of fish that died, but 
probably due to habitat differences between the creeks, it 
never wiped out all of the fish until close to the end of the 
run. Prior to 2004, there was a beaver dam on C Creek 
about 200 m from the lake. This dam broke down during 
the 2004 season and, since then, we have seen a num-
ber of fish colonize the area above the dam, providing 
excellent data on how quickly new habitats are colonized.  
In 2009 and 2010 the fish moved further up into new 
habitat than they had before. Despite the increased habi-
tat there were fewer total fish in C creek (294) than in A 
Creek (457). Figure 3.3 shows the number of fish enter-
ing, and the number of fish still alive in A and C creeks 
for 2010. 

Photo: H Rich
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Figure 3.3 	N umber of fish entering (gray bars) and total fish (black line) in A and C creeks, Little Togiak Lake, for 2010.
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Introduction
Our limnological and environmental records from the 
Wood River system and Iliamna Lake are now continu-
ous for spring and summer seasons for more than 50 
years, and we have made extending these valuable re-
cords a programmatic priority. One striking feature of 
these long-term records is the large change in environ-
mental conditions associated with climate warming dur-
ing the last century. Climate warming has been especially 
notable throughout Alaska, and it appears to be having 
a wide array of effects on the physical and biological as-
pects of the spawning and nursery habitats of salmon 
and other aquatic species. Some of these responses are 
described in more detail in the research descriptions in 
this section. 

The summer of 2010 was relatively cool and charac-
terized by heavy rainfall in July and August. The ther-
mal conditions were quite similar to the long-term av-
erage conditions observed in the last 50 years, but were 
among the coldest observed in the last 15 years (Table 
4.1, Figures 4.1, 4.2). These cool conditions followed the 
similarly cool conditions observed since 2007. In ad-
dition to maintaining our routine environmental and 
limnological monitoring, we have continued our pale-
olimnological research to reconstruct historical sockeye 
salmon escapement densities over the last several centu-
ries. This research is enabling us to better understand the 
responses of sockeye populations to long-term variation 
in climatic and ocean conditions.

Environmental Conditions & Limnology
Thermal Conditions: Wood River
Bristol Bay was relatively cold in 2010 compared with 
the last decade and, therefore, was an anomaly from the 
long-term warming trend observed over our period of 
records. The springs of 2002–2005 were substantially 
milder than average as reflected by the timing of spring 
ice break-up and spring water temperatures. In general, 
the date of spring ice break-up has advanced consider-

ably and is about 10 days earlier now than it was in 1962. 
However, in 2010, spring ice break-up occurred on May 
30 and May 19 in lakes Aleknagik and Iliamna, respec-
tively. 

Statistical time-series analyses of the long-term 
changes in spring break-up date on Lake Aleknagik 
(Figure 4.1) show that the Pacific Decadal Oscillation 
and a long-term warming trend associated with global 
warming have contributed about equally to the trend to-
wards earlier ice break-up dates (Schindler et al. 2005). 
Conditions in 2006–2010 were clearly an anomaly from 
this trend and were about average considering the long-
term record. This shift in ice breakup timing that is more 
similar to the long-term average has been coincident 
with declining intensity of the Pacific Decadal Oscilla-
tion in the last few years. Spring lake temperatures are 
strongly correlated with the timing of spring ice break-
up. In 2006–2010, water temperatures were generally 
colder than those observed for most of the last 17 years. 
Between 1993 and 2005, spring water temperatures in all 
but one year (1999) were warmer than average. However, 
substantially warmer spring conditions do not carry over 
directly into equally warmer summer conditions. In fact, 
surface water temperatures in July and August of 2003–
2005 were only subtly warmer than the long-term aver-
ages in Lake Aleknagik. From 2006–2010, water temper-
atures were on target or slightly colder than the 50-year 
average conditions in Lake Aleknagik (Table 4.1, Figure 
4.1). Water temperatures in 2010 were approximately av-
erage in June and July but then about 1º C colder than the 
50 year average in August.

Water transparency in Lake Aleknagik in 2010, as 
measured by Secchi depth, was slightly lower than the 
long-term average, supporting the recent trend towards 
lower transparencies observed in the last few years (Table 
4.1).This decreased transparency was particularly notice-
able in August and September, coincident with heavy 
rainfall late in the summer. Water conductivity during 
recent years has not varied much from long-term aver-
age conditions (Table 4.1).

4. Lake Ecosystems
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Lake Level
We have used the lake level in Lake Nerka as our inte-
grated measure of hydrology throughout the Wood River 
System. Lake level was slightly below average throughout 
June and July (Figure 4.1) due to little residual snowpack 
and low rainfall during the early part of the summer. 
However, by early August, heavy rainfall brought lake 
levels to above average conditions which were main-
tained through the end of August (Table 4.1). Lake levels 
remained high into September.

