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ABSTRACT 
The sockeye salmon (Oncorhynchus nerka) run returning to Hetta Lake is a primary subsistence resource for the 
community of Hydaburg. This sockeye salmon run likely yielded annual harvests of around 100,000 fish in early 
commercial fisheries in the late 1800s–early 1900s, but in more recent years has shown signs of depletion. A 
program to assess the status of this stock was started in 2001. Mark-recapture estimates of sockeye salmon spawning 
populations in the lake between 2001 and 2004 indicated escapements as low as 1,000–3,000 fish. A weir count and 
mark-recapture estimate in 2005 likewise indicated an escapement of only about 3,000 fish. Subsistence harvests 
were extremely low in 2002 and 2004, and in 2005, only 350 sockeye salmon were counted in the harvest census 
from Hetta Cove. However in 2006, we were encouraged to see a much larger sockeye salmon return, with 17,930 
adult sockeye salmon counted through the Hetta Creek weir and 9,800 sockeye salmon harvested in the Hetta Cove 
subsistence fishery. These were both the largest estimated escapement and the largest subsistence harvest observed 
since the assessment program began in 2001. In contrast, sockeye fry populations, estimated using hydroacoustic 
and trawl surveys, appear to have dropped drastically in 2005 and 2006 from former levels. As in several previous 
years, over one million small fish targets were estimated in the hydroacoustic survey, but in 2005 and 2006, almost 
all the fish caught in trawl samples to estimate species composition were threespine sticklebacks (Gasterosteus 
aculeatus). Zooplankton biomass per unit surface area in 2006 was lower than the already low level estimated in 
2005, with a seasonal mean of only 32 mg·m-2, of which Daphnia, a preferred prey for both sockeye fry and 
sticklebacks, comprised only 1%.  

Key words: sockeye salmon, Oncorhynchus nerka, subsistence, Hetta Lake, Hydaburg, Prince of Wales Island, 
escapement, mark-recapture, fry, hydroacoustic, harvest census, zooplankton 

INTRODUCTION 
Sockeye salmon returning to Hetta Lake and a handful of others along Hetta Inlet have provided 
Hydaburg residents with a primary food resource since the founding of the village in the early 
1900s (Betts et al. In press). Prior to that, Haida people moving into the area from the Queen 
Charlotte Islands in the late 1700s located seasonal camps and villages near these productive 
sockeye salmon streams, displacing Tlingit inhabitants who had also situated their camps and 
villages near these sockeye salmon runs (Langdon 1977). These same sockeye salmon runs were 
also targeted by commercial fishing interests that occupied the area beginning in the 1890s, with 
canneries in Hetta Inlet reporting total sockeye salmon harvests of 140,000 to 250,000 sockeye 
salmon (Moser 1899). Signs of depletion in the Hetta Lake stock and others became evident 
early in the commercial fishing era, when harvest methods sometimes included complete 
barricades across the mouths of the spawning streams. To compensate, attempts were made to 
supplement the Hetta Lake stock with hatchery production, which not only failed but removed 
large numbers fish from the natural spawning population to be used as broodstock (Roppel 
1982).  By 1918, annual escapements into Hetta Lake had fallen to less than 10,000 sockeye 
salmon (Roppel 1982; Rich and Ball 1933). Commercial fisheries were moved away from the 
marine terminal areas of these sockeye salmon streams in the late 1920s (Rich and Ball 1933), 
but continued farther offshore with the use of fish traps and purse seiners (Langdon 1977). No 
further escapement assessments of the Hetta Lake sockeye salmon run were conducted until 
1967–1971, when a weir was installed and counts of some 15,000 to 24,000 sockeye salmon 
were recorded. A single year’s weir count in 1982 was much smaller than those earlier counts 
(Table 1). Unfortunately, the absence of supporting information about the weir or other aspects 
of the sockeye salmon runs from this period prevents a more meaningful interpretation of typical 
escapement levels, and whether the 1982 count represented a long-term decline.  
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Table 1.–Historical sockeye salmon escapement counts from a weir 
located on the outlet stream of Hetta Lake. 

Year Sockeye count 
1967 24,164 
1968 17,599 
1969 16,202 
1970 20,542 
1971 15,779 

-                - 
1982 5,387 

  

In recent years, personnel from Alaska Department of Fish and Game (ADF&G) and the 
Hydaburg Cooperative Association (HCA) have cooperated on a sockeye salmon stock 
assessment program at Hetta Lake since 2001. In 2001–2004, mark-recapture studies were used 
in attempts to estimate the sockeye salmon spawning population in Hetta Lake. The resulting 
estimates ranged from a few hundred to about 3,000 fish (Conitz et al. 2007; Cartwright et al. 
2005; Lewis and Cartwright 2004; McEwen et al. 2002), but most likely underestimated the true 
spawning population. One suspected deficit in these estimates was very late season spawners, for 
which we have anecdotal evidence (R. Sanderson, Hydaburg biologist and elder, personal 
communication 2002–2008), but no samples or surveys representing fish present after the end of 
October. Starting in 2005, a weir was used to obtain an annual escapement count, verified with a 
mark-recapture experiment (Host et al. 2008). In 2005, with the weir in place, we estimated an 
escapement of 3,300 fish, not much higher than the mark-recapture estimates of the previous four 
years. 

Juvenile sockeye salmon population estimates in the lake have not reflected the observed pattern 
of adult escapements. Hydroacoustic estimates in Hetta Lake consistently indicated total 
populations of small fish of around one million annually in 2002–2005, and at the beginning of 
this period, trawl samples indicated that most of these targets were sockeye fry. These apparently 
large sockeye fry populations contrasted with the very small escapement estimates, and seemed 
to confirm suspicions that we had underestimated brood year spawning populations. However, 
the proportion of sockeye fry in the trawl samples dropped precipitously in 2005, when 98% of 
the fish sampled were sticklebacks (Host et al. 2008). Whether this apparent shift accurately 
reflects juvenile sockeye salmon population status, or resulted from bias inherent in trawl 
sampling methods is unknown. Zooplankton density and biomass estimates have been lower in 
Hetta Lake than in other sockeye salmon producing lakes in Southeast Alaska, indicating 
sockeye fry production may be limited by food availability (Cartwright et al. 2005). 

The subsistence sockeye salmon fishery is a very important part of the cultural and economic life 
of the community of Hydaburg (Betts et al. in press). Residents fish at several sockeye salmon 
streams in the area of Hetta Inlet and Cordova Bay (Figure 1). Hetta Lake is generally the largest 
producer of sockeye salmon, and often supplies the largest share of the total subsistence sockeye 
salmon harvest by Hydaburg residents. However, in years when the sockeye salmon run to Hetta 
Lake is small, harvest from other streams becomes more important (Table 2; Conitz et al. 2007). 
Eek Lake stream is a favored fishing area because of its proximity to the community, and some 
people fish at other more distant streams such as those at Kasook and Hunter Bay. The 
community’s total sockeye salmon harvest from all areas has been the highest in years when the 
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Hetta Lake run provided the largest share of the harvest (Table 2). These harvest figures indicate 
the community needs well over 3,000 sockeye salmon annually for subsistence, and that the 
Hetta Lake run was unable to supply this many fish in three out of five recent years. 

 
Table 2.–Total subsistence harvest of sockeye salmon at Hetta Lake marine terminal area and other 

streams near the Hydaburg community, as determined by a direct census and interviews of participants 
after they completed fishing. The number of interviews is shown in parentheses. Each interview 
represents one fishing trip; some participants may have fished more than once, and at more than one 
location. 

Total sockeye harvest (and number of participants), Hydaburg area 
Year Hetta Other streams Total  
2001 4,416 (41) NA NA 
2002    950 (28) 2,759 (53) 3,709 
2003 5,770 (64) 1,930 (38) 7,700 
2004    630 (20) 2,435 (29) 3,030 
2005    350 (14)    468 (15)    818 

 

The level of commercial harvest on the Hetta Lake sockeye salmon stock is unknown. Large 
numbers of sockeye salmon are harvested in commercial seine fisheries in Districts 103 and 104 
on the outer coast of Prince of Wales Island and the islands off its outer coast. These are highly 
mixed-stock fisheries with many contributing stocks including those from large mainland rivers, 
and Hetta Lake sockeye salmon would be expected to comprise only a small fraction of the total 
harvest. Nevertheless, we cannot rule out the possibility of substantial commercial harvest in 
some years. Preliminary studies indicate that Hetta Lake sockeye salmon can be identified in 
mixture of stocks using rapidly advancing genetic stock identification technology (G. Oliver, 
ADF&G Div. of Commercial Fisheries, personal communication 2008). However, a 
comprehensive sampling program that would be needed to quantify this stock throughout all 
fisheries in the region does not yet exist.   

