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Manuscripts, Fishery Data Series Reports, Fishery Management Reports, and Special Publications. All others,
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footnotes of tables, and in figure or figure captions.

Weights and measures (metric)

General
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centimeter cm Alaska Administrative fork length FL
deciliter dL Code AAC mideye-to-fork MEF
gram g all commonly accepted mideye-to-tail-fork METF
hectare ha abbreviations e.g., Mr., Mrs., standard length SL
kilogram kg AM, PM, €fc. total length TL
kilometer km all commonly accepted
liter L professional titles e.g., Dr., Ph.D., Mathematics, statistics
meter m R.N., etc. all standard mathematical
milliliter mL at @ signs, symbols and
millimeter mm compass directions: abbreviations
east E alternate hypothesis Ha

Weights and measures (English) north N base of natural logarithm e
cubic feet per second ft¥fs south S catch per unit effort CPUE
foot ft west W coefficient of variation cv
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inch in corporate suffixes: confidence interval Cl
mile mi Company Co. correlation coefficient
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Time and temperature exempli gratia expected value E
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months (tables and logarithm (specify base) log,, etc.
Physics and chemistry figures): first three minute (angular) '
all atomic symbols letters Jan,...,.Dec not significant NS
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horsepower hp America (noun) USA hypothesis when true) o
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ABSTRACT

We estimated total sockeye salmon (Oncorhychus nerka) escapement in Hetta Lake in 2005 with a weir and mark-
recapture methods, and we gathered a census of subsistence harvest of sockeye salmon from Hetta Cove and other
areas near Hydaburg with a completed trip survey of all participants. We also estimated species composition and
population sizes of small fish and zooplankton populations in Hetta Lake. We counted 1,930 adult sockeye salmon
through the weir but the mark-recapture estimate was 3,300 sockeye salmon. This estimate was similar in magnitude
to our escapement estimates for 2001-2004. We ascribe the lower weir count in 2005 to counting error. Subsistence
harvest was very low in 2005, compared with the previous four years, with a census of only 350 sockeye salmon in
Hetta Cove, 460 sockeye salmon in Eek Inlet, and eight sockeye salmon in Hunter Bay. The fry survey showed a
remarkable reversal in relative abundances of small fish in Hetta Lake: of 1,076,000 targets recorded during the
hydroacoustic survey, we estimated that only 24,000 were sockeye fry and a much larger number, 1,052,500, were
threespine sticklebacks (Gasterostreus aculeatus). In contrast, we estimated populations of 2,870,000 sockeye fry
and only 170,000 sticklebacks in 2001. Zooplankton biomass per unit surface area was higher compared to 2004 and
the larger Daphnia, preferred by sockeye fry and sticklebacks, was 3.8% of total seasonal mean biomass. Food may
limit sockeye fry densities in Hetta Lake, possibly due to interspecific competition from sticklebacks. The sharp
decline of sockeye fry numbers between 2001 and 2005 suggests future sockeye escapements in 2008-2010 may be
reduced below current levels. In these years, the Village of Hydaburg may need to harvest more of their subsistence
fish in areas other than Hetta Cove, to reduce the risk of overharvesting Hetta Lake sockeye salmon.

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

INTRODUCTION

Hydaburg, located on Prince of Wales Island, was settled in 1911 by residents of several old
Haida villages that harvested sockeye salmon (Oncorhychus nerka) from nearby streams and
bays such as Hetta and Eek Inlets. Currently, as in the past, Hydaburg residents depend upon
these resources to fulfill household food needs. One hundred percent of Hydaburg residents use
subsistence fishery resources and 80-90% of those households use sockeye salmon (Betts et al.
1997; Paige 2002).

Sockeye salmon production in Hetta Inlet declined in the early 1900s due to intense commercial
fishing and failed hatchery enhancements (Roppel 1982). Canneries reported harvesting high
numbers of sockeye salmon in Hetta Inlet (Moser 1899) and Eek Inlet (Rich and Ball 1933). By
1918, estimated numbers of spawning sockeye salmon returning to Hetta Lake were very low
(Roppel 1982; Rich and Ball 1933).

No direct assessments of sockeye salmon escapements in Hetta Lake were made until 1967.
Between 1967 and 1971, a weir was placed in the Hetta Lake outlet and the average annual
escapement count was 19,000 sockeye salmon. After an eleven year gap, ADF&G personnel
operated a weir again in 1982, and found a three fold decrease in escapement. Since 1982, no
further estimates of sockeye escapement into Hetta Lake were made until 2001.

In 2001-2004, we estimated a stream spawning population of 300 to 2,400 sockeye salmon, and
observed the presence of many lake spawners dispersed widely around the lake over a protracted
period late in the season. In 2003 and 2004, we obtained mark-recapture estimates for a small
representative group of lake spawners, and inferred total lake spawning populations of 2,300 and
1,400 fish, respectively. Combining estimates from the inlet stream and lake spawning groups,
we inferred a very rough total spawning population estimate of 3,100 and 2,000 fish in 2003 and
2004. However, we suspected these numbers may have underestimated the true size of the
spawning population due to our inability to sample a larger portion of the lake spawners,



particularly in the very late fall. From anecdotal information and our observations, we knew that
sockeye spawners could be present in Hetta Lake well past the end of October, when our
fieldwork ended (Conitz et al. 2007).

Examination of the freshwater rearing environment for sockeye fry in Hetta Lake has shown
large fish populations with increasing numbers of threespine sticklebacks (Gasterostreus
aculeatus) and low zooplankton populations, relative to other sockeye producing lakes in
Southeast Alaska (McEwen et al. 2002; Conitz and Cartwright 2003; Conitz et al. 2007).
Sockeye salmon fry and sticklebacks have overlapping zooplankton diets, and large populations
of one or both species can exceed the productive capacity of zooplankton populations in a lake.
An imbalance between fish and zooplankton populations in Hetta Lake in the past could have
lowered freshwater growth and survival of sockeye fry. However, because we have not estimated
the size of sockeye smolt populations leaving Hetta Lake, we have no way of sorting out effects
of freshwater limitations from those due to marine survival or harvest of returning adults.