Thermal Conditions: Iliamna Lake
Thermal conditions in the Iliamna Lake system have also 
shown a steady warming trend over the last five decades 
that parallels the observed increases in spring environ-
mental conditions in the Wood River system. In the Il-
iamna Lake system we also have a long-term record of 
ice-free data, which have been collected each year by FRI 
and ADFG personnel. In 2010, we saw an ice free date of 
May 19, which was similar to the later dates we have seen 
over the last four years, and about three days later than 
the long-term average (Figure 4.2).

Figure 4.2. 	 Top: Time series (1962–2010) of ice break-up 
date for Iliamna Lake given as the number of 
days before/after the long term average date 
of May 18. Bottom: Spring air temp index 
(difference from mean March–June) from 
Iliamna, Alaska 1962–2010.

After the cool spring air temperatures—which were 
the 16th coldest on record over the 49 year time series 
(1962-2010, Figure 4.2)—summer conditions in 2010 
were cool and wet again. July 2010 was the wettest July 
on record, with over 7 inches of rainfall recorded. The 
mean 2010 August air temperature at Iliamna was 11.9° 
C, cooler than the long-term average of 12.4° C (since 
1960). Daily water temperature measurements at Woody 
Island in the eastern end of Iliamna Lake recorded by 
our HOBO sensors showed cooler summer temperatures 
(July 1 to August 11) in 2010 (mean 8. 5º C), cooler than 
in 2008, 2009 (9. 8º, 9.7º C) and much cooler than the 
very warm summer of 2005 (mean 13.2º C).

Zooplankton and Aquatic Insects 
We have monitored zooplankton abundance in Lake 
Aleknagik since 1967 as a means for assessing temporal 
trends in the primary prey for juvenile sockeye salmon 
and their competitors (e.g., sticklebacks). The observed 
warming trend in water temperatures is strongly and 
positively associated with enhanced zooplankton densi-
ties throughout the summer (Carter 2010). In 2003–2005, 
total crustacean zooplankton densities were substantially 
higher than the long-term averages, and these differences 
were most pronounced late in the season (August and 
September) when sockeye fry are located in pelagic habi-
tats and feeding almost exclusively on zooplankton. The 
taxa that appear to be benefiting most from this warm-
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Figure 4.1 	 Time series (1960–2010) of spring environ-
mental indicators from the Wood River system. 
Spring (June 22–25) water temperatures are 
given as the anomaly from the long-term mean 
(6.4° C). Water level at Lake Nerka is given as 
the anomaly from the long-term spring (June 
6–30 mean [151 cm]). Ice break-up date is 
given as the number of days before/after May 28.
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Figure 4.3	 Monthly zooplankton densities in Lake Aleknagik from 1967 to 2009 (lines with standard deviations)  
compared with densities observed in 2010.

ing trend are the cladocerans Eubosmina and Daphnia, 
which are important prey for sockeye throughout their 
range (Schindler et al. 2005). These taxa are found at rela-
tively low densities in the spring and reach peak densi-
ties in August and September (Figure 4.3). In 2003–2005, 
Eubosmina and Daphnia densities were approximately 
double the long-term means for August and September. 
Both cyclopoid and calanoid copepods, which are gener-
ally more abundant early in the summer, were found at 
densities comparable with the long-term means in Lake 
Aleknagik (Figure 4.3). 

In 2010, zooplankton densities showed some sub-
stantial departures from the long-term averages (Figure 
4.3). The zooplankton community continues to be domi-
nated by cyclopoid copepods and bosminids. However, 
both Daphnia and calanoid copepods (preferred prey for 
juvenile sockeye) had substantially lower than average 
densities in 2010, coincident with the cool water tem-
peratures which constrain zooplankton production in 

this system (Carter 2010). Eubosmina had substantially 
higher than average population densities throughout the 
summer of 2010.

Juvenile Sockeye Abundance and 
Size
Wood River
We have sampled juvenile sockeye fry in the Wood River 
system in August of each year since 1958 by tow net-
ting at night. The resulting data are collected to monitor 
growth of juvenile sockeye during their freshwater resi-
dency. An analysis of this dataset showed that the climate 
warming trends evident in the ice break-up dates and in 
water temperatures have effected enhanced growing con-
ditions for juvenile sockeye from 1962 to 2002 (Schindler 
et al. 2005). The specific mechanisms accounting for the 
enhanced growing conditions have not been pinpointed 
yet, but they appear to be a combination of a longer grow-
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Figure 4.4 	 Size of sockeye fry on September 1, 1962–2010 for all Wood River lakes. All fish were sampled with night 
tow net surveys. Annual length anomalies (measured as fork length, mm) are based on the long-term average 
(Aleknagik, 55.47; Nerka, 56.27: Little Togiak, 52.69; Kulik, 54.20; and Beverley, 54.60). Kulik sockeye in 1967 
were 10.9 mm larger than the average.

ing season, increased water temperatures, and increased 
zooplankton abundance—all of which should yield high-
er growth of juvenile sockeye in lakes. These improved 
growing conditions for juvenile sockeye are associated 
with the long-term population buildup in the Wood Riv-
er since the 1960s. As escapements have increased during 
this time period, there has also been increased competi-
tion among juvenile sockeye in the Wood River system, 
a process that partially obscures the positive effects of a 
warmer climate (Schindler et al. 2005).