Primary objectives for the Hetta Lake study in 2006, as in previous years, were to obtain a 
reliable and complete estimate of sockeye salmon escapement into the lake, and a complete 
subsistence sockeye salmon harvest census from all fishers in the Hydaburg community. The 
2006 season was the second season of weir operation, again using a mark-recapture estimate to 
verify the weir count. We also collected auxiliary information as in the previous five years, 
including estimates of sockeye salmon age, sex, and length composition in the escapement. 
Zooplankton was sampled approximately every six weeks from May through October to estimate 
species composition, density, and biomass.  A hydroacoustic and trawl survey was conducted in 
the fall, with particular attention given to the apparent decline in sockeye fry numbers relative to 
threespine sticklebacks.  

STUDY SITE 
Hetta Lake (ADF&G stream no. 103-25-047; 55o10.17’N 132o34.03’W) is located on the 
southwestern side of Prince of Wales Island (Figure 1). This dimictic oligotrophic lake has 
organically stained water, and a surface area of 207 ha, an elevation of 9.4 m, a mean depth of 
48.0 m, and a maximum depth of 92.0 m (Figure 2). The volume of the lake is 99.4 million m3, 
and the residence time is about 12.6 months. The Hetta Lake watershed is composed of 24 km2 
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of steep spruce, cedar, and hemlock forest, much of which was logged in the 1950s. The main 
sockeye salmon spawning areas in Hetta Lake are Hetta Creek and the beach in front of Old 
Hatchery Creek. Sockeye salmon also spawn in small aggregations in other areas along the lake 
shoreline. The outlet stream, Outlet Creek, empties into Hetta Cove approximately 600 m from 
the lake. In addition to sockeye salmon, native fish species include pink (O. gorbusha), chum (O. 
keta), and coho (O. kisutch) salmon, cutthroat (O. clarki) and  steelhead (O. mykiss) trout, Dolly 
Varden char (Salvelinus malma), threespine stickleback, and cottids (Cottus sp.). 

 

 

Eek Inlet 

Hetta Cove 

Figure 1.–The geographic location of Hetta Lake and subsistence fishing areas of Hetta Cove, Eek 
Inlet, Hunter Bay, and Kasook Inlet are shown in relationship to Hydaburg on southeast Prince of Wales 
Island. 

 



 

 

 

  

Sampling sites 

Outlet 
Creek 

Camp Creek 

S.E Creek 

Hetta Lake 

Old Hatchery Creek 

Figure 2.–Hetta Lake bathymetric map with locations of inlet and outlet streams, mark-recapture 
sampling sites, and limnological sampling stations (A and B). 

 

OBJECTIVES 
1. Count the number of sockeye salmon and other salmonid species entering Hetta Lake 

through a weir, and mark 30% of the sockeye salmon passing through the weir. 

2. Estimate sockeye salmon escapement in Hetta Lake with a mark-recapture study on the 
spawning grounds, so that the coefficient of variation is less than 15%. 

3. Estimate the age composition of the sockeye salmon escapement, so that the coefficient 
of variation is 10% or less for the two major age classes, and describe the size 
composition by age and sex. 

4. Measure the subsistence harvest of sockeye salmon by Hydaburg residents at Hetta Cove 
and nearby streams using completed trip interviews with all participants on the fishing 
grounds or at the Hydaburg harbor (complete harvest census).  

5. Estimate the number of sockeye fry in Hetta Lake using hydroacoustic and trawl survey 
methods, so that the sockeye fry population estimate has a coefficient of variation less 
than 15%. 

6. Collect baseline data on sockeye fry habitat in Hetta Lake using established ADF&G 
limnological sampling procedures.  
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METHODS 
SOCKEYE ESCAPEMENT ESTIMATE 
Weir Count 

The crew counted salmon daily, by species, through an aluminum bipod and picket weir on the 
outlet stream of Hetta Lake. The weir was 17 m wide with pickets spaced 4.48 cm apart on 
center. Fish passed through an opening in the weir into a 2.5 m x 1.25 m rectangular trap box 
constructed of aluminum channel and pickets. A field crew from the Hydaburg Cooperative 
Association operated the weir from 7 June to 21 September, 2006. All fish captured at the weir 
were enumerated by species and released above the weir. A portion of the sockeye salmon was 
sampled for age (using scale samples), sex, length, and marked with fin clips for the mark-
recapture study.  

Mark-Recapture Estimate 
To test the integrity of the weir and provide an auxiliary estimate of sockeye salmon escapement 
into Hetta Lake, I estimated escapement using a closed, stratified, two-sample mark-recapture 
model (Arnason et al. 1996). The first sample, or marking phase of the study, consisted of fish 
marked at the weir. A constant marking rate of 30% of sockeye salmon passed through the weir, 
throughout the season, was set, and the primary mark was an adipose fin clip. The season was 
divided into three temporal strata, designated by secondary marks as follows: dorsal fin clip, 8 
June–26 July; upper caudal fin clip, 27 July–23 August; and lower caudal fin clip, 24 August–20 
September.  

The second sample, or the recovery phase of the mark-recapture study, consisted of fish captured 
and examined for marks on the spawning grounds, beginning toward the end of the weir 
operation period and continuing into October. Sampling was conducted in all accessible 
spawning areas, including Hetta Creek, during four sampling events: 30–31 August, 8–9 and 19–
20 September, and 3–5 October. The crew sampled fish with a beach seine around the mouth of 
Hetta Creek and in other beach spawning areas around the lake and with dipnets in the channel 
of Hetta Creek. The crew sampled as many fish as possible on each sampling day or until the 
number of fish previously caught that day exceeded the number of new fish. All captured fish 
were examined for marks and then marked with an opercular punch to prevent duplicate 
sampling in future trips, to ensure sampling without replacement.  

Visual Surveys 
Crew members visually counted spawning sockeye salmon in all parts of the lake including Hetta 
Creek from 30 August to 26 October. Surveys of the lake perimeter were conducted by boat, and  
Hetta Creek was surveyed on foot, from the creek mouth to the barrier falls about 1 km 
upstream. The counts were completed before each mark-recapture sampling event.  

Data Analysis 
The two-sample Petersen model provides a simple method for estimating population size, based 
on the number of animals marked in the first sample, the number of animals subsequently 
sampled for marks in the second sample, and the number of marks recovered in the second 
sample (Seber 1982, p. 59; Pollock et al. 1990). Stratified mark-recapture models extend the two-
sample Petersen method over two or more sampling events in both the marking (first) and mark-
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recovery (second) samples. Stratified models are widely used for estimating escapement of 
salmonids as they migrate into their spawning streams (Arnason et al. 1996). Spawning 
migrations may last for a month or more, during which time there can be substantial variation in 
biological parameters such as mortality rates. A fundamental assumption of the Petersen and 
related mark-recapture models is that capture probabilities for individual animals are equal 
(Pollock et al. 1990). Briefly stated, the three assumptions of equal capture probability required 
by the Petersen model are: 1) all fish have an equal probability of capture in the first sample 
(marking), 2) all fish have an equal probability of capture in the second sample (mark-recovery), 
and 3) fish mix completely between the first and second sample. In stratified sampling, if one or 
more of these assumptions is met, the marking and recovery strata can generally be pooled, 
thereby providing the most precise estimate. However, if none of the assumptions are met, the 
pooled estimate can be badly biased (Arnason et al. 1996).  

To test for consistency of capture probabilities in the marking and recapture strata, two chi-
square tests are commonly used. A test for equal capture probability in the first sample compares 
observed and expected numbers of marked and unmarked fish in each recapture stratum. A test 
for equal capture probability in the second sample, or equivalently, complete mixing, compares 
observed and expected numbers of those fish marked in the initial (marking) strata which were 
recaptured or not recaptured. These tests are provided in the Stratified Population Analysis 
System (SPAS) software and labeled “equal proportions” and “complete mixing,” respectively 
(Arnason et al. 1996; for details, refer to http://www.cs.umanitoba.ca/~popan/). I considered a 
test statistic with p-value ≤ 0.05 to be “significant.” If neither test statistic, or only one test 
statistic, was significant, I concluded all marking and all recapture strata could be pooled without 
significant risk of bias and the simple Petersen (“pooled Petersen”) estimator could be used. If 
both test statistics were significant, I concluded the pooled estimator had a significant risk of 
bias, and used the stratified Darroch estimator if it could be found. If the SPAS program was 
unable to converge to a solution for the Darroch estimator, I followed the guidelines and 
suggestions in Arnason et al. (1996) to search for a partial pooling scheme that would lead to a 
valid estimate. I also examined the data for any obvious deficiencies or discrepancies in sample 
sizes and recapture numbers, and considered events during the season, such as flooding or 
missed sampling dates, that may have led to inconsistencies.  

If a valid estimate was found, the 95% confidence interval bounds were used to judge the 
accuracy of the weir count. If the weir count fell within the 95% confidence interval bounds, it 
was considered accurate. If the weir count was below the lower 95% confidence interval bound, I 
considered the possibility that the weir count was inaccurate and some fish escaped through 
undetected. In that case, the mark-recapture estimate, if unbiased, could be more accurate. A 
weir count above the 95% confidence interval bounds could only indicate the mark-recapture 
estimate was inaccurate, because the weir count, if free of counting errors, would always 
represent a minimum number of fish in the lake. If a valid estimate was not found, the weir count 
was accepted as the best estimate, of at least minimum escapement. 