Sockeye salmon returning to Hetta Lake can be harvested in commercial fisheries around
southern Prince of Wales Island and in directed subsistence fisheries in Hetta Cove, the marine
terminal area for the Hetta Lake sockeye run. The purse seine fishery around southern Prince of
Wales is the largest harvester of sockeye salmon overall, particularly in the Noyes Island area
(District 104). In these highly mixed-stock fisheries, stock-specific harvest estimates are made
for sockeye salmon from the Nass and Skeena Rivers in British Columbia and some combined
Southeast Alaska stocks to fulfill requirements of the Pacific Salmon Treaty (Geiger et al. 2005).
However, contributions of nearby Prince of Wales Island sockeye stocks have not been
separately estimated, so we have no way of knowing how many Hetta Lake sockeye salmon are
being harvested in nearby seine fisheries each year. In contrast, the subsistence harvest near the
outlet of Hetta Lake can easily be monitored and we have done so since 2001. The fishery is
open between 1 June and 31 July, for 24 hours a day, seven days per week. We have used an on-
site census as it has been shown that reported permit harvest numbers are underestimated
(Cartwright et al. 2005). Subsistence harvests exceeded the estimated total sockeye escapement
in 2001-2003, but were substantially smaller in 2004 (Conitz et al. 2007). Subsistence harvests
were smaller in 2002 and 2004 when the total sockeye run was apparently smaller, and we
observed increased sockeye harvests from other areas such as Eek Inlet, Hunter Bay, and Kasook
Inlet in those years (Conitz et al. 2007). Thus, both the size of the sockeye harvest at Hetta Cove,
and the degree to which Hydaburg residents shift their subsistence fishing effort to other areas,
provide an indicator of the size of Hetta Lake sockeye runs. Unfortunately, however, the total
sockeye return of Hetta Lake sockeye salmon cannot be known without an estimate of their
proportion commercial harvest.

As in previous years, the primary objective for the study in 2005 was to obtain a reliable and
complete estimate of sockeye escapement into Hetta Lake. We suspected our limited mark-
recapture studies on the spawning grounds in 2001-2004 did not provide complete or reliable
estimates of the lake spawning populations in particular. Therefore, we added a weir on the
outlet stream of Hetta Lake in 2005 for our primary method to count or estimate escapement. A
mark-recapture study was conducted to verify the weir count and provide an escapement
estimate in the event of an incomplete weir count. We continued the subsistence harvest survey
and were able to definitively compare sockeye harvest and escapement sizes in 2005.

In addition, we continued to estimate zooplankton and sockeye fry populations in the lake.
Zooplankton was sampled approximately every six weeks from May through October to estimate



species composition, density, and biomass, which indicate the quantity and quality of food
resources available to sockeye fry. Hydroacoustic and trawl sampling were used to estimate the
number of sockeye salmon fry in Hetta Lake, with particular attention given to the apparent
decline in sockeye fry numbers relative to threespine sticklebacks.

OBJECTIVES

1. Count the number of sockeye salmon and other salmonid species entering Hetta Lake
through a weir, and mark a pre-determined proportion of the sockeye salmon passed through
the weir.

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

3. Estimate the age composition of the sockeye 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. Estimate the subsistence harvest of sockeye salmon by Hydaburg residents using completed
trip interviews on the fishing grounds or at the harbor in Hydaburg.

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

6. Measure water column light and temperature and estimate zooplankton population species
composition, density, and biomass in Hetta Lake using established ADF&G limnological
sampling procedures.

METHODS
STUDY SITE

Hetta Lake (ADF&G stream no. 103-25-047; 55°10.17°’N 132°34.03’W) is located on the
southwestern side of Prince of Wales Island (Figure 1). This dimictic oligotrophic lake has
stained water, 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 m® and the
residence time is about 12.6 months. The Hetta Lake watershed is composed of 24 km? of steep
spruce, cedar, and hemlock forest, much of which was logged in the 1950s. The main sockeye
spawning areas in Hetta Lake are Hetta Creek and the beach in front of Old Hatchery Creek. We
also observed several small pockets of sockeye spawners in other beach areas around the lake.
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), three-spine stickleback, and cottids (Cottus sp.).
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Figure 1.-The geographic location of Hetta Lake, subsistence fishing areas of Hetta
Cove, Eek Inlet, Hunter Bay, and Kasook Inlet, and adjacent commercial fishing districts
are shown in relationship to Hydaburg on southeast Prince of Wales Island.
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SOCKEYE ESCAPEMENT ESTIMATE

Weir Count

We counted salmon daily, by species, through an aluminum bipod and picket weir on the outlet
stream of Hetta Lake (55°10.17 °N, 132°34.03W). The weir was 17 m wide with pickets spaced
4.45 mm apart on center. We funneled fish through an opening in the weir intoa 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 2 June to 21 September. 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, and length; another portion of
the sockeye salmon was marked with fin clips for the mark-recapture study.

Weir Mark-Recapture Estimate

To test the integrity of the weir and provide an independent estimate of sockeye escapement into
Hetta Lake, we estimated escapement using a closed, stratified, two-sample mark-recapture
model (Arnason et al. 1996). The first sample, or marking phase of the study, was conducted at
the weir. The crew marked 36% of the fish passed through the weir, using an adipose clip as the
primary mark. Secondary marks were also applied to stratify the marked fish into distinct time
periods within the season. The type of fin clip and the dates the clips were applied in 2005 were:
left axillary process clip from 3 June to 30 June; left pelvic fin clip from 1 July to 3 August; and



right pelvic fin clip from 4 August to 21 September. Marked fish were quickly released above
the weir to minimize handling time and stress. Any fish loss due to stress or handling was
accounted for if the carcass could be recovered.