In 2010, sizes of sockeye fry in all lakes of the Wood 
River system were very close to the average seen on Sep-
tember 1 across the period of record (Figure 4.4). The no-
table exception to this general observation is that sizes of 
fry from Lake Aleknagik were larger than average again 
in 2010, continuing a trend in this lake that has been con-
sistent for the last decade. The depressed growth rates 
observed in Lake Beverley during 2007–2008 reflecting 
the exceptionally high sockeye escapement in 2006, have 
apparently recovered to approximately average rates in 
2009 and 2010. 

Wood River Sockeye Smolts
In 2008, we re-initiated the FRI sockeye smolt sampling 
program at the outlet of Lake Aleknagik (Mosquito Point) 
and continued this sampling in 2009 and 2010. We used 
the same sampling design and similar gear (fyke net) de-
scribed by Burgner (1962) to evaluate changes in migra-
tion timing, sizes and age composition of smolts. In addi-
tion, we used genetics stock identification techniques to 
assign the population of origin of fish migrating over the 
course of the season (McGlauflin et al. in press).

In general, sockeye smolt migration timing in 2008–
2010 was later and more protracted than estimated for the 
1950s by Burgner (1962), who showed a relatively strong 
positive relationship between the date of Aleknagik ice 
break-up and the smolt migration timing. Smolts were 
caught between June 1 and August 14 in 2008, from June 
2 until September 4 in 2009, and from June 10 until Au-
gust 28 in 2010. Smolt migration timing was later in 2010 
than observed in 2008 and 2009 (Figure 4.5). The timing 
of ice break-up in 2008 was about average (May 28) and 
the timing of the 20th percentile of the smolt migration 
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was June 27. Ice break-up occurred on June 1 in 2009 and 
the 20th percentile of the smolt migration was about June 
27 again. In 2010, ice breakup was on the 30th of May 
and the 20th percentile of the smolt run occurred on July 
8. In contrast, in 1953, 1954, and 1957 the ice break-up 
occurred between May 26–28, but the 20th percentile of 
the smolt run occurred between June 2 and June 12. This 
delay in the smolt migration timing may be a reflection of 
larger contributions of fish from lakes Beverley and Ku-
lik, which have had strong escapements in recent years. 
In general, smolts from Beverley and Kulik are thought 
to migrate later in the season than fish from the lower 
lakes of the Wood River system (Burgner 1962).

There was wide variation in the size of smolts leaving 
the Wood River between 2008 and 2010, characterized by 
a strong upward trend in average smolt size from about 
75mm (3 g) in early June to 95mm (7.5 g) by the end 
of July. Smolt sizes were largest in 2010, and smallest in 
2008, when comparing among years from 2008-2010. By 
the end of August (2010) average smolt sizes were over 
110mm fork length (Figure 4.6).

Kvichak
We have sampled sockeye salmon fry and yearlings in 
August of each year since 1962 (1961 brood year) by tow 
netting at night in Iliamna Lake (similar monitoring was 
done in Lake Clark until 1995). These tow net catches are 
used to generate an index of relative abundance for fry 
each year. The index value for fry abundance in 2010 was 
the highest on record, and is the third year in a row with 
higher-than-average index values (Figure 4.7), indicating 
good survival from the 2.3 million parent escapement in 

2009. Catch rates of sockeye fry in August tow netting 
surveys had been consistently lower than average from 
1997–2007, coincident with the lower escapements to 
the Kvichak River during this time period (Figure 4.7).
The parent escapement from 2009 (2.3 million spawn-
ers) was smaller than the long-term average, and fry pro-
duction was much higher than would be expected from 
this escapement; interestingly, we also saw relatively high 
catches of age-1 (yearling) sockeye salmon. This may 
reflect slow growth of that cohort caused by cool spring 
temperatures in 2009 and coincidently high fry produc-
tion, resulting in a larger fraction of the brood remaining 
in the lake rather than leaving as smolts at age-1. 

Fry size at the end of the first growing season is large-
ly influenced by temperatures experienced shortly after 
emergence. The adjusted mean length of fry caught in 
2010 Iliamna Lake tow net operations (47 mm) reflects 
the pattern of cooler springs and resulting smaller fry. 
The 2010 adjusted mean length was 10 mm smaller than 
the long-term average (57 mm). The smaller size of fry 
this year match smaller sizes we have seen since the 2006 
calendar year, and all of those cohorts also experienced 
cold spring temperatures similar to this year’s cohort. 
The small fry seen this year, were smaller than tempera-
ture alone would explain. Fry length has also been shown 
to be effected by both inter- and intra-brood density, in 
addition to spring temperatures (Rich et al. 2009). The 
intra-brood densities were much higher than average, 
and the additional higher prevalence of age-1 yearling 
sockeye from the 2008 brood (inter-brood) must also 
have contributed to slower growth seen in this year’s fry 
cohort.