SOCKEYE ESCAPEMENT AGE AND LENGTH COMPOSITION 
The field crew sampled 605 sockeye salmon for scales, length, and sex at the Hetta Lake weir 
and on the spawning grounds to estimate the age, sex, and length composition of the spawning 
population. Scale samples were paired with sex and length data from each sample. Three scales 
were taken from the preferred area of each fish (INPFC 1963) and prepared for analysis as 
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described by Clutter and Whitesel (1956). Scale samples were analyzed at the ADF&G Salmon 
Age Laboratory in Douglas Alaska. Age classes were designated by the European aging system 
where freshwater years are counted after hatching and emergence from the gravel, and 
freshwater and saltwater years are separated by a period. The total age includes the time from 
fertilization to hatching and emergence. For example, a fish of age 2.3 spent two years in 
freshwater after hatching and three years in saltwater, and was six years old when it returned to 
the lake to spawn (Koo 1962). The length of each fish was measured from mid eye to tail fork to 
the nearest millimeter (mm). The proportion in each age-sex group was estimated along with its 
associated standard error, using standard statistical techniques assuming a binominal distribution, 
described in common references, such as Thompson (1992).  

SUBSISTENCE HARVEST ESTIMATE  
Subsistence fishers from Hydaburg were interviewed on the fishing grounds or in the harbor to 
determine fishing area, date, time, duration of fishing, gear, and total harvest by species, for each 
boat or group of participants. All participants were interviewed after they completed fishing for 
the day. I compiled data by area fished for Hetta Cove, Eek Inlet, Hunter Bay, and Kasook Inlet, 
and examined the harvest and effort by gear type. This survey was considered a census, because 
a technician interviewed every party that fished at each of these fishing grounds. Consequently, 
the total harvest in each area was simply the sum of individual harvests, with no variance.  

SOCKEYE FRY ASSESSMENT  
Hydroacoustic and mid-water trawl sampling methods were used to estimate abundance and age-
size distributions of sockeye fry and other small pelagic fish in Hetta Lake in 2006. To control 
year-to-year variation in our estimates, the acoustic survey in 2006 was conducted along the same 
fourteen transects that were randomly chosen in 2002 (two random transects from each of seven 
sampling sections of the lake) as permanent transects for this lake (Lewis and Cartwright 2004).  

Hydroacoustic survey 
During the acquisition of acoustic targets, each selected transect was surveyed from shore to 
shore, beginning and ending the sampling at the depth of 10 m. Sampling was conducted during 
the darkest part of the night. A constant boat speed of about 2.0 m sec-1 was attempted for all 
transects. The acoustic equipment used on the survey was the Biosonics DT-4000™ scientific 
echosounder (420 kHz, 6° single beam transducer); version 4.0.2 of the Biosonics Visual 
Acquisition© software was used to collect and record the data. The ping rate was set at 5 pings · 
sec-1 and the pulse width at 0.4 ms. Only target strengths ranging from –40 dB to –68 dB were 
recorded because this range represented fish within the size range of sockeye fry and other small 
pelagic fish.  

Trawl Sampling 
Midwater trawl sampling was conducted in conjunction with hydroacoustic surveys to determine 
species composition of pelagic fish and age distribution of sockeye fry. A 2 m x 2 m elongated 
beam-trawl net with a cod-end was used for trawl sampling. Trawl sampling was conducted in 
the area and depth of the lake with highest concentration of fish, identified during the 
hydroacoustic survey. Within this area, replicate tows were conducted at each depth. The second 
tow, at a given depth, was started at the termination point of the first tow. Direction of the second 
tow was selected so a different area from the first tow would be sampled. Trawl duration was 5–
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20 minutes, starting in areas of highest target densities. If warranted, a second complete set of 
tows was conducted in a morphologically distinct section of the lake or in a second area of high 
fish density. 

All adult fish caught in the midwater trawl were identified, counted, and released. All small fish 
from the trawl net were euthanized with MS 222. Fish were preserved with 90% alcohol. 
Samples from each tow were preserved in separate bottles. The bottle was labeled with the date, 
lake name, tow number, tow depth, time of tow, and initials of collectors.  

In the laboratory, fish were re-hydrated by soaking in tap water for 60 minutes prior to 
measurement. All fish were identified to species, and snout-fork length (to the nearest 
millimeter) and weight (to the nearest 0.1 gram) were measured on each fish. All sockeye fry 
under 50 mm were assumed to be age-0. Scales were collected from sockeye fry over 50 mm and 
mounted onto a microscope slide for age determination. Sockeye fry scales were examined 
through a Carton microscope with a video monitor and aged using methods outlined in Mosher 
(1968). Two trained technicians independently aged each sample. Results of each independent 
scale ageing were compared. In instances of discrepancy between the two age determinations, a 
third independent examination was conducted.  

The proportion of each species caught in the trawls was used to allocate hydroacoustic targets 
estimates by species; the estimate of sockeye fry was further allocated according to proportion of 
sockeye fry in each age class. The process of capturing juvenile fish with a trawl was modeled 
with a hierarchical Bayesian model, assuming a separate random rate for each category of sonar 
target, with each trawl pass. Rates of sockeye salmon acquisition for each specific trawl pass 
were assumed to follow a Beta sampling distribution with a common set of parameters for the 
whole lake.  

Data Analysis 
Biosonics Visual Analyzer © version 4.0.2 software was used to analyze the sonar record. The 
lake was divided into seven sampling sections, with two transects per section. Echo integration 
was used to generate an estimate of target density (targets·m-2) for each sample transect 
(MacLennan and Simmonds 1992).  Mean target density for each section was estimated from the 
two random transects. The sample variance of each section estimate was estimated, with one 
degree of freedom. The mean target density for the whole lake was estimated as the average of 
the target-density estimates for each section, weighted by surface area of each section. The 
estimate of total targets in the lake was estimated as the sum of target population estimates for 
each section. Because each section was sampled independently from other sections, the sampling 
variance for the whole-lake target population estimate was estimated simply as the sum of the 
section variances.  

The estimate of total targets was partitioned into two categories, sockeye fry and other small fish, 
by means of the trawl sampling. Commonly, researchers assume that the proportion of sockeye 
fry in such a sample follows a binomial distribution, an assumption of convenience but not 
necessarily a realistic assessment of the sampling conditions. Previous experience with many 
sockeye salmon-producing lakes has shown that the number of sockeye fry in a trawl sample can 
be much more variable than the usual binomial sampling model predicts. Thus, in practice, the 
confidence intervals based on binomial sampling assumptions can be biased and far too short.  
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A Bayesian procedure was developed to measure uncertainty in the estimated proportion of 
sockeye fry. Let T denote the actual value of the total targets in the lake, and let T̂ denote the 
estimate of T, derived from the echo integration analysis of the sonar record. Conditioned on 
total number of fish caught in the ith trawl sample, the number of sockeye fry in each trawl  was 
assumed to follow a binomial sampling distribution. For the ith trawl pass, trawl sample size was 
denoted as ni and the number of sockeye fry in this sample was denoted as yi. Parameter pi 
denoted the unknown underlying proportion of sockeye fry in the ith trawl sample, and pi is 
assumed to be a key parameter in the sampling distribution of yi. Each trawl sample was assumed 
to have its own sampling distribution, possibly different from any other in the lake. Next,  

suppose that pi is itself drawn from a beta probability distribution with mean 
βα

α
+μ =p . 

In other words, let yi be distributed as a binominal random variable with parameters pi and ni, and 
let pi follow a beta probability distribution with parameters α and β. Again, α and β are the same 
for each transect in the lake at the occasion of trawl sampling. The hyperparameters α and β can 
be estimated through all of the trawl hauls.  

A uniform distribution between 0 and 10 was chosen for both α and β hyperparameters after 
experimenting with this distribution and truncated normal distributions. This prior distribution 
limits influence of prior distributions on posterior distributions and ensures that the data have 
adequate influence if sample size is large. For example, for sample sizes less than 10, the 
posterior distribution will be almost entirely controlled by prior distribution. However, for 
sample sizes approaching 100, the prior distribution will have little influence on mean of the 
posterior distribution for each individual pi. Note that if posterior probability were allowed to 
build up on larger and larger values of α and β, the posterior means of the pi’s would become 
more alike and the posterior variance of  would decline unrealistically. Therefore, limiting 
maximum values of both α and β to 10 seemed to provide a compromise between allowing 
posterior means of individual pi’s to be either alike or unalike, and still allow data (likelihood) to 
dominate posterior distribution. 