The second sample, or the recovery phase of the mark-recapture study, began near the end of
weir operation and continued into October while sockeye salmon were observed on the spawning
grounds. Sampling was conducted at Hetta Creek and surrounding beaches (Figure 2) during four
sampling events in 2005: 8-9 September, 15-16 September, and 26-27 September, and 7-8
October. For the first three recapture events, the crew seined in the lake and the mouth of the
creek on the first day and used a dipnet in the spawning stream on the second day. On the last
event, the crew used only the seine. The crew sampled as many fish as possible on each sample
day or until the number of unmarked fish caught was less than the number marked. 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 recorded visual counts of spawning sockeye salmon in Hetta Creek, the east
shore of the lake, and the beaches around Old Hatchery Creek from 25 August to 7 October
(Figure 2). The counts were completed before mark-recapture sampling on each trip. Crew
members counted sockeye beach spawners by boat and Hetta Creek spawners by foot from the
creek mouth to the barrier falls, about 1 km upstream.

Data Analysis

The two-sample Petersen method is a simple model for estimating total escapement based on the
total number of fish marked as they move into the stream or lake system (first sample), the total
number of fish subsequently sampled for marks (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-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 probability
of capture 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. Generally, if
one or more of these assumptions is met, the marking and recovery strata can 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).

We used the Stratified Population Analysis System (SPAS) software as an aid in analyzing and
interpreting our mark-recapture results (Arnason et al. 1996; for details, refer to
http://www.cs.umanitoba.ca/~popan/). SPAS calculates Darroch and “pooled Petersen”
estimates, and provides two goodness-of-fit tests to compare observed and expected capture
probabilities in the marking (first) and mark-recovery (second) samples (Arnason et al. 1996).
This program also provides associated standard errors of the estimates. The test of the
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assumption of complete mixing is incorporated into the test for equal probability of capture in
the second sample. We considered a test statistic with p-value < 0.05 as “significant.”

We looked at sample sizes and capture probabilities in each marking and mark-recovery stratum,
and considered any natural events such as flooding or failures of our technicians to follow the
sampling design. We then checked the Darroch estimate for possible problems, such as a failure
of the SPAS program to converge to a solution, or estimates much larger or smaller than the
pooled Petersen estimate. Followed the guidelines and suggestions in Arnason et al. (1996) we
searched for a pooling scheme that led to the fewest number of strata with non-significant test
statistics and an absence of other diagnostic problems.

SOCKEYE ESCAPEMENT AGE AND LENGTH COMPOSITION

We sampled 600 sockeye salmon for scales, length, and sex at the Hetta Lake weir and the
spawning grounds to describe the age and size structure of the population, by sex. Age and
length data were paired from each sample. Three scales were taken from the preferred area of
each fish (INPFC 1963) and prepared for analysis (Clutter and Whitesel 1956). Scale samples
were analyzed at the ADF&G Age Laboratory in Douglas Alaska. Age classes were designated
by the European aging system where freshwater and saltwater years are separated by a period.
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). We measured
the length of each fish from mid eye to tail fork to the nearest millimeter (mm). The proportion
of 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 CENSUS

Subsistence fishers from Hydaburg were interviewed on the fishing grounds or in the harbor to
determine fishing area, date, time, duration, gear, and total harvest by species, for each boat or
group of participants. All participants were interviewed after they completed fishing for the day.
We compiled data by area fished for Hetta Cove, Eek Inlet, Hunter Bay, and Kasook Inlet. We
also included gear type, usually gill net or seine. This survey was considered a census, because
the crew 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.

SOCKEYE FRY ASSESSMENT

We used hydroacoustic and mid-water trawl sampling methods to estimate abundance and age-
size distributions of sockeye fry and other small pelagic fish in Hetta Lake in 2005. To control
year-to-year variation in our estimates, we conducted the acoustic survey in 2005 using 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, we surveyed each selected transect 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™ 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) and we used version 4.0.2 of the Biosonics



Visual Acquisition© software to collect and record the data. The ping rate was set at 5 pings -
sec! 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—
20 minutes, depending on target density and lake depth. 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 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

We used Biosonics Visual Analyzer © version 4.0.2 software to analyze the sonar record. Echo
integration was used to generate an estimate of target density (targets - m?) for each sample
transects (MacLennan and Simmonds 1992). We divided the lake into seven sampling sections,
with two transects per section. Mean target density for each section was estimated from the two
random transects. We calculated a sample variance for each section estimate 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 we sampled each section independently from other sections, the estimated sampling
variance for the whole-lake target population estimate was simply 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-net 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. We know from
previous experience with many sockeye-producing lakes 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.

We developed the following Bayesian procedure 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

T denote the estimate of T, derived from the echo integration analysis of the sonar record.
Conditioned on total number of fish caught in the i trawl sample, we let number of sockeye fry
in each trawl follow a binomial sampling distribution. For the i trawl pass, we denote trawl
sample size as n; and we denote number of sockeye fry in this sample as yi. We let parameter p;
denote the unknown underlying proportion of sockeye fry in the i trawl sample, and we assume
pi is a key parameter in the sampling distribution of y;. We assume each trawl sample has its own
sampling distribution, possibly different from any other in the lake. Next, we suppose that p; is
itself drawn from a beta probability distribution with mean p, = p f/} .
In other words, let y; be distributed as a binominal random variable with parameters p; and n;, and
let p; follow a beta probability distribution with parameters o and £. Again, « and £ are the same
for each transect in the lake at the occasion of trawl sampling. The hyperparameters o and f can
be estimated through all of the trawl hauls.

We chose a uniform distribution between 0 and 10 for both « and g 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 p;. We note that if posterior probability is allowed to
build up on larger and larger values of o and f, the posterior means of the p;’s will become more
alike and the posterior variance of p, will decline unrealistically. Therefore, limiting maximum

values of both « and f 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.

