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| dentifying the Spatial Distribution of Stocks of Migrating Adult
Sockeye Salmon Using Age Composition Data

Lucy Flynn, Ray Hilborn, and André E. Punt

AsstracT: We present amodel for identification of the spatial distributions of component stocks of sockeye salmon
Oncorhynchus nerka in the Port Moller test fishery, which are migrating to Bristol Bay, Alaska, using the differen-
tial age composition of those stocks. We model the spatial distribution of each stock as a normal density with pa-
rameters of mean and standard deviation of distance along the sampling transect. The model predicts the number
and age composition of sockeye salmon at different sampling stations, and compares them to the observed abun-
dance and age composition at these sampling stations. Some level of stock separation is apparent at Port Moller,
but the ability to discriminate a component stock depends on both its uniqueness of age composition and its rela-
tive magnitude. We believe these methods may provide additional information that can be integrated with other
sources currently used for inseason projections of sockeye salmon runsin Bristol Bay.

INTRODUCTION

A multitude of methods exist for stock identification,
each requiring the collection of one or more types of
data including morphology (Cadrin 2000), genetics
(Guthrie et a. 2000), scale patterns (Suga et al. 1989)
and occurrence of parasites (Urawaet al. 1998). There
has been, however, little use of age composition. A lit-
erature review produced few references to models for
stock identification based on age composition, and
only a handful of mentions of age composition infor-
mation supporting conclusions drawn from other meth-
ods. McKinnell et al. (1999) cited age composition in
support of conclusions drawn from microsatellite DNA
and scale patterns of Fraser River sockeye salmon
Oncorhynchus nerka. Gable and Cox-Rogers (1993)
also cited age composition as “accessory data used to
refine the analysis’ of stock identification of Fraser
River sockeye salmon based on scale patterns. Wood
et a. (1988) compared four methods of stock identifi-
cation for sockeye salmon in Northern British Colum-
bia and Southeast Alaska, including freshwater age.
Researchers concluded that the use of freshwater age
composition is too variable among years of return to

be useful in their application. Although age composi-
tion of sockeye salmon is variable over time, stock
identity information is contained in age composition
data if stocks differ and age compositions are moni-
tored over time.

One case in which age composition data has been
utilized with regularity by the Alaska Department of
Fish and Game (ADF& G) isthat of postseason analy-
ses to estimate the stock composition of commercial
catches. Witteveen (1998) provides an example for the
IInik River System. The researcher estimated the stock
composition of the commercial fishery on the Alaska
Peninsulafor a postseason run reconstruction by com-
paring the age composition of commercial catches to
those in river escapements. Both total age composi-
tions and a single “marker” age class were modeled
separately for the purpose of run reconstruction, and
both methods provided similar results.

The Bristol Bay sockeye salmon fishery experi-
ences extremely variable harvests, and hasranged from
10 million to more than 45 million fish over the past
two decades (ADF& G 2000). Roughly 80% of the har-
vest occurs between June 27 and July 12 in remote
Southwest Alaska, isolated from sources of materials
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and labor (Helton 1991). If arun is much larger than
expected, processors are not able to quickly increase
processing capacity and may be forced to institute
catch limits or to ship unprocessed fish to distant plants
with concomitant increased costs and decreased qual-
ity. Conversdly, if runs are smaller than expected and
there is excess capacity, the associated fixed costs may
remove profitability. These conditions also present
manageria challenges. Bristol Bay management biolo-
gists must decide on opening and closing the fishery
for harvest periods before the actual escapements are
known, based on the estimated number of inriver fish
and the estimated number of incoming fish.

The Port Moller salmon test fishery provides in-
formation regarding incoming fish roughly one week
before they enter the fishing districts (Helton 1991).
The test fishery samples stations along a transect ex-
tending from Port Moller toward Cape Newenham
(Figure 1). Stations 2, 4, 6, and 8 have been fished
regularly since the Fisheries Research Institute/Alaska
Salmon Program took over the test fishing program in
1987, but recent years have included additional sta-
tions (Table 1). Station 0 was fished regularly during
the 1980s and thus is included in figures, but was not

Cape
Newenham
BRISTOL —58°N
14 BAY

Port
Moller

160°W

Figure 1. Port Moller salmon test fishery sampling stations (0—
14) and the relative position of Bristol Bay commercial
fishing districts (station 0 has not been sampled