μp

Let S denote the number of targets assigned to sockeye fry. To compare and combine an estimate 
of S and T in the same context as the Bayesian estimate of , the posterior distribution of T was 
assumed to be approximately normally distributed. At least 5,000 random draws were then 
generated from a normal distribution with the same mean and variance as the sample mean and 
sample variance for T. Previously 5,000 observations of the posterior distribution of  were 
generated. Denoting each random draw with subscript j, a random draw from the posterior 
distribution of S was calculated as Sj = pjTj. Finally, the mean of the 5,000 simulated values of S  
was calculated and 95% credible intervals, the Bayesian counterpart to a 95% confidence 
interval, were established using the 2.5 and 97.5 percentiles of simulated posterior distributions 
of S. All analyses were performed with Winbugs software.  

μp

μp

LIMNOLOGY 
Sampling and measurements were taken in Hetta Lake on 14 June, 2 and 15 August, 9 
September, and 3 October. Physical data were collected only at Station B (Figure 2); 
zooplankton samples were collected at both stations and the results were averaged.  
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Light and Temperature Profiles 
Underwater light intensity was recorded at 0.5 m intervals from just below the surface to the 
depth where measured intensity was one percent of the surface light reading, using an electronic 
light sensor and meter (Li-Cor). The natural log (ln) of the ratio of light intensity just below the 
surface to light intensity at depth z (I0/Iz) was calculated for each depth. The vertical light 
extinction coefficient (Kd) was estimated as the slope of ln(I0/Iz) versus depth. The euphotic zone 
depth (EZD) was defined as that depth at which light (photosynthetically available radiation, 
400–700nm) was attenuated to one percent of the intensity just below the lake surface (Schindler 
1971), and was calculated using the equation, EZD = 4.6205/ Kd  (Kirk 1994).  

Temperature, in degrees centigrade (ºC), was measured with a Yellow Springs Instruments (YSI) 
Model 58 meter and probe. Measurements were made at one-meter intervals to the first 10 m or 
the lower boundary of the thermocline (defined as the depth at which the change in temperature 
decreased to less than 1ºC per meter). Below this depth, measurements were made at five-meter 
intervals to 50 m.  

Secondary Production 
Sockeye fry typically feed on zooplankton, with a strong preference for Daphnia spp. when 
available (Scheuerell et al. 2005; Eggers 1982). To assess the quality of the prey base available 
to sockeye fry rearing in Hetta Lake, zooplankton density and biomass were estimated by species 
or genus. A zooplankton sample was collected at two stations using a 0.5 m diameter, 153 um 
mesh, 1:3 conical net. Vertical zooplankton tows were pulled from a maximum depth of 50 m, at 
a constant speed of 0.5 m/ sec. The net was rinsed prior to removing the organisms, and all 
specimens were preserved in neutralized 10% formalin (Koenings et al. 1987). Each zooplankton 
tow was sub-sampled in the laboratory, and technicians identified to species or genus, counted, 
and measured organisms in the sub-samples (Koenings et al. 1987). Density (individuals per m2 
of lake surface area) was extrapolated from counts by taxon in the sub-samples, and seasonal 
mean density was estimated by taking the simple average of densities across sampling dates. The 
seasonal mean length for each taxon, weighted by density at each sampling date, was estimated 
and used to calculate a seasonal mean biomass estimate (weight per m2 surface area) based on 
known length-weight relationships (Koenings et al. 1987). Total seasonal mean zooplankton 
biomass and density were estimated by summing across all species.  

RESULTS 
SOCKEYE ESCAPEMENT ESTIMATE 
Weir Count  
A total of 17,930 sockeye salmon was counted through the Hetta weir between 7 June and 21 
September, 2006. Other fish counted during this weir operation period were 11,501 pink, 3,143 
coho, and 668 chum salmon (Appendix A). Major peaks in sockeye salmon migration followed 
an approximately weekly cycle from late July through the beginning of September, and on 1 
September 1,548 sockeye salmon were counted through the weir in the single largest peak daily 
migration. Water levels at the weir site remained low and stable through the summer season, and 
rose only moderately at the end of August (Figure 3). 
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Figure 3.–Daily counts of sockeye salmon and water depth at the weir on Hetta Lake’s outlet stream in 

2006.  

 

Mark-Recapture Estimate  
The weir crew marked 5,693 sockeye salmon with fin clips during 2006 weir operations, 
representing an overall marking rate of 32% of the sockeye salmon passed through the weir 
(Table 3). About 30% of the marks from the first stratum were recovered, but less than 2% of the 
marks from the latter two strata were recovered. In the recapture samples overall, 45% of the fish 
sampled were found to have fin clips, which, compared with the 32% rate of marking at the weir, 
indicated that marked fish were over-represented in the samples. These inconsistencies in 
recapture rates provided evidence that capture probabilities among marking and recapture strata 
were  unequal, and the two goodness-of-fit tests confirmed this (“equal proportions” χ2 = 29, 3 
df, p-value<<0.01; “complete mixing” χ2 = 1,093, 2 df, p-value<<0.01). Therefore the pooled 
Petersen estimate was not considered. A Darroch estimate was found, using the SPAS program, 
and the weir count was included in the normal 95% confidence interval of 11,600–31,600 fish. 
Therefore the weir count (17,930 fish) was accepted. 



 

Table 3.–Number of sockeye salmon marked at the weir in each marking stratum, and number of 
recoveries of marked fish, by recapture event and marking stratum, in Hetta Lake in 2006.  

Marking at weir Marks recaptured on spawning grounds 

Stratum dates Count 
through weir 

Number 
marked 

30 Aug 
(stream) 

8 Sep 
(stream) 

19 Sep 
(stream) 

3 Oct 
(beach) 

Total 
recaps 

Percent 
recaptured

6/8–7/26 2,586 1,330 104 158 108 26 396 30% 
7/27–8/23 9,474 2,590 2 7 20 20 49 2% 
8/24–9/20 5,863 1,773 0 3 4 10 17 1% 

Totals 17,923 5,693 106 168 132 56 462 20% 
Total sampled in mark-recapture 201 319 310 187 1,021  
Percent marked fish in samples 58% 53% 43% 30% 45%  

 

Visual Surveys 
Sockeye salmon spawners appeared in the inlet stream, Hetta Creek, during a well-defined 
period bracketed by the 30 August and 3 October surveys, with a maximum count in early 
September (Table 4). In contrast, large numbers of beach-spawning sockeye salmon appeared in 
the other areas of the lake, along the east, north, and south shores and around the mouth of Old 
Hatchery Creek, throughout October. Because essentially the same number of fish was counted 
on both 16 October and ten days later on 26 October, we cannot be certain that these counts in 
October represented a peak or maximum number of spawners. According to these visual counts, 
beach spawners dominated the 2006 escapement. 

 
Table 4.–Number of sockeye spawners counted in visual surveys in 2006, by date and area. We 

assumed that fish counted in Hetta Creek were inlet stream spawners, and those counted in all other areas 
around the shoreline of Hetta Lake were beach spawners. 

Date 
Hetta Creek   

(stream spawners) 
Other areas 

(beach spawners) 
Total            

(all spawners) 
30-Aug 27 0 27 
8-Sep 293 76 369 

20-Sep 220 n/a 220 
3-Oct 39 1,164 1,203 

16-Oct 0 1,304 1,304 
26-Oct 0 1,298 1,298 

 

SOCKEYE ESCAPEMENT AGE AND LENGTH COMPOSITION 
Nearly all of the sockeye salmon that returned to Hetta Lake to spawn in 2006 were fish with one 
freshwater year, in age classes 1.2 and 1.3 (Table 5). Age-1.2 fish from the 2002 brood year 
made up the largest class. In the early weeks of the season, the age-1.3 class represented the 
largest percentage of each weekly sample, but starting with the week of 30 July, age-1.2 fish 
became the largest group in each weekly sample (Table 6). The average size difference between 
the two dominant age classes was over 50 mm, with age-1.2 fish averaging 492 mm in mid eye 
to fork length and age-1.3 fish averaging 549 mm (Table 7).  
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Table 5.–Age composition of sockeye salmon captured in the Hetta Lake weir by sex, brood year, and 
age class, sampled 8 June–21 September, 2006.  

Brood year 2002 2001 2000 1999  
Age  1.2 1.3 2.2 2.3 Total aged 

Male      
Sample size 164 146 14 0 324 

Percent 27% 24% 2% 0% 54% 
Standard error 1.8% 1.7% 0.6% 0.0 2.0 

Female      
Sample size 156 115 8 1 280 

Percent 26% 19% 1% 0% 46% 
Standard error 1.8% 1.6% 0.5% 0.2% 2.0 

All Fish      
Sample size 320 261 22 1 604 

Percent  53% 43% 4% 0% 100% 
Standard error 2.0% 2.0% 0.8% 0.2%   
Weighted percentages by age class, all fish 

 57% 39% 4% 0%  
Estimated number in escapement, by age class 

 10,132 6,933 799 6  
 

Table 6.–Sockeye age composition in the Hetta Lake escapement, by week, in 2006, based on number 
of fish sampled at the weir each week. The dotted line separates early weeks when the majority of fish 
sampled were age-1.3 and late weeks when the majority were age-1.2. 