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 p,, we assumed the posterior

distribution of T would be approximately normally distributed. We then generated at least 5,000
random draws from a normal distribution with the same mean and variance as the sample mean
and sample variance for T. We previously generated 5,000 observations of posterior distribution



of p,. Denoting each random draw with subscript j, we calculated a random draw from posterior

distribution of Sas S; = p;T;. From there we noted the mean of the 5,000 simulated values of S
and we generated 95% credible intervals, the Bayesian counterpart to a 95% confidence interval,
using 2.5 and 97.5 percentiles of simulated posterior distributions of S. All analyses were
performed with Winbugs software.

LIMNOLOGY SAMPLING

We conducted limnology sampling at two stations (A and B) on Hetta Lake on 11 May, 7 July, 4
August, and 8 October. We measured light intensity and temperature profiles only at Station B;
zooplankton samples were collected at both stations.

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 (Protomatic). The natural log (In) of the ratio of light intensity just below
the surface to light intensity at depth z (lo/l;) was calculated for each depth. The vertical light
extinction coefficient (Ky) was estimated as the slope of In(lo/l;) 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/ Ky (Kirk 1994).

Temperature, in degrees centigrade (°C) 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 1°C per meter). Below this depth, measurements were made at five-meter
intervals.

Secondary Production

Because the usual diet of sockeye fry consists of zooplankton and Daphnia spp. are the preferred
species, we estimated zooplankton density and biomass, by species, to estimate the amount of
food available, compared to numbers of sockeye fry rearing in Hetta Lake. 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 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 m? 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 m? 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.
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RESULTS
SOCKEYE ESCAPEMENT ESTIMATE
Weir count

A total of 1,930 sockeye salmon were counted through the Hetta weir between 3 June and 21
September, 2005. In addition, about 36,609 pink, 2,100 coho, and 461 chum salmon were
counted through the weir during the same period. Peak sockeye counts on 5 July, and 3, 21, and
28 August coincided with rising water levels of the outlet stream to Hetta Lake (water depth
measurements are unreliable after 20 August; Figure 3; Appendix A).
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Figure 3.—Daily weir counts and water depth of Hetta Lake’s outlet stream in 2005.

Weir Mark-Recapture Estimate

In the first marking stratum, 3 June to 3 August, and a left axillary process clip or pelvic fin clip
(LA or LP) was given to 332 sockeye salmon at the weir. A right pelvic fin clip (RP) was
applied to 360 sockeye salmon from 4 August to 21 September, the second marking stratum
(Table 1).

The recovery phase of the mark-recapture study occurred on 8-9 September, 15-16 September,
and 26-27 September at Hetta Creek and 7-8 October at Hetta Lake beaches. Although the crew
marked 29-47% of the sockeye salmon counted through the weir, only 30% from the first
stratum and 11% from the second stratum recaptured on the spawning grounds had marks given
at the weir. The total percentage of fish marked at the weir (both strata combined) that were
recovered on the spawning grounds was 20% (Table 1).
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Table 1.-Numbers of sockeye salmon marked at the weir and number and percentage recaptured on the
spawning grounds for each marking stratum; number of fish sampled and number and percentage of
marked fish in four recapture events, in Hetta Lake, 2005.

Percent Percent of
Marking marked at 8-9 15-16 26-27 7-8 All recapture marked fish
dates weir Sep Sep Sep Oct events recovered

6/3-8/3 47% 32 39 25 4 100 30%

8/4-9/21 29% 10 9 12 8 39 11%
Total 36% 42 48 37 12 139 20%
Total sampled in mark-recapture 187 275 139 60 661

Percent marked 22% 17% 27% 20% 21%

The pooled Petersen estimate was 3,300 (CV=8%) sockeye salmon, and the 95 % confidence
interval for the true population was 2,800-3,900 sockeye salmon. The stratified Darroch estimate
was 3,000 sockeye salmon (SE = 440 fish). Goodness-of-fit tests, performed to determine
appropriateness of pooling strata, resulted in no violations of the assumptions of equal
proportions in the first event (p = 0.17). However, we detected a violation for the assumption of
complete mixing or equal probability of capture in the second event (i.e. fish marked in the first
stratum had a different probability of recovery than fish marked in second stratum; p < 0.005).
Because one of the goodness-of-fit tests passed (p > 0.05) and the Darroch estimate was included
in the Petersen 95% confidence interval, we accepted the pooled Petersen mark-recapture
estimate as the official estimate of sockeye escapement (Arnason et al. 1996).

Visual surveys

More fish were observed at the Hetta Creek mouth than in Hetta Creek and beach spawning areas
prior to 8 September. More fish were observed in Hetta Creek than at the mouth after 8
September. No fish were observed in the beach spawning areas of the lake until after 8
September and they were the only fish observed in the late season after 27 September (Table 2).

Table 2.-Number of sockeye spawners counted in visual
surveys in 2005, by date and area.

Date Hetta Creek  Hetta Creek Lake/beach
mouth spawners

25-Aug 18 8 0
28-Aug 1 12 0
1-Sep 5 22 0
4-Sep 136 266 0
8-Sep 157 0 1
14-Sep 396 0 0
15-Sep 201 0 61
27-Sep 111 0 32
7-Oct 6 0 114
21-Oct 0 0 26
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SOCKEYE ESCAPEMENT AGE AND LENGTH COMPOSITION

Sockeye salmon were sampled at the weir and spawning grounds for scales and length and sex
determination. The crew sampled 373 fish and of those, only 344 fish provided ageable scale
samples. The dominant sockeye age class, representing 66% of escapement in 2005, was age-1.2,
followed by age-1.3, with 24% of escapement (Table 3). Overall, the escapement was composed
of 7% jacks, 66% 4-year olds, 25% 5-year olds, and 2% 6-year olds. About 98% of the returning
sockeye escapement had one year of freshwater residence. The mean fork length was 491 mm for
age-1.2 fish and 537 mm for age-1.3 fish. As expected, sockeye salmon that spent three years in
the ocean before returning to Hetta Lake had a greater average length than those that spent only
two years in the ocean (Table 4).

Table 3.—Age composition of sockeye salmon in Hetta Lake escapement by sex, brood year, and age
class, sampled 15 June —21 September, 2005.