Figure 4.5 	 Cumulative catch by date for 2008–2010 
Wood River smolt trap operated at Mosquito 
Pt. at outlet of Lake Aleknagik.

Date

Figure 4.6	 Average smolt length by date for 2008–2010 
Wood River smolt trap operated at Mosquito 
Pt. at outlet of Lake Aleknagik.
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Figure 4.7 	K vichak River escapement (1961–2009), Iliamna Lake tow net index for sockeye fry catches (deviation from 
mean), and sockeye fry length (deviation from mean) 1962–2010.
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Salmon Genetics

5. Salmon Genetics

Evolution and Maintenance of 
Genetic and Phenotypic Diversity
A core component of biocomplexity for studies is the in-
vestigation of the current population structure of sockeye 
salmon and the ways in which this structure has evolved. 
Our investigations and those of our collaborators have 
spanned a range of spatial and temporal scales to con-
sider the patterns and processes of sockeye salmon bio-
diversity in Bristol Bay. At a mechanistic level, we have 
demonstrated the restricted movements of individual 
adult sockeye salmon of both sexes once they settle in 
specific areas of a stream (Hansen Creek, flowing into 
Lake Aleknagik), and their tendency to return to these 
areas after displacement (Stewart et al. 2004, Rich et al. 
2006). Most recently, experimental thermal marking of 
embryonic salmon otoliths allowed us to show extremely 
fine-scale homing to natal sites within this very small 
stream system (Quinn et al. 2006). 

These studies of homing at fine spatial scales, com-
bined with work on isolation of temporally discrete 
breeding groups within a stream conducted by collabo-
rators (Hendry and Day 2005), open up the possibility 
of an exceptionally complex population structure in a 
single creek. We know that salmon arriving early tend 
to be larger than those arriving later, and that they tend 
to selectively settle and breed in certain areas of some 
creeks. We plan to combine datasets on these phenom-
ena to shed light on the interplay between arrival timing 
and nest-site use in one creek. 

The work on spatial and temporal aspects of hom-
ing led us to compare the genetic structure of sockeye 
salmon in three small streams, in close proximity within 
a single bay of Lake Aleknagik: Happy, Hansen, and Ea-
gle creeks (see map, page 12). Adult sockeye salmon in 
Happy and Hansen creeks are similar in spawning tim-
ing but differ in size and morphology (Happy Creek fish 
being older, larger for their age, and deeper-bodied for 
their length than in Hansen Creek), whereas Hansen and 
Eagle creek fish are similar in size and shape but differ in 
timing (Eagle Creek fish spawn later than those in Happy 

and Hansen creeks). We collected DNA samples for mic-
rosatellite analysis from early and late fish in Happy and 
Hansen creeks, and fish from Eagle Creek similar in tim-
ing to the late collections from the other creeks. These 
data demonstrated a lack of genetic differentiation de-
spite morphological variability, suggesting the presence 
of strong selection pressures maintaining phenotypic dif-
ferentiation (Lin et al. 2008b). 

At a somewhat broader scale, we are investigating the 
levels of gene flow between pairs of populations spawn-
ing in creeks and nearby beaches. Building on previ-
ous work showing that sockeye salmon (and especially 
males) spawning in creeks are much less deep-bodied 
than those spawning in beaches (Blair et al. 1993, Hamon 
et al. 2000, Quinn et al. 2001a), we are collecting data 
on size and shape in sockeye salmon spawning in two 
small creeks flowing into Little Togiak Lake (A Creek and 
C Creek), and the sockeye salmon spawning on beaches 
in the lake at the outlet of each creek. Data from three 
brood years (2002–2004) showed strong differentiation 
between beach and creek spawners as well as higher dif-
ferentiation between the populations in the two creeks 
than between the beach populations (Lin et al. 2008a). 
More importantly, the genetic data provided evidence of 
considerable annual variation in straying rates, and the A 
Creek population showed signs of complete replacement 
by immigrants in 2004. In addition, we have collected 
similar data from creek and beach spawners in Lynx 
Creek in Lake Nerka, Yako Creek in Lake Aleknagik, and 
Knutson Creek in Iliamna Lake (see maps, pages 12–14). 
These samples have been screened for genetic diversity 
and will be analyzed to test the generality of the findings 
from A and C creeks in an effort to determine the relative 
rates of gene flow between proximate but different habi-
tats (i.e., creek and beach) and between more distant but 
similar habitats (i.e., beach-to-beach and creek-to-creek; 
Lin et al. 2008a, 2008b). 