Percentage of sampled fish, by age class Week 
beginning 1.2 1.3 2.2 2.3 

Total 
sampled 

Total 
passed 

4-Jun 50% 50% 0 0 2 17 
11-Jun - - - - 0 36 
18-Jun 10% 90% 0 0 29 87 
25-Jun 41% 52% 4% 4% 27 166 
2-Jul 50% 50% 0 0 8 128 
9-Jul 21% 74% 5% 0 19 170 

16-Jul 18% 82% 0 0 17 868 
23-Jul 43% 54% 3% 0 112 1,744 
30-Jul 63% 34% 3% 0 68 2,044 
6-Aug 64% 31% 5% 0 59 2,174 

13-Aug 65% 30% 5% 0 79 3,178 
20-Aug 76% 21% 3% 0 58 2,186 
27-Aug 49% 44% 7% 0 57 3,952 
3-Sep 63% 34% 3% 0 35 739 

10-Sep 60% 37% 3% 0 35 396 
17-Sep - - - - 0 45 
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Table 7.–Mean fork length (mm) of sockeye salmon in Hetta Lake escapement by brood year, age 
class, and sex, sampled 8 June–21 September, 2006 at the Hetta Lake weir.  

Brood year 2002 2001 2001 2000 
Age  1.2 1.3 2.2 2.3 

Male     
Sample size 164 144 14 0 
mean length 498 556 496 0 

Standard error  1.6 2.1 4.2 0.0 
Female     

Sample size 156 114 8 1 
mean length 487 539 486 550 

Standard error  1.6 2.0 5.7 0.0 
All Fish     

Sample size 320 258 22 1 
mean length 492 549 493 550 

Standard error  1.2 1.5 3.4 0.0 
 

 

SUBSISTENCE HARVEST ESTIMATE 
Hydaburg residents fished primarily at Hetta Cove in 2006, with sockeye salmon far 
outnumbering other species harvested (Table 8). Interviews were conducted at the completion of 
122 fishing trips, representing a total of 564 hours of fishing time, and participants harvested a 
total of 10,533 sockeye salmon from three fishing areas. Overall, 85% of the fishing trips and 
almost 91% of the fishing effort (hours fished) targeted Hetta Cove, and the harvest of 9,797 
sockeye salmon from that location constituted 93% of the total subsistence harvest by Hydaburg 
residents. Most of the remaining effort and harvest targeted Eek Inlet, with only one participant 
reporting fishing in Hunter Bay. 

 
Table 8.–Numbers of subsistence fishing interviews (completed trip) and summed responses for hours 

fished and salmon harvest by species. Interviews were conducted in the fishing areas or in Hydaburg, 
following fishing, and represent a complete census of all subsistence salmon fishing and effort in 2006.  

Total harvest, by species 
Fishing location 

Number of 
interviews Hours fished Sockeye Coho Chum Pink 

Hetta Cove 104 512 9,797 0 2 31 

Eek Inlet and Hunter Bay 18 52 736 20 0 0 

All areas 122 564 10,533 20 2 31 
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Table 9.–Weekly fishing effort and harvest of sockeye salmon in the subsistence fishery at Hetta Cove 
in 2006. Data from two or more weeks at the beginning and end of the season were combined to protect 
confidentiality when two or fewer participants were interviewed per week.  

Weekly total sockeye harvest and rates 

Dates Gear Interviews
Hours 
fished 

Weekly 
total Per hour 

Per 
interview 

Hetta Cove      
27 Jun–8 Jul Seine 9 39 786 20 87 

9–15 Jul Seine 14 65 1,524 24 109 
16–22 Jul Gillnet and Seine 22 127 1,865 15 85 
23–29 Jul Seine 10 41 507 13 51 

30 Jul–5 Aug Seine 28 156 3,261 21 116 
6–12 Aug Seine 14 61 1,355 22 97 

13–31 Aug Seine 7 24 499 21 71 
Eek Inlet and Hunter Bay      
5–22 Jul Gillnet and Seine 10 30 369 12 37 

23–29 Jul Gillnet and Seine 3 12 51 4 17 
30 Jul–12 Aug Seine 5 10 316 32 63 

 

Subsistence fishing for sockeye salmon took place in Hetta Cove between 27 June and 31 
August, and in Eek Inlet and Hunter Bay during a shorter period, between 5 July and 12 August 
(Table 9). Maximum harvest and rates of harvest per hour and per party interviewed occurred 
during mid July and early August, separated by a period of lower harvests in late July. Except 
during that week of 23–29 July, sockeye salmon harvests per fishing party interviewed averaged 
between 71 and 116 fish at Hetta Cove. In the other locations, the average harvests were smaller. 
Gillnets were used by only a small number of fishing parties; all others used seine gear. 

SOCKEYE FRY ASSESSMENT 
Hydroacoustic and mid-water trawl sampling were conducted on 15 September 2006. From the 
hydroacoustic survey data, we estimated a population of 1,024,000 (CV=7%) small fish targets. 
Apportionment of targets by species was based on species composition in a sample of 641 fish, 
collected during ten 10–15 minute tows. Only one percent of fish in the sample were sockeye fry, 
and the remainder were threespine sticklebacks (Table 10). All sockeye fry in the sample were 
age-0. Assuming that the actual proportion of sockeye fry in the Hetta Lake small fish 
assemblage was the same as that in the sample, we estimated the sockeye fry population in Hetta 
Lake was 25,500 age-0 fry in September 2006. The Bayesian posterior mean of the total number 
of targets was 1,020,000 fish, with a 97.5% credible interval of 880,000–1,160,000 fish. The 
Bayesian posterior mean of the proportion of targets that were sockeye salmon was 0.025, with a 
97.5% credible interval of 0.015–0.038. From the product of the posterior means for T̂  and , 
we estimated 25,000 sockeye fry, with a credible interval of 15,000–25,000 fry and a posterior 
standard deviation of 6,000 fry (CV=24%). Sockeye fry density was about 4 fry per 1,000 m2 
lake surface area, with a range of 2–7 fry per 1,000 m2. 

p̂
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Table 10.–Summary of Hetta Lake trawl sampling results by tow, depth (m), time duration (min), and 
species in 2006. 

Tow Depth (m) 
Duration of 
 tow (min) 

Number of 
 sockeye age-0

Number of  
stickleback 

Percent age-0 
sockeye fry  

1 12.5 15 0 9 0% 
2 7.5 15 0 34 0% 
3 2.5 15 1 98 1% 
4 12.5 15 2 130 2% 
5 7.5 10 1 51 2% 
6 2.5 10 0 7 0% 
7 12.5 10 3 32 9% 
8 7.5 10 0 229 0% 
9 2.5 10 0 30 0% 

10 12.5 10 0 14 0% 
 Totals 7 634 1% 

 Total number of fish 641 
 

The mean snout-fork length of the age-0 sockeye fry in the sample was 39 mm, with a range of 
24–44 mm. The mean weight of age-0 fry was 0.6 g, with a range of 0.2–1.1g. The mean snout-
fork length of the threespine sticklebacks in the sample was 38 mm with a range of 20–53 mm, 
and the mean weight of sticklebacks was 0.6 g, with a range of 0.1–1.4 g. 

LIMNOLOGY 
Light and Temperature Profiles 
Light was only measured on two dates in 2006, 15 August and 9 September, and the estimated 
euphotic zone depths were 9.7 m and 13.0 m, respectively, averaging 11.4 m. Thermal 
stratification in the water column was evident by the date of the first measurement, 14 June, and 
had developed fully by the 2 August measurement date (Figure 4). The maximum measured 
lower depth of the thermocline was 11 m on 15 August, after which the stratification weakened. 

Secondary Production 
The cladoceran Bosmina sp. was the most abundant taxon in the Hetta Lake zooplankton 
assemblage in 2006, comprising over 70% (including ovigerous individuals) of total 
zooplankton by number (Table 11). Bosmina numbers fluctuated through the season, being 
highest on 3 October, but were the largest component of the zooplankton on all dates except 14 
June, when Cyclops was dominant. After 14 June, Cyclops declined, increasing only slightly 
late in the season. Total zooplankton density declined from 14 June through 9 September, but 
increased to the maximum level for the season by 3 October, being largely determined by the 
levels of Bosmina. The zooplankton biomass was likewise dominated by Bosmina, even though 
the average length of individuals was very small (Table 12). Individual Cyclops and Daphnia 
were twice as large, on average, as Bosmina. Cyclops was the second largest component of 
biomass, contributing about 24%, but Daphnia, a preferred sockeye salmon prey, contributed 
only about 1%. 
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Figure 4.–Water column temperature profiles in Hetta Lake, 2006. 
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Table 11.–Estimated mean weighted density of zooplankton, by sampling date and taxon, in Hetta 
Lake in 2006. Density is the estimated number of organisms in the water column per unit of surface area, 
based on two vertical tows at each sampling date, with results averaged between stations A and B. 