Brood year 2002 2001 2000 1999 2000 1999
Age 1.1 1.2 1.3 1.4 2.2 2.3 Total aged
Male
Sample size 25 142 36 2 2 2 209
Percent 7% 41% 10% 1% 1% 1% 61%
Female
Sample size 84 45 2 2 2 135
Percent 24% 13% 1% 1% 1% 39%
All Fish
Sample size 25 226 81 4 4 4 344
Percent 7% 66% 24% 1% 1% 1% 100%
Std. error 1.4% 2.6% 2.3% 0.6% 0.6% 0.6%

Table 4.—-Mean fork length (mm) of sockeye salmon in Hetta Lake escapement by brood year, sex,
and age class, sampled 15 June-21 September at the Hetta weir and on 3 October on the spawning
grounds, in 2005.

Brood year 2002 2001 2000 1999 2000 1999
Age 1.1 1.2 1.3 1.4 2.2 2.3
Male

Sample size 25 142 35 2 2 2

mean length 368 494 541 558 483 578

Standard error 3.8 2.1 6.4 27.5 2.5 7.5
Female
Sample size 0 83 45 2 2 2
mean length 0 487 534 533 523 520
Standard error 2.9 2.9 7.5 52.5 15.0
All Fish
Sample size 25 225 80 4 4 4
mean length 368 491 537 545 503 549
Standard error 3.8 1.7 3.2 13.7 24.4 18.0
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SUBSISTENCE HARVEST CENSUS

Totals of 818 sockeye, 9 coho, and 75 pink salmon were harvested by subsistence users in three
fishing areas located near Hydaburg: Hetta Cove, Eek Inlet, and Hunter Bay (Table 5). Twenty-
nine fishermen, 12 on the fishing grounds and 17 in the harbor, were interviewed from 9 July to
5 August, 2005. Subsistence fishers used seines and gillnets, but only seines were used in Hunter
Bay (Table 6). The largest subsistence harvest of sockeye salmon came from Eek Inlet, with 14
participants fishing and harvesting 460 sockeye salmon (Tables 5 and 6). In Hetta Cove, 14 boat
parties harvested 350 sockeye salmon. Only one boat party fished Hunter Bay on 20 July and
harvested 8 sockeye salmon. The overall effort in terms of time fished was 184 hours (Table 6).

Table 5.—Total number of Pacific salmon harvested by subsistence users in fishing grounds located
near Hydaburg in 2005, determined from fishing ground and harbor interviews.

Harvest Dates Interviews Interviews  Sockeye  Coho Chum Pink
area on grounds inharbor  harvest harvest harvest harvest
Hetta Cove 9 Jul-5 Aug 8 6 350 1 0 75
Eek Inlet 18 Jul-3 Aug 4 10 460 8 0 0
Hunter Bay 20 July 0 1 8 0 0 0
Totals 12 17 818 9 0 75

Table 6.-Number of sockeye salmon harvested per hour by gear type and area, 2005.

Area Gear Hours
fished Number sockeye salmon Sockeye salmon per hour

Hetta Cove seine 38 307 8
gillnet 40 43 1
Eek Inlet seine 41 386 9
gillnet 9 74 8
Hunter Bay seine 3 8 3

Total 184 818

SOCKEYE FRY ASSESSMENT

Hydroacoustic and mid-water trawl sampling were conducted on 12 October, 2005. From
hydroacoustic sampling, we estimated 1,076,000 targets (CV=7%). Apportionment of targets by
species was based on results of ten 15-20 minutes tows, with a total sample of 981 fish (Table 7).
Using a Bayesian approach, the posterior mean of the proportion of targets that were sockeye
salmon was 0.02 with a 97.5% credible interval of 0.01-0.03. From the product of the posterior

means for T and p, we estimated 24,000 sockeye fry with a credible interval of 15,000-35,000 fry
and a posterior standard deviation of 5,000 fry. Sockeye fry density was about one fry per 100 m?,
with a range of 1-2 fry per 100 m% Because sticklebacks were the only other fish species caught in
the trawl surveys, we assumed the remaining targets were sticklebacks. We estimated 98% of the
targets were sticklebacks, and estimated a total population of 1,052,000 sticklebacks in Hetta Lake.

All aged sockeye fry (n=16) were age-0. The mean snout-fork length was 41 mm, with a range of
38-52 mm, and the mean weight was 0.44 g, with a range of 0.3-0.9 g. The mean snout-fork
length of sticklebacks was 31 mm with a range of 19-52 mm, and the mean weight was 0.3 g,
with a range of 0.05-1.1 g.
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Table 7.—Summary of Hetta Lake trawl sampling results by tow, depth (m), time duration (min), and
species in 2005.

Tow Depth (m) Duration of Number of Number of Percent age-0
tow (min) sockeye age-0 stickleback sockeye fry
1 7.5 20 5 276 2%

2 12.5 20 4 214 2%

3 2.5 15 0 8 0%

4 7.5 15 0 40 0%

5 12.5 15 0 29 0%

6 2.5 15 0 7 0%

7 7.5 15 1 42 2%
8 12.5 15 5 107 4%
9 2.5 15 0 18 0%

10 7.5 15 2 223 1%
Total 17 964 2%
Total number of sockeye fry 17
Total number of fish 981

LIMNOLOGY SAMPLING

Light and Temperature Profiles

In 2005, the physical characteristics of Hetta Lake were typical of most Southeast Alaska
sockeye lakes. The euphotic zone depth fluctuated very little throughout the 2005 sampling
season (Table 8). The thermocline depth range was greatest on 4 August (Table 9).

Table 8.—Euphotic zone depths for Station B
in Hetta Lake in 2005.

Date Depth (m)
11-May 9.7
7-Jul 10.9
4-Aug 10.6
8-Sep 9.8
8-Oct 9.5
Seasonal mean 10.1
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Table 9.—The 2005 upper and lower depth and range of the
thermocline in Hetta Lake by sample date and depth (m). The
shaded temperature values represent the upper and lower
thermocline depth for each sample date.