At a still broader scale, we have been collaborating 
with geneticists at the ADFG who have been examining 
possible differences in timing of adult and smolt migra-
tions between sockeye salmon from Lake Clark and Il-
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iamna Lake. These scientists have had considerable suc-
cess in differentiating sockeye salmon from these two 
lake systems, but it appears that the timing of adult and 
smolt migrations do not differ between these popula-
tion complexes (Habicht et al. 2004). We are currently in 
the process of standardizing molecular genetic methods 
between laboratories, and hope to exchange data more 

readily in the near future. Such data exchange will greatly 
improve our genetic database, which will allow a more 
thorough investigation of genetic diversity of Alaskan 
sockeye salmon. Finally, our collections have contribut-
ed to a review of population structure of sockeye salmon 
across their entire distribution (Beacham et al. 2006).

Photo: T Quinn
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Graduate Student Projects

Jonathan Armstrong, PhD candidate
Adviser: Daniel Schindler
Thermal heterogeneity and the energy 
budgets of consumer fishes
The spawning migration of Bristol Bay sockeye salmon 
provides a brief window of spectacular bounty, and the 
annual success of consumers throughout the world, 
ranging from humans to Arctic Terns, may depend criti-
cally on their ability to extract profit from this resource 
pulse. The commercial gillnetting fleet can catch fish 
faster than tenders can process them, which in some 
years leads to bottlenecks that result in lost revenue. 
Analogously, animals such as resident fishes, bears, and 
gulls may face digestive bottlenecks as they gorge on 
salmon eggs and flesh at rates faster than their guts can 
handle. For cold-blooded animals, such as fishes, water 
temperature strongly controls maximum rates of food-
processing, and thus the ability to capitalize on pulses of 
salmon eggs. I study how juvenile coho salmon exploit 
patchiness in water temperature to reduce digestive bot-
tlenecks and increase their energetic revenue. Many in-
dividuals binge-feed on eggs and then migrate to warmer 
water to accelerate digestion. 

Kale Bentley
Adviser: Daniel Schindler
Influence of salmon biocomplexity on 
movement and growth of resident fishes
Resident fishes (i.e., rainbow trout, Artic grayling, and 
Arctic char) in southwest Alaska accumulate most of 
their annual growth during the relatively short summer 
season. Eggs from spawning sockeye salmon are  
an important component in resident fish diets and, in  
some years, can constitute the vast majority of energy 

supporting their growth. However, due to asynchronous 
population dynamics and variation in spawn timing in 
neighboring populations of sockeye salmon, this pulse 
of high-quality food is not evenly distributed through 
space and time within river systems. Within years, 
the staggered spawn timing of sockeye extends the  
time resident fish can feed on eggs from roughly 3–4 
weeks to more than 2.5 months, but requires that 
individual consumers move between spawning locations. 
Among years, individuals need to migrate among sockeye 
spawning sites to capitalize on periodic large returns in 
individual sockeye populations. Therefore, we are using 
a combination of stream snorkel surveys and PIT-tag 
tracking studies to determine whether resident fishes 
are able to exploit and benefit from the inherent spatial 
and temporal variability in sockeye resources that are 
produced as a result of biocomplexity in sockeye salmon 
stocks. 

Morgan Bond, PhD candidate
Adviser: Tom Quinn
Dolly Varden life-history diversity: a multi-
faceted approach to explaining variation in 
anadromy
The focus of this study is life history diversity in Dolly 
Varden, particularly with respect to partial anadromy. 
One method for assessing life history diversity involves 
analyzing otolith (earbone) chemistry, a permanent re-
cord of fish habitat use. Life history reconstruction from 
Chignik Lakes Dolly Varden indicates a high level of life 
history diversity; fish exhibit a range of strategies from 
early life anadromy (entering marine waters in their first 
year) to complete residency (no migrations by age 8). 
These data, compiled for a large number of fish from a 
variety of habitats, are the first step toward building life 
history models and understanding potential mechanisms 
of variation in anadromy. 

6. Student Projects
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Curry Cunningham, MS student
Advisers: Tom Quinn, Ray Hilborn
Evaluating the evolutionary interaction of 
natural and anthropogenic selection in 
sockeye salmon, with predictive individual-
based modeling
This project aims to facilitate a more coherent under-
standing of how selective pressure from a commercial 
gillnet fishery for sockeye salmon might affect pheno-
typic change in morphometric and life history traits, 
by accounting for the influence of co-occurring natural 
selection processes. The focal system for this analysis is 
Hansen Creek, Alaska, where an extensive time series 
of stream surveys have quantified the impact of natural 
selective pressure from predation by brown bears (Ur-
sus arctos), stranding due to low water conditions at the 
Hansen Creek delta, and sexual processes resulting from 
intra-sexual competition and inter-sexual selection. 
Phenotypically explicit statistical approximations for 
these forms of selection have been derived and embed-
ded within an individual-based simulation model for the 
sockeye salmon life cycle, permitting quantitative predic-
tions of future phenotypic trends to be generated under 
alternative selection scenarios. It is hypothesized that 
this holistic approach will demonstrate the importance 
of natural processes in buffering against the evolutionary 
influence of fishery selection and permit the efficacy of 
alternative harvest policies to be evaluated.