Density (number per m2), by date 

Taxon 14-Jun 2-Aug 15-Aug 9-Sep 3-Oct 
Seasonal 

mean 

Percent of 
seasonal 

mean total 
Cyclops 25,854 5,222 573 658 1,783 6,818 16.6% 

Copepod nauplii 13,160 1,062 170 213 2,887 3,498 8.5% 
Harpaticus 0 85 0 0 0 17 0.0% 
Bosmina 5,103 30,396 18,552 31,691 54,042 27,957 67.9% 

Ovigerous Bosmina 365 3,397 1,316 701 1,062 1,368 3.3% 
Daphnia longiremis 136 255 0 106 510 201 0.5% 

Chydorinae 136 0 0 0 0 27 0.1% 
Immature Cladocera 484 2,080 1,062 849 2,059 1,307 3.2% 
Totals (rounded) 45,200 42,500 21,700 34,200 62,300 41,200  

 

 

Table 12.–Seasonal mean length (weighted by density at each sampling date), biomass, and percentage 
of total biomass, of zooplankton in Hetta Lake in 2006. 

Taxon Mean length (mm) 
Seasonal mean 

biomass (mg•m-2) 
Percent of total 

biomass 
Cyclops 0.60 7.9 24.3% 
Bosmina 0.30 23.1 71.2% 

Ovig. Bosmina 0.30 1.0 3.1% 
Daphnia longiremis 0.63 0.4 1.3% 

  32.4  
 

DISCUSSION 
Sockeye salmon escapement into Hetta Lake in 2006, as measured by the weir count, was the 
highest observed in the six most recent years of assessment (Table 13). Furthermore, the 
magnitude of the 2006 escapement was similar to escapements counted during a previous period 
of weir operation, 1967–1971 (Table 1). The 2006 subsistence harvest in Hetta Cove was also 
large compared with the previous five years’ harvests (Table 13), nearly twice the size of the 
next-largest harvest during this period, in 2003 (Cartwright et al. 2005). Together, the 
escapement and subsistence harvest comprised a run of nearly 28,000 sockeye salmon returning 
to the marine terminal area at Hetta Cove, after passing through commercial fisheries which 
likely harvested some additional portion of the total run. 
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Table 13.–Subsistence sockeye harvests from Hetta Cove in 2001 through 2006, and estimated 
sockeye escapements into Hetta Lake. Escapement estimates from 2001 through 2004 are less reliable, 
based on mark-recapture studies extrapolated to the whole lake using very rough visual survey estimates. 
The 2005 and 2006 escapements were estimated with a weir and backup mark-recapture study.  

Year Sockeye salmon harvested, Hetta Cove Sockeye escapement, Hetta Lake 
2001 4,500 NA (2,400)a 

2002 950 NA (350)1 

2003 5,770 3,100 
2004 630 2,000 
2005 350 3,300 
2006 9,797 17,930 

a     Estimates of stream spawning population only in 2001 and 2002. 
 
 

Although encouraging, the increased run size in 2006 cannot be assumed to represent a recovery 
of this stock, whose status remains in question. Limited historical evidence suggests that Hetta 
Lake once supported a much larger sockeye salmon run, although seemingly not within the past 
50 years or more. Smaller escapements into the lake over a long period could have resulted in a 
change to a less productive state overall in this system. 

Sockeye fry production in Hetta Lake has apparently declined drastically, from over 800,000 fry 
in 2002 to 25,000 or fewer fry in 2005 and 2006 (Lewis and Cartwright 2004; Host et al. 2008; 
Figure 5). The small fry populations in 2005 and 2006 followed low spawning populations in 
2004 and 2005 (Conitz et al. 2007; Host et al. 2008; Table 13). However, the much larger fry 
populations in 2002 through 2004 also came from very low parent-year spawning populations in 
2001 through 2003 (McEwen et al. 2002; Lewis and Cartwright 2004; Cartwright et al. 2005; 
Conitz et al. 2007; Figure 5; Table 13). Moreover, species composition estimates indicate a 
dramatic shift between 2002 and 2006, with a complete reversal in the respective numbers of 
sockeye fry and threespine sticklebacks (Figure 5). This dramatic shift cannot simply be 
attributed to inaccurate estimates, sampling error, or changes in protocol. Setting aside the 
estimate from 2001, which is likely too high to be credible, the estimates of about 750,000 to one 
million small fish “targets” from the hydroacoustic surveys appear to have remained stable from 
2002 to 2006. Hydroacoustic survey methods were reviewed and improved in 2002, so we have 
more confidence in the accuracy of 2002–2006 estimates (D. Degan, Aquacoustics Inc., personal 
communication 2002). Trawl effort and sample sizes, on the other hand, did vary widely over the 
six-year period, but the change in species composition can nevertheless be clearly seen in the 
samples (Table 14). The basic methods, including gear, depth, and timing, remained the same 
over the six-year period, so we would expect well-known problems, such as net avoidance by 
larger and older fry, to have had a similar influence on samples in all years.  

As mentioned above, the size of brood year escapements in 2001–2005 do not explain the  
striking pattern seen in the following years’ fry populations. The apparent dramatic change 
between relative numbers of sticklebacks and sockeye fry could be a direct result of interspecific 
competition. The two fish species have overlapping diets and share a preference for cladoceran 
zooplankton such as Daphnia, but sticklebacks do not necessarily have a competitive advantage 
over sockeye fry (Hyatt et al. 2004; Beauchamp and Overman 2003; O’Neill and Hyatt 1987). 
Alternatively, we may be seeing a phenotypic response in the stickleback population, in which 
the very low recruitment of sockeye fry opened a niche opened that favored limnetic feeding 
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behavior and morphology in sticklebacks (Schluter 1993; Day and McPhail 1996; Nosil and 
Reimchen 2005). Benthic feeding sticklebacks are normally out of range of detection of both 
hydroacoustic and mid-water trawl gear, whereas limnetic feeders would be potentially 
detectable to both types of gear. Thus, a shift from a predominantly benthic feeding population to 
one with a larger proportion of limnetic feeders would appear as an overall increase in 
stickleback numbers (A. Rosenburger, University of Alaska Fairbanks School of Fisheries and 
Ocean Science, personal communication 2007). If increased sockeye salmon escapements should 
result in increased recruitment of fry, interspecific competition may again drive the dynamics 
between stickleback and sockeye salmon populations, and perhaps close the niche to limnetic 
type sticklebacks. Stickleback population size, furthermore, can fluctuate cyclically or 
sporadically (Hyatt et al. 2004; O’Neill and Hyatt 1987). 
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Figure 5.–Estimated numbers of small fish targets from hydroacoustic surveys and species 

composition estimates from mid-water trawl sampling in Hetta Lake, 2002–2006. The 2001 estimate was 
omitted because of questionable accuracy; new standards were implemented in 2002 following a review 
of methods. Standard error bars are shown for all estimates.  
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Table 14.–Summary of mid-water trawl survey results used to apportion small fish targets in the Hetta 
Lake hydroacoustic surveys in 2001–2006, showing number of tows, average tow times and average 
numbers of small fish per tow, by depth range. 

Average number of fish per tow 
Year 

Depth 
range 

Number 
of tows 

Average tow 
duration (min) All fish Sockeye fry Sticklebacks 

2001 0–5 m 0 - - - - 
 6–10 m 1 10 127 120 7 
 11–15 m 0 - - - - 

2002 0–5 m 1 15 6 1 5 
 6–10 m 4 15 38 32 7 
 11–15 m 0 - - - - 

2003 0–5 m 0 - - - - 
 6–10 m 4 15 24 11 14 
 11–15 m 0 - - - - 

2004 0–5 m 8 12 166 62 104 
 6–10 m 3 15 94 66 28 
 11–15 m 9 9 55 34 21 

2005 0–5 m 3 15 11 0 11 
 6–10 m 4 16 147 2 145 
 11–15 m 3 17 120 3 117 

2006 0–5 m 3 12 45 0 45 
 6–10 m 3 12 105 0 105 
 11–15 m 4 13 48 1 46 

 