Depth
(m) 11-May 7-Jul 4-Aug 8-Sep 8-Oct
0 - - 16.8 15.4 11.6
1 11.6 16.1 16.9 15.2 11.6
2 11.6 16.1 16.9 15.1 11.6
3 11.6 16.0 16.8 15.1 11.6
4 11.6 16.0 16.6 15.0 11.6
5 11.6 15.9 15.8 14.8 11.6
6 11.2 15.5 14.6 14.3 11.6
7 10.8 14.6 13.8 13.2 115
8 10.0 13.2 12.7 10.8 11.1
9 17.0 11.2 10.5 9.5 10.7
10 6.9 9.6 9.6 7.7 10.1
11 6.3 8.1 8.5 6.9 9.5
12 5.5 7.2 7.7 6.5 7.8
13 5.4 6.5 6.8 6.2 6.8
14 5.2 6.1 6.3 5.8 6.3
15 5.1 5.8 5.9 5.6 5.8
16 - - 5.6 5.4 5.6
17 - - 5.4 5.2 5.4
18 - - 5.3 5.1 53
19 - - 5.2 5.0 5.1
20 4.7 5.0 5.1 5.0 5.0
25 4.6 4.8 4.8 4.9 4.8
30 4.5 4.6 4.6 4.9 4.6
35 4.4 45 4.5 4.8 4.6
40 4.3 45 4.5 4.7 45
45 4.3 4.4 4.5 4.6 45
50 4.3 4.4 4.5 4.6 45

Secondary Production

We estimated a seasonal mean density of all zooplankton in Hetta Lake of
72,450 zooplankton-m™ and a seasonal weighted mean biomass of 51.9 mg-m™. Bosmina sp. was
the most abundant taxon numerically, comprising 60.0% of the total zooplankton assemblage,
and 66.4% of the total biomass over the season (Table 10). The large zooplankter, Daphnia
longiremis, represented an average of 1.1% of the total zooplankton assemblage numerically;
however, because of its larger size, it represented a slightly larger percentage, 3.8%, of the mean
weighted biomass (Table 10).
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Table 10.—Zooplankton seasonal mean densities, and seasonal mean lengths and biomass, weighted by
numerical abundance at each sampling date, by taxon, for Hetta Lake in 2005. The percentage of each
taxon in total zooplankton population, by density and biomass, is shown. Estimates shown are the average
between sampling stations A and B.

Seasonal mean density Seasonal Seasonal weighted mean biomass
weighted mean
Zooplankton Number-m™ Percentage length (mm) mg-m Percentage
Cyclops 7,427 10.3% 0.6 10.1 19.3%
Harpaticus 66 0.1% 0.5 0.1 0.1%
Copepod nauplii 12,407 17.3%

Bosmina 43,256 60.0% 0.3 345 66.4%
Ovigerous Bosmina 6,207 8.5% 0.3 5.3 10.4%
Daphnia longiremis 865 1.1% 0.7 1.9 3.8%
Immature Cladocera 6,126 8.4%

Totals 72,450 51.9
DISCUSSION

We thought that the escapements in 2003 and 2004 may have been underestimated (Conitz et al.
2007), but the 2005 weir count and weir mark-recapture estimate were similar in magnitude to
those years’ estimates (Table 11). The mark-recapture estimates of beach spawners in 2003 and
2004, based on very small samples and then extrapolated to the entire lake spawning population,
were very rough approximations at best. Because we were able to sample the entire inlet stream
spawning population as a closed population, we have more confidence in these estimates for
2001-2004 (Conitz et. al 2007) than in the beach spawning population estimates. Overall, the
escapement sizes indicated in those four years appear to be not much significantly smaller than
the 2005 escapement determined by the weir and mark-recapture study. All of the estimates had
enough uncertainty that small differences between them can’t be considered meaningful with the
information we have. We believe that the weir count, together with the weir-based mark-
recapture estimate in 2005, confirmed that the exceptionally low escapements for this system that
we measured in 2001-2004 were probably not simply due to underestimation.

Table 11.-The number of stream and beach spawners estimated from mark-recapture studies in
Hetta Lake 2001 to 2004 and weir count and weir mark-recapture estimate in 2005.

Estimates

Weir mark- Total Stream Beach
Year Weir count recapture spawners spawners spawners
2001 - - - 2,400 -
2002 - - - 300 -
2003 - - 3,100 800 2,300
2004 - - 2,000 600 1,400
2005 1,930 3,300 - - -
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The mark-recapture estimate (3,300 sockeye salmon) was larger than the weir count in 2005
(1,930 sockeye salmon). We also enumerated a large number of pinks through the weir (36,609
pink salmon). In order to count the large number of pink salmon, weir pickets were pulled and a
crew member counted fish as they passed through. The large numbers of pink salmon made it
likely that sockeye salmon were undercounted or mistaken for pink salmon. This error in
counting may have caused the large difference between the weir count and the mark-recapture
estimate.

Our previous years of study of subsistence harvest in Hydaburg showed that subsistence permit-
holders tend to underestimate harvest on returned permits (Cartwright et al. 2005). However, in
2005, the on-site subsistence harvest census was lower than the total harvest reported on permits
for Hetta Cove (Table 5; Appendix B). We can think of at least two possible reasons for this
discrepancy. First, the interviewer may have failed to interview some participants who harvested
sockeye salmon in Hetta Cove. Second, permits are frequently returned just prior to requesting a
new permit each year, so reporting may be done up to one year after the harvest took place. We
can assume numbers reported by memory up to a year after the harvest took place may not be
entirely reliable. Therefore, we suggest caution in interpreting both the on-site harvest census
numbers and the harvest totals from returned permits, because both methods rely heavily on the
memory and accuracy of each individual reporting, sometimes with a long time lapse. We
recommend using the higher permit reporting harvest number from this year to maintain
conservative management.