Jennifer Griffiths, PhD candidate
Adviser: Daniel Schindler
Climate change and geomorphic evolution in 
an Alaskan watershed and implications for 
salmon production
This research investigates the response of salmon pro-
duction in the Chignik watershed, where two lakes with 
different physical characteristics and geomorphic rates 
are experiencing the same regional climate change. A hy-
drodynamics model is coupled to a bioenergetics model 
to assess the implications of restoration alternatives for 
water temperature and salmon growth in the upper wa-
tershed. Historic townet records will be used to assess 
the important environmental and biological variables for 
sockeye growth in both rearing lakes. Our overall objec-
tive is to assess the future production potential of the wa-
tershed and the relative contribution of each rearing lake 
to total freshwater production.

Rachel Hovel, MS student
Adviser: Tom Quinn
Climate-driven habitat changes restructure 
northern lake fish communities 
This project examines how littoral zone fish communities 
in large Alaskan lakes have responded to several decades 
of documented climate warming. Species abundance 
data from more than 50 years of standardized beach 
seining on Lake Aleknagik were analyzed along with  
environmental records, including water temperature and 
date of ice out. Analyses indicate differences in changes 
in relative abundance of fish of varied life history strate-
gies, such as timing of breeding and generation time. In 
addition, both rate of change and extent of change were 
significantly different among sampling sites within the 
lake. These results suggest that habitat heterogeneity and 
the diversity of fish strategies can play an important role 
in evaluating community-level responses to large scale 
environmental change and in assessing the trajectory of 
community composition in the future. 

Neala Kendall, PhD candidate
Adviser: Tom Quinn
Fishery selection and Pacific salmon life 
histories: patterns and processes
I quantified size-selective fishing on Nushagak River 
Chinook salmon by both commercial and recreational 
fisheries. The average age and lengths of most maturing 
fish have decreased over time. Size-selection by the com-
mercial fishery has been highly variable over time but, 
overall, smaller-than-average fish have been caught. In 
contrast, the recreational fishery has regularly removed 
larger-than-average fish. Age and size at maturation 
trends are unlikely to have been caused solely by fish-
ery selection and are likely also related to environmen-
tal changes affecting fish growth. In another project, I 
quantified size-selective fishing by nine Alaskan sockeye 
salmon fisheries and found that size-selectivity varied 
over time but on average larger fish were caught, leav-
ing smaller fish to spawn. Also, selection was generally 
stronger on females than on males. 



 27

Student Projects

Wesley Larson, MS student
Adviser: Lisa Seeb
What drives major histo-compatibility complex 
diversity in Bristol Bay sockeye salmon
The major histocompatibility complex (MHC) binds 
pathogens that enter the body and allows the immune 
system to recognize them and mount a response. The 
genes that encode the MHC are highly polymorphic and 
under selection. We are attempting to characterize the 
manner and direction of selection on these MHC genes 
in the Wood River Lakes system.

Jocelyn Lin, PhD candidate
Advisers: Lorenz Hauser, Ray Hilborn
Factors affecting phenotypic and genetic 
diversity in Pacific salmon
I use molecular and modeling techniques to study genetic  
and phenotypic diversity among populations of Pacific 
salmon. Chapter 1 of my dissertation examines patterns 
of genetic and phenotypic differentiation between beach 
and creek spawning ecotypes of sockeye salmon, with 
the goal of identifying factors that impact gene flow and 
population divergence. Chapter 2 focuses on the popula-
tion genetics of chum and Chinook salmon in the Wood 
River system to consider how gene flow and genetic drift 
may affect these small spawning aggregates. Chapter 3 is 
on selection and how phenotypes may affect reproduc-
tive success of wild sockeye salmon. Chapter 4 describes 
an individual-based, quantitative genetic model for in-
vestigating local adaptation and population viability in 
connected populations of sockeye salmon.

Peter Lisi, MS student
Adviser: Daniel Schindler
Watershed controls on stream thermal 
regimes: effects on salmon spawn timing and 
links to riparian communities
My research seeks to further understand how geomor-
phic variation translates into hydrologic variation among 
streams throughout a river system, and how variation in 
hydrology produces intraspecific diversity in the timing 
of a seasonal ecosystem subsidy (salmon) throughout a 
river system. I am currently using GIS, stable isotopes 
in water, and temperature loggers to determine how wa-
tershed features influence the contribution of snowmelt 
and rainfall to streams, how the balance of rain and snow 
regulates the thermal regimes of streams, and how varia-
tion in spawn timing of individual populations of sock-

eye salmon (Oncorhynchus nerka) corresponds to spatial 
variation in thermal conditions among streams. Finally, 
I will determine if variation in salmon spawn timing 
among streams translates into phenological variation in 
a riparian plant. Specifically, I will test the hypothesis that 
a pollinator mutualism directly ties riparian plant flow-
er timing to the seasonal timing of an annual influx of 
salmon resources to streams.