Zooplankton levels in Hetta Lake were lower than in most other sockeye salmon lakes studied in 
Southeast Alaska during the 2001–2006 period. For example, the total zooplankton seasonal 
mean biomass in Hetta Lake in 2001–2003 was less than 50 mg·m-2, while Sitkoh Lake in 2001, 
Hoktaheen Lake in 2002, and Kutlaku Lake in 2003 had seasonal mean biomass values over 600 
mg·m-2 (Appendix D1 in Cartwright et al. 2005). The zooplankton biomass estimate for Hetta 
Lake in 2006, 32 mg·m-2, was the lowest observed in the six-year study period. In a compilation 
of lake habitat data from 36 sockeye salmon lakes across Alaska, zooplankton biomass ranged 
from about 20 to 2,000 mg·m-2, although the zooplankton biomass in the Southeast Alaska lakes 
in this study had lower zooplankton biomass values than lakes elsewhere in Alaska (Edmundson 
and Mazumder 2001). These authors suggested that zooplankton biomass of 100 mg·m-2 
represented a lower threshold for sockeye salmon growth. Zooplankton biomass in Hetta Lake 
clearly falls below this threshold and at the low end of the range of observed values. 
Furthermore, extremely small quantities  (4 mg·m-2 or less) of Daphnia, a preferred prey for 
sockeye fry, have been found in Hetta Lake while high levels of Daphnia in other Southeast 
Alaska lakes have exceeded 100 mg·m-2, during this study period (Appendix D1 in Cartwright et 
al. 2005; Conitz et al. 2007; Host et al. 2008). The quantity of Daphnia in the total zooplankton 
assemblage provides an indicator of food quality for sockeye fry and may be a better predictor of 
sockeye salmon growth and survival than total zooplankton biomass (Mazumder and Edmundson 
2002). Whether the very low levels of total zooplankton and Daphnia in Hetta Lake reflect heavy 
fish predation, possibly by both sockeye fry and sticklebacks, or some other condition such as 
nutrient limitation in the lake, is unknown. However, low zooplankton availability and quality 
clearly could limit sockeye salmon production from this lake in the future.  
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Assuming continuation of the monitoring project, the return of offspring from the very small 
brood year 2002–2005 spawning populations will be observed in the 2007 through 2011 
escapements. Returns of adult sockeye salmon from the 2006 brood year, which had a 
substantially larger parent population, will not be seen until 2010–2012. The surprisingly large 
subsistence harvest and escapement in 2006 showed that we cannot expect to predict future run 
sizes based on escapement numbers and a limited amount of additional information on 
freshwater populations. Continued careful monitoring of this important subsistence stock will be 
necessary to gain a better understanding of factors controlling it, and to help determine when 
conservation measures may be needed. 

ACKNOWLEDGEMENTS 
The leadership of Anthony Christianson and Robert Sanderson in the community of Hydaburg 
and the Hydaburg Cooperative Association (HCA) have been invaluable in moving this project 
forward and gaining the support of the subsistence community. Their respect for both science 
and the traditions of the past, and their efforts to engage the younger generations in fisheries 
conservation and management, have earned them the attention and respect of biologists and 
fisheries managers in state and federal resource agencies. We thank Lee Charles, Pete Adams, 
Joey Adams, and Jeff Peele of the Hydaburg Cooperative Association (HCA) for their hard work 
in the field to make this cooperative project successful. Retired ADF&G biologist Meg 
Cartwright was instrumental in building a cooperative relationship between ADF&G and the 
Hydaburg community and securing support for the addition of the weir to the project in 2004–
2005. We also thank the ADF&G staff members who contributed to this project, in particular, 
Sue Domenowske for her work in training crews and overseeing field activities in cooperation 
with HCA.  Andy Piston conducted the hydroacoustic and trawl sampling; Steve Thomsen at the 
Near Island Laboratory analyzed the zooplankton samples; and Iris Frank and Mark Olsen in the 
ADFG Scale and Age Lab for analyzed scale, length, and age data. We also acknowledge 
Xinxian Zhang for improvements to and reviews of statistical methods, Doug Eggers for helpful 
review comments on the final draft, and Jim Craig for preparation of the final report. 
 

REFERENCES CITED 
Arnason, A. N., C. W. Kirby, C. J. Schwarz, and J. R. Irvine. 1996. Computer analysis of data from stratified mark-

recovery experiments for estimators of salmon escapements and other populations. Fisheries and Oceans Canada. 
Canadian Technical Report of Fisheries and Aquatic Sciences No. 2106, Nanaimo, B.C., Canada. 

Beauchamp, D. A. and N. C. Overman. 2003. Influence of fertilization on juvenile sockeye salmon growth and 
production in Redoubt Lake, Alaska. Washington Cooperative Fish and Wildlife Research Unit Report No. 
WACFWRU-03-03, Seattle. 

Betts, M. F., M. Kookesh, R. F. Schroeder, T. F. Thornton, and A. M. Victor. In press. Subsistence resource use 
patterns in Southeast Alaska: summaries of 30 communities. Alaska Department of Fish and Game, Division of 
Subistence, Juneau.  

Cartwright, M. A., J. M. Conitz, R. W. Bale, K. S. Reppert, and B. A. Lewis. 2005. Hetta Lake sockeye salmon 
(Oncorhynchus nerka) stock assessment project 2003 annual report and 2001–2003 final report. Alaska 
Department of Fish and Game. Fishery Data Series No. 05-33, Anchorage. 

Clutter, R. and L. Whitesel. 1956. Collection and interpretation of sockeye salmon scales. Bulletin of the 
International Pacific Salmon Fisheries Commission 9, New Westminister, B.C., Canada.  

 

 23



 

REFERENCES CITED (Continued) 
Conitz, J. M., J. P. Stahl, R. W. Bale, and M. A. Cartwright. 2007. Hetta and Eek lakes subsistence sockeye salmon 

project: 2004 annual report. U.S. Fish and Wildlife Service, Office of Subsistence Management, Fisheries 
Resource Monitoring Program, Annual Report (Study 04-606). Also published as an Alaska Department of Fish 
and Game, Fishery Data Series No. 07-19, Anchorage. 

Day, T. and J. D. McPhail. 1996. The effect of behavioural and morphological plasticity on foraging efficiency in 
the threespine stickleback (Gasterosteus sp.). Oecologia 108:380–388. 

Edmundson, J.A. and A. Mazumder. 2001. Linking growth of juvenile sockeye salmon to habitat temperature in 
Alaskan lakes. Transactions of the American Fisheries Society 130: 644–662. 

Eggers, D. M. 1982. Planktivore preference by prey size. Ecology 63(2): 381–390. 

Host, S. A., J. M. Conitz, and M. A. Cartwright. 2008. Hetta Lake subsistence sockeye salmon project: 2005 annual 
report. Alaska Department of Fish and Game, Fishery Data Series No. 08-09, Anchorage. 

Hyatt, K. D., D. J. McQueen, K. S. Shortreed, and D. P. Rankin. 2004. Sockeye salmon (Oncorhynchus nerka) 
nursery lake fertilization: review and summary of results. Environmental Review 12:133–162, 

INPFC (International North Pacific Fisheries Commission). 1963. Annual Report 1961. Vancouver, British 
Columbia, Canada. 

Kirk, J. T. O. 1994. Light and photosynthesis in aquatic ecosystems. Cambridge University Press, England. 

Koo, T. S. Y. 1962. Age designation in Salmon. Pages 37–48 [in] Studies of Alaska red salmon. University of 
Washington Publications in Fisheries, New Series Volume 1, Seattle, W.A. 

Koenings, J. P., J. A. Edmundson, J. M. Edmundson, and G. B. Kyle.  1987.  Limnology field and laboratory 
manual: methods for assessing aquatic production.  Alaska Department of Fish and Game, Fisheries 
Rehabilitation, Enhancement, and Development Division Report 71 (available from: Alaska Department of Fish 
and Game, Division of Commercial Fisheries, Juneau). 

Langdon, S. J. 1977. Technology, ecology, and economy: fishing systems in Southeast Alaska. Doctoral 
dissertation, Stanford University. 

Lewis, B. A. and M. A. Cartwright. 2004. Hetta Lake sockeye salmon (Oncorhynchus nerka) stock assessment 
project 2002 annual report. Alaska Department of Fish and Game Division of Commercial Fisheries, Regional 
Information Report 1J04-10, Juneau. 

MacLennan, D. N., and E. J. Simmonds. 1992. Fisheries Acoustics. Van Nostrand-Reinhold, New York, N.Y. 

Mazumder, A. and J. A. Edmundson. 2002. Impact of fertilization and stocking on trophic interactions and growth 
of juvenile sockeye salmon (Oncorhynchus nerka). Canadian Journal of Fisheries and Aquatic Sciences 59: 
1361–1373. 

McEwen, M., B. A. Lewis, and M. A. Cartwright. 2002. Hetta Lake sockeye salmon stock assessment project 2001 
annual report. Alaska Department of Fish and Game, Division of Commercial Fisheries Regional Information 
Report No. 1J02-26. 

Moser, J. F. 1899. The salmon and salmon fisheries of Alaska. Bulletin of the United States Fish Commission. U.S. 
Government Printing Office, Washington, D.C. 

Mosher, K. H. 1968. Photographic atlas of sockeye salmon scales. Fishery Bulletin 67(2): 243–281. 

Nosil, P. and T. E. Reimchen. 2005. Ecological opportunity and levels of morphological variance within freshwater 
stickleback populations. Biological Journal of the Linnean Society 86:297–308. 