In 2001 and 2002, we estimated large sockeye fry populations in Hetta Lake (McEwen et al.
2002; Conitz and Cartwright 2003) that should have contributed to large returns of five- and
four-year-old sockeye adults in 2005. However, these large fry population estimates may be
inconsistent with other information we now have about the Hetta Lake sockeye population from
2001 to 2005. For example, the escapement estimate for brood year 2001, although only a partial
estimate that excluded beach spawners, was far too low, at 2,400 fish, account for one million fry
the following season. We have observed a stable number of total planktivores in our
hydroacoustic surveys from 2002 to 2005, but the estimated relative proportions of sockeye fry
and sticklebacks have shifted dramatically. Unfortunately, the species composition estimates,
generated from trawl sample data, may not be reliable. We are aware of the possibility of large
biases in trawl data due to behavior and distribution of fish, combined with limitations in the
sampling gear and design. Hetta Lake appears to have a large, and possibly increasing,
population of threespine sticklebacks, which may compromise the food resources available to
sockeye fry. A large population of sticklebacks may compete with sockeye fry for zooplankton
(Beauchamp and Overman 2004), depleting their shared preferred prey, Daphnia (Romare et al.
2005; Campbell 1991), and possibly limiting sockeye growth and survival. If the lake has
experienced greatly reduced numbers of sockeye fry, due to abnormally low escapements in
recent years, sticklebacks may be exhibiting a phenotypic response, moving into a niche that was
formerly fully occupied by sockeye fry. This phenotypic response, or character release, would
involve a population-wide shift favoring limnetic feeding behavior and morphology over the
benthic type (Schluter 1993; Nosil and Reimchen 2005). In larger and deeper lakes with greater
interspecific competition, the benthic feeding type is usually favored in stickleback populations.
Benthic feeding sticklebacks would not be detectable in sonar transects nor catchable with
midwater trawl gear, and so we may have greatly underestimated the stickleback population size
in Hetta Lake in periods when the population was dominated by benthic feeders. A shift favoring
the limnetic feeding type would have resulted in larger proportions of sticklebacks observed in
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trawl samples (A. Rosenburger, University of Alaska Fairbanks School of Fisheries and Ocean
Science, personal communication, 2007).

We are concerned about the low sockeye escapements observed in Hetta Lake from 2001
through 2005. Historically, this system has produced much larger sockeye runs, and the stock
remains an important and heavily utilized subsistence resource. Continued monitoring of
escapement and harvest is important to ensure that subsistence needs as well as escapement and
conservation needs are balanced as much as possible. Additional information provided by lake
assessments of planktivore and prey populations may help us better understand the relationship
between spawning populations and freshwater production. We cannot expect to recommend or
establish formal escapement goals with the limited information available for this stock. However,
biologists and fisheries managers need to continue observe the relationships between freshwater
production and returns of this stock to the terminal subsistence fishery and the spawning
population and adjust management policies as appropriate.
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Appendix A.—The 2005 Hetta Lake weir counts by species and sockeye salmon marking schedule, and

daily water temperature and depth of Hetta Lake’s outlet stream.

Water Sockeye
Water temperature i Coho Chum . .
Date depth (m) FE"C) c%ﬁlr:é Cum. counts Daily Daily Pink Daily
3-Jun 0.24 14 1 1 - - -
4-Jun 0.24 18 2 3 - - -
5-Jun 0.23 15 0 3 - - -
6-Jun 0.23 15 0 3 - - -
7-Jun 0.23 15 0 3 - - -
8-Jun 0.23 15 0 3 - - -
9-Jun 0.23 15 0 3 - - -
10-Jun 0.24 15 4 7 - - -
11-Jun 0.26 15 2 9 - - -
12-Jun 0.26 15 3 12 - - -
13-Jun 0.25 15 1 13 - - -
14-Jun 0.25 15 2 15 - - -
15-Jun 0.25 15 11 26 1 - -
16-Jun 0.25 17 7 33 - - -
17-Jun 0.24 17 5 38 - - -
18-Jun 0.24 16 6 44 - - -
19-Jun 0.24 16 0 44 - - -
20-Jun 0.23 17 22 66 - - -
21-Jun 0.22 17 1 67 - - -
22-Jun 0.21 16 2 69 - - -
23-Jun 0.21 16 0 69 - - -
24-Jun 0.23 16 0 69 - - -
25-Jun 0.22 16 13 82 - - -
26-Jun 0.22 18 10 92 - - -
27-Jun 0.22 18 19 111 - - -
28-Jun 0.22 18 25 136 - - -
29-Jun 0.21 18 51 187 1 1 -
30-Jun 0.22 18 13 200 - - -
1-Jul 0.22 16 12 212 - - -
2-Jul 0.22 17 9 221 - - -
3-Jul 0.24 17 8 229 - - -
4-Jul - 17 0 229 - - -
5-Jul 0.35 16 169 398 - - -
6-Jul 0.4 16 9 407 - - -
7-Jul 0.49 16 30 437 - - -
8-Jul 0.49 16 6 443 - - -
9-Jul 0.47 16 0 443 - - -
10-Jul 0.44 16 4 447 - - -
11-Jul 0.44 16 8 455 - - -
12-Jul 0.44 16 12 467 - - -
13-Jul 0.41 16 35 502 - - -
14-Jul 0.41 16 26 528 - - -
-continued-
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Appendix A.—Page 2 of 3.