Daniel Peterson, MS student
Adviser: Lorenz Hauser
Gene flow under a temporally variable 
predation regime in two proximate 
populations of sockeye salmon
The goal of this project is to quantify the effects of varia-
tion in predatory selection pressure on the level of gene 
flow within a metapopulation of creek- and beach- 
breeding sockeye salmon. We will use genetic tech-
niques to examine how variation in strength of predation  
pressure affects the overall genetic impact of immigrants 
on recipient subpopulations as well as the relative fit-
ness of different reproductive behavioral strategies. Our  
broad aim is to understand the forces that influence  
patterns of genetic structure in a temporally dynamic 
metapopulation.

2010 AERA Class Student Projects

Hannah Barrett
Predatory fish attraction to sockeye salmon tissues 

Britttany Cummings
Effects of spawning salmon on the size at emergence of 
stream dwelling insects

Jeanelle Miller
Influence of hyporheic-surface water interactions on 
sockeye spawning distribution in Hansen Creek, AK

Ke’ale Louie
Analysis of tissue-specific energy loss experienced by 
sockeye salmon during senescence

Hannah Stapleton
The effect of the parasite Schistocephalus solidus on diet 
and feeding rate of the three-spined stickleback

Marshall Stephens
Price mediated movement of permits in Alaska’s limited 
entry herring fisheries
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7. Data and Web Development

Data Recap
J Carter (research scientist & database manager)

The Alaska Salmon Program has been collecting ecologi-
cal data on Bristol Bay salmon populations and the lakes 
and streams in which they spawn since 1946. These data 
were archived as paper records, necessitating an effort to 
modernize by moving to a single comprehensive Alaska 
Salmon Program Database (ASPD). Our transition of all 
major long-term monitoring data from SW Alaska into 
a publicly accessible database is essentially complete and 
the functionality of the database has improved dramati-
cally.

Significant progress with the database was made 
in the prior years and details can be found in the 2009 
Alaska Salmon Program annual report, accessible online 
(see ASP website). In 2010–2011 our primary focus was 
to fill in any gaps in the major datasets and incorporate 
pertinent smaller program datasets and graduate student 
projects into the database. We have made substantial 
progress in this area and will continue to prioritize these 
goals. 

Primary Data Goals for 2011–2012
Primary data goals for fall 2011–summer 2012 are as  
follows:
•	 To continue integrating small and short-term pro-

gram datasets, as well as data from graduate student 
theses and dissertations and undergraduate student 
projects into the database. 

•	 To create a functional ASP fish tagging database and 
eventually merge it into the main ASPD. Merging the 
tagging database will require adjustments to database 
design as well as identification and removal of poten-
tial overlapping data to avoid data redundancy.

•	 To ensure that all datasets in the ASPD have appro-
priate metadata noted and accessible. This is critical 
to guarantee all data are used correctly and will be 
given high priority once we return from the summer 
2011 field season.

Website
The Alaska Salmon Program has maintained a website, 
hosted by the School of Aquatic & Fishery Sciences, since 
1999. The original site primarily provided general infor-
mation about the program, including a history of the re-
search from program inception in 1946, a list of select 
publications with links to full-text pdfs of technical re-
ports, facility descriptions, a photo gallery, and person-
nel directory. Data were limited to a table of the annual 
Bristol Bay salmon run forecast and links to the full re-
port. Site content was primarily a function of the pro-
gram’s principal funding source and research impetus—
the Bristol Bay commercial salmon fisheries. 

A condition of recent program funding was to develop 
web-based resources for obtaining ASP datasets and as-
sociated information (e.g., publications). Funding is also 
supporting a dedicated web content developer to assist 
in developing online data resources and to redesign and 
expand the scope and breadth of web content and provide 
timely updates and maintenance. The ASP website hosts 
a searchable photo gallery, including photos and descrip-
tive information on various program components—biol-
ogy, environment, socioeconomics, and infrastructure.

Datasets in the ASPD that have been error checked 
and verified are available via our website (http://fish.
washington.edu/research/alaska/data.html). The follow-
ing information is presented for each dataset: 1) a sum-
mary graphic showing an example time-series trend for 
each dataset, 2) summary data available for download, 3) 
metadata, and 4) an opportunity to request data beyond 
the summary using our online request form. 

These web-based resources will be expanded during 
2010 to include new datasets as they become available 
both through historical data entry and data collection 
during the 2010 field season.
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8. Facilities

The following facilities upgrades and maintenance proj-
ects were undertaken and completed in 2010:
•	 The Panabode workshop structure on Porcupine 

Island, originally built in 1961, had settled into the 
ground and had several rotten log courses. The build-
ing was jacked up and a new foundation built under-
neath, a pony wall and floor were added, thus raising 
the height of the structure by about three feet. A new 
roof was added as well.

•	 The Iliamna Village cabin was given some overdue 
maintenance: repairs were made to the rotting entry, 
a new floor was installed throughout the cabin, and 
the interior walls were painted.

•	 The bunk house facility at the Lake Nerka camp was 
jacked up, a new foundation was put in place, a new 
porch was built, and some of the old windows were 
replaced. 