O’Neill, S.M. and K.D. Hyatt. 1987. An experimental study of competition for food between sockeye salmon 
(Oncorhynchus nerka) and threespine sticklebacks (Gasterosteus aculeatus) in a British Columbia coastal lake. 
Pages 143–160 in H.D. Smith, L. Margolis, and C.C. Wood, editors. Sockeye salmon (Oncorhynchus nerka) 
population biology and future management. Canadian Special Publication of Fisheries and Aquatic Sciences 96. 

 

 24



 

REFERENCES CITED (Continued) 
Pollock, K. H, J. D. Nichols, C. Brownie, and J. E. James. 1990. Statistical inference for capture-recapture 

experiments. Wildlife Society Monographs 107. 

Rich, W. H. and E. M. Ball. 1933. Statistical review of the Alaska salmon fisheries. Part IV: Southeastern Alaska. 
Bulletin of the Bureau of Fisheries, Vol. XLVII (47), No. 13: 437–673. 

Roppel, P. 1982. Alaska’s salmon hatcheries, 1891–1959. National Marine Fisheries Service, Portland, OR. 299 pp. 

Scheuerell, J. M., D. E. Schindler, M. D. Scheuerell, K. L. Fresh, T. H. Sibley, A. H. Litt, and J. H. Shepherd. 2005. 
Temporal dynamics in foraging behavior of a pelagic predator. Canadian Journal of Fisheries and Aquatic 
Sciences 62:2494–2501. 

Schindler, D. W. 1971. Light, temperature, and oxygen regimes of selected lakes in the experimental lakes area, 
northwestern Ontario. Journal of the Fisheries Research Board of Canada 28: 157–169. 

Schluter, D. 1993. Adaptive radiation in sticklebacks: size, shape, and habitat use efficiency. Ecology 74(3):699–
709. 

Seber, G. A. F. 1982. The estimation of animal abundance, 2nd edition. Griffin, London.  

Thompson, S. K. 1992. Sampling. Wiley-Interscience, New York. 

 25



 

 26



 

 

APPENDICES 

 27



 

Appendix A.–Daily and cumulative counts of sockeye salmon, daily counts of other salmon species, 
and water depth and temperature at the Hetta Creek weir in 2006.  

Sockeye salmon Daily counts, other salmon 

Date Daily Cumulative Coho Chum Pink 
Water depth (m) Water 

temperature (oC)

8-Jun 9 9 0 0 0 0.43 15 
9-Jun 5 14 0 0 0 0.42 16 

10-Jun 3 17 0 0 0 0.41 12 
11-Jun 5 22 0 0 0 0.41 14 
12-Jun 0 22 0 0 0 0.39 16 
13-Jun 0 22 0 0 0 0.39 16 
14-Jun 7 29 0 0 0 0.38 16 
15-Jun 8 37 0 0 0 0.38 18 
16-Jun 8 45 0 0 0 0.40 14 
17-Jun 8 53 0 0 0 0.44 16 
18-Jun 3 56 0 0 0 0.45 16 
19-Jun 11 67 0 0 0 0.45 16 
20-Jun 15 82 0 0 0 0.44 16 
21-Jun 10 92 0 0 0 0.45 13 
22-Jun 0 92 0 0 0 0.44 16 
23-Jun 38 130 0 0 0 0.42 16 
24-Jun 10 140 0 0 0 0.42 16 
25-Jun 19 159 0 0 0 0.42 16 
26-Jun 32 191 0 0 0 0.41 18 
27-Jun 14 205 0 0 0 0.41 16 
28-Jun 7 212 0 0 0 0.39 16 
29-Jun 28 240 0 0 0 0.39 15 
30-Jun 18 258 0 0 0 0.42 15 
1-Jul 48 306 0 0 0 0.40 15 
2-Jul 34 340 0 0 0 0.36 15 
3-Jul 14 354 0 0 0 0.35 15 
4-Jul 9 363 0 0 0 0.35 15 
5-Jul 43 406 0 0 0 0.35 15 
6-Jul 16 422 0 0 0 0.33 16 
7-Jul 6 428 0 0 0 0.30 15 
8-Jul 6 434 0 0 0 0.31 16 
9-Jul 8 442 0 0 0 0.34 16 

10-Jul 34 476 0 0 0 0.31 16 
11-Jul 2 478 0 0 0 0.30 18 
12-Jul 52 530 0 0 0 0.30 18 
13-Jul 6 536 0 0 0 0.30 15 
14-Jul 11 547 0 0 0 0.32 14 
15-Jul 57 604 0 0 0 0.35 15 
16-Jul 281 885 0 0 0 0.35 14 
17-Jul 157 1,042 0 0 0 0.35 16 
18-Jul 282 1,324 0 0 0 0.31 13 
19-Jul 104 1,428 0 0 0 0.32 17 
20-Jul 22 1,450 0 0 0 0.32 16 

(Continued) 
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Appendix B–continued (page 2 of 3) 

Sockeye salmon Daily counts, other salmon 
Date Daily Cumulative Coho Chum Pink 

Water depth 
(m) 

Water 
temperature (oC) 

21-Jul 5 1,455 0 0 0 0.33 17 
22-Jul 17 1,472 0 0 0 0.31 16 
23-Jul 12 1,484 0 0 0 0.31 18 
24-Jul 3 1,487 0 0 0 0.31 16 
25-Jul 95 1,582 0 0 0 0.39 17 
26-Jul 1,004 2,586 0 0 0 0.41 16 
27-Jul 259 2,845 0 0 1 0.42 14 
28-Jul 191 3,036 0 0 0 0.42 17 
29-Jul 180 3,216 0 0 0 0.41 16 
30-Jul 328 3,544 0 0 0 0.40 16 
31-Jul 140 3,684 0 0 0 0.31 16 
1-Aug 183 3,867 0 0 0 0.32 16 
2-Aug 813 4,680 0 0 1 0.43 16 
3-Aug 226 4,906 0 0 0 0.42 16 
4-Aug 201 5,107 2 0 0 0.42 15 
5-Aug 153 5,260 0 0 0 0.41 17 
6-Aug 297 5,557 0 0 3 0.41 17 
7-Aug 51 5,608 0 0 0 0.40 16 
8-Aug 341 5,949 0 0 0 0.42 17 
9-Aug 728 6,677 0 2 28 0.42 16 
10-Aug 194 6,871 1 0 2 0.45 17 
11-Aug 184 7,055 0 0 2 0.45 17 
12-Aug 379 7,434 0 0 4 0.44 16 
13-Aug 415 7,849 0 0 2 0.43 17 
14-Aug 110 7,959 0 0 1 0.42 17 
15-Aug 529 8,488 0 0 0 0.41 17 
16-Aug 781 9,269 0 0 0 0.40 17 
17-Aug 488 9,757 5 0 1 0.39 16 
18-Aug 519 10,276 0 0 5 0.38 16 
19-Aug 336 10,612 13 0 7 0.38 17 
20-Aug 271 10,883 0 0 13 0.36 17 
21-Aug 582 11,465 1 0 11 0.36 17 
22-Aug 304 11,769 8 0 18 0.35 17 
23-Aug 291 12,060 3 0 25 0.33 16 
24-Aug 253 12,313 1 0 41 0.33 17 
25-Aug 285 12,598 3 1 104 0.33 16 
26-Aug 200 12,798 4 0 91 0.30 16 
27-Aug 95 12,893 4 1 85 0.36 17 
28-Aug 763 13,656 5 4 325 0.55 17 
29-Aug 573 14,229 51 3 395 0.41 16 
30-Aug 282 14,511 28 2 194 0.41 16 
31-Aug 540 15,051 17 7 253 0.42 16 

(Continued) 
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Appendix C–continued (page 3 of 3) 

Sockeye salmon Daily counts, other salmon 
Date Daily Cumulative Coho Chum Pink 

Water depth 
(m) 

Water 
temperature (oC)

1-Sep 1,548 16,599 50 42 1,859 0.58 16 
2-Sep 151 16,750 58 23 758 0.64 15 
3-Sep 163 16,913 61 48 736 0.62 15 
4-Sep 46 16,959 79 21 352 0.59 16 
5-Sep 82 17,041 70 18 639 0.53 16 
6-Sep 173 17,214 83 27 776 0.52 15 
7-Sep 86 17,300 211 10 301 0.54 15 
8-Sep 148 17,448 78 40 714 0.55 15 
9-Sep 41 17,489 248 18 445 0.53 15 

10-Sep 167 17,656 178 124 1,495 0.62 15 
11-Sep 82 17,738 340 72 614 0.62 15 
12-Sep 90 17,828 352 70 526 0.64 15 
13-Sep 33 17,861 291 37 210 0.61 15 
14-Sep 4 17,865 235 3 21 0.33 15 
15-Sep 7 17,872 4 24 107 0.33 15 
16-Sep 13 17,885 139 27 105 0.33 15 
17-Sep 16 17,901 212 15 62 0.32 15 
18-Sep 12 17,913 107 9 69 0.32 15 
19-Sep 9 17,922 92 7 45 0.50 14 
20-Sep 8 17,930 45 13 55 0.53 14 
Totals 17,930   3,079 668 11,501     
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