Water Sockeye
Water temperature Dail Coho Chum . .
Date depth (m) C) coun¥s Cum. counts Daily Daily Pink Daily
15-Jul 0.49 16 0 528 - - -
16-Jul 0.49 16 2 530 - - -
17-Jul 0.48 16 1 531 - - -
18-Jul 0.46 16 1 532 - - -
19-Jul 0.44 16 1 533 - - 1
20-Jul 0.42 17 7 540 - - -
21-Jul 0.4 16 0 540 - - -
22-Jul - - - 540 - - -
23-Jul 0.41 17 11 551 - - -
24-Jul 0.67 17 1 552 - - -
25-Jul 0.55 17 1 553 - - -
26-Jul 0.49 17 3 556 - - -
27-Jul 0.49 17 0 556 - - -
28-Jul 0.61 17 0 556 - - -
29-Jul 0.61 17 1 557 - - -
30-Jul 0.61 17 0 557 - - -
31-Jul 0.37 18 7 564 - - -
1-Aug 0.46 18 26 590 - - 4
2-Aug 0.46 18 12 602 1 - 3
3-Aug 0.55 17 105 707 - 1 30
4-Aug 0.79 17 65 772 - - 52
5-Aug 0.67 17 20 792 - - 5
6-Aug 0.85 17 18 810 - - 10
7-Aug 0.85 17 10 820 - - 19
8-Aug 0.61 18 8 828 - - 2
9-Aug 0.58 19 43 871 1 - 9
10-Aug 0.49 19 20 891 1 - 17
11-Aug 0.37 20 5 896 - - 16
12-Aug 0.33 20 9 905 - - 3
13-Aug 0.32 20 6 911 - - 6
14-Aug 0.31 20 12 923 - - 3
15-Aug 0.3 19 3 926 - - 2
16-Aug 0.3 19 3 929 - - 3
17-Aug 0.3 19 17 946 - - 16
18-Aug 0.3 19 24 970 - - 6
19-Aug 0.31 19 42 1,012 1 - 38
20-Aug 0.31 18 24 1,036 1 - 68
21-Aug 0.61 19 85 1,121 1 - 522
22-Aug 0.85 19 49 1,170 3 - 1,201
23-Aug 0.85 19 36 1,206 22 3 2,300
24-Aug 0.76 19 48 1,254 5 - 1,224
25-Aug 0.76 19 58 1,312 18 11 1,128
26-Aug 0.94 19 64 1,376 19 1 1,052
27-Aug 0.94 19 20 1,396 7 4 676
-continued-
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Appendix A.—Page 3 of 3.

Water Sockeye

Water temperature i Coho Chum . .
Date depth (m) %C) C%i:i; Cum. counts Daily Daily Pink Daily
28-Aug 1.22 18 107 1,503 24 13 2,539
29-Aug 1.22 18 77 1,580 35 5 1,898
30-Aug 1.19 18 19 1,599 11 5 978
31-Aug 1.22 18 43 1,642 38 12 1,998
1-Sep 1.28 18 32 1,674 82 17 3,226
2-Sep 1.31 18 31 1,705 77 13 2,095
3-Sep 1.22 18 12 1,717 44 6 1,226
4-Sep 1.22 18 21 1,738 58 11 1,309
5-Sep 1.19 18 21 1,759 109 32 1,226
6-Sep 1.19 18 27 1,786 85 29 1,510
7-Sep 1.65 18 31 1,817 207 65 3,359
8-Sep 2.13 18 9 1,826 8 13 429
9-Sep 2.13 18 13 1,839 16 20 307
10-Sep 2.44 17 13 1,852 30 14 404
11-Sep 1.83 17 3 1,855 72 11 283
12-Sep 1.68 17 8 1,863 49 4 173
13-Sep 1.77 16 16 1,879 113 15 417
14-Sep 1.52 16 14 1,893 40 6 207
15-Sep 1.22 17 14 1,907 35 5 343
16-Sep 1.16 16 6 1,913 48 9 351
17-Sep 1.65 16 0 1,913 0 0 0
18-Sep 1.68 16 5 1,918 222 39 1,521
19-Sep 1.55 16 7 1,925 306 47 1,671
20-Sep 1.68 16 2 1,927 309 49 723
21-Sep 3 1,930 0 0 0
3-Oct 1,930
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Appendix B.-Subsistence harvest of sockeye salmon at Hetta Cove (ADF&G stream no. 103-25-20)
and Eek Inlet (ADF&G stream n0.103-25-009) reported by permit holders returning ADF&G
subsistence permits for years 1985-2005 (ADF&G Division of Commercial Fisheries Region | database,
2006). On site survey harvest results are not shown here from 2001-2005.

Permits Sockeye Sockeye/permit
Year Hetta Eek Hetta Eek Hetta Eek
1985 57 - 1,265 - 22 -
1986 73 - 1,911 - 26 -
1987 44 - 1099 - 25 -
1988 21 3 507 49 24 16
1989 27 4 1,135 115 42 29
1990 25 4 879 44 35 11
1991 22 14 680 754 31 54
1992 33 12 1,982 295 60 25
1993 55 12 1,778 260 32 22
1994 41 16 2,424 448 59 28
1995 42 11 1,491 292 36 27
1996 27 16 1,014 739 38 46
1997 34 13 1,407 520 41 40
1998 26 17 726 601 28 35
1999 58 25 2,298 657 40 26
2000 46 13 1,483 223 32 17
2001 20 5 1,129 124 56 25
2002 17 8 553 245 33 31
2003 23 7 954 153 41 22
2004 12 8 531 236 44 30
2005 8 2 625 180 37 90

27



	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF APPENDICES
	ABSTRACT
	INTRODUCTION
	OBJECTIVES
	METHODS
	Study Site
	Sockeye Escapement Estimate
	Weir Count
	Weir Mark-Recapture Estimate
	Visual surveys
	Data Analysis

	Sockeye Escapement Age and Length Composition
	Subsistence Harvest Census 
	Sockeye Fry Assessment 
	Hydroacoustic survey
	Trawl Sampling
	Data Analysis

	Limnology Sampling 
	Light and Temperature Profiles
	Secondary Production


	RESULTS
	Sockeye Escapement Estimate
	Weir count 
	Weir Mark-Recapture Estimate 
	Visual surveys

	Sockeye Escapement Age and Length Composition
	Subsistence Harvest Census
	Sockeye Fry Assessment
	Limnology Sampling
	Light and Temperature Profiles
	Secondary Production


	DISCUSSION
	ACKNOWLEDGEMENTS
	REFERENCES CITED
	APPENDICES 


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