Facilities

Photo: H Rich
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11. 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
UW University of Washington

Common Names, Genus and Species
Arctic char Salvelinus alpinus
Arctic grayling Thymallus arcticus
Brown bear Ursus arctos
Dolly Varden Salvelinus malma
Ninespine stickleback Pungitius pungitius
Pacific halibut Hippoglossus stenolepis
Pacific 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
Threespine stickleback Gasterosteus aculeatus
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Appendix A.	 Summary of ground-based spawning ground surveys of adult sockeye salmon in Wood River streams, 2010. 
*Jacks are included in the live and dead counts. Average jack counts are from 2003–20010. Counts prior to 
these years are sporadic and unreliable. ** Total does not include the estimate off the mouth. 

Site	                             Date	                      Live		     Dead                   Jacks*                   Total**            Est. off mouth
	 2010	  Avg.	 2010	   Avg.	      2010	      Avg.	      2010	   Avg.	      2010	    Avg.	    2010	  Avg.

L a k e ale   k nag i k

Big Whitefish	 8/23/10	 1950–2009	 1488	 673	 451	 135	 1	 78	 1940	 1087	 75	 172
Yako	 8/5/10	 1946–2009	 1037	 1756	 30	 615	 2	 23	 1069	 2369	 400	 633
Bear	 8/4/10	 1946–2009	 1383	 2579	 107	 937	 1	 11	 1491	 3455	 200	 442
Ice	 8/8/10	 1946–2009	 597	 4708	 119	 2950	 0	 4	 2385	 7469		  191
Sunshine		  1982–2009		  1075		  550		  0		  1305		  1260
Happy	 8/7/10	 1946–2009	 1828	 3350	 1823	 3039	 19	 6	 3670	 6066		  503
Hansen	 8/7/10	 1947–2009	 10096	 2420	 723	 1731	 9	 70	 10828	 4070		  475
Eagle	 8/11/10	 1970–2009	 881	 859	 295	 169	 5	 11	 1181	 1107	 100	 269
Mission	 8/13/10	 1954–2009	 725	 877	 239	 334	 1	 9	 965	 945	 100	 87

L a k e Ne  r ka
							     
Allah	 8/12/10	 2005–2009	 753		  1078		  4		  1835				  
Berm	 8/4/10		  390		  211		  0	 12	 601		  100	
Fenno	 8/12/10	 1946–2009	 1960	 1923	 508	 2390	 8	 20	 2466	 4266	 150	 30
Pick	 8/19/10	 1946–2009	 3605	 6734	 318	 2541	 1	 7	 3924	 10190	 50	 258
Lynx	 8/23/10	 1946–2009	 430	 2294	 45	 885	 0	 25	 475	 3012	 0	 377
N–4				    11		  12				    23		
Hidden Lake Cr	 8/17/10	 1946–2009	 517	 1559	 125	 1134	 1	 9	 643	 2647		  105
Hidden Lake	 8/17/10	 2000–2009	 1049		  0		  1		  1059		  0	
Elva	 8/28/10	 1946–2009	 22	 135	 12	 51	 0	 1	 34	 186	 300	 207
Sam	 8/9/10	 1946–2009	 701	 1455	 276	 1143	 1	 6	 978	 2170		  690
Joe	 8/6/10	 1983–2009	 2101	 1836	 90	 1076	 1	 7	 301	 2915		  201
Stovall	 8/25/10	 1954–2009	 5538	 1057	 1781	 699	 0	 10	 7319	 1811	 0	 3
Pike	 8/18/10	 1970–2009	 730	 1149	 176	 748	 0	 21	 906	 1897	 0	 0
Teal	 8/18/10	 1970–2009	 394	 556	 159	 1030	 24	 23	 577	 1059	 0	 8
Kema	 8/26/10	 1955–2009	 244	 1022	 1027	 1135	 1	 4	 1281	 2472	 30	 0
Little Togiak R.	 8/30/10	 1947–2009	 3434	 7648	 56	 291			   3490	 5560	 150	 1670

L i ttle    To g ia k L a k e

A Creek		  8/25/10	 1947–2009	 0	 43	 370	 94		  0	 370	 139		  94
C Creek		  8/30/10	 1947–2009	 0	 158	 210	 174		  0	 210	 264		  226

be v e r ley 

Moose		  8/20/10	 1955–2009	 536	 1507	 777	 968	 0	 8	 1313	 2521	 500	 33

k u l i k
												          
Grant River		 8/21/10	 1946–2009	 8808	 5182	 246	 1625	 0	 2	 9054	 6885	 500	 78

*	 Average counts for jacks are from 2003–2008. Counts prior to these years are sporadic and unreliable.			 
**	 Totals do not include the estimate of fish off the mouth.									       
Blanks indicate no data taken.												          
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Appendix C.	 Historical total peak sockeye counts for streams of lakes Aleknagik, Nerka, Little Togiak, Beverley, and Kulik, 
1946–2010.
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continued on next page

Appendix C
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Appendix C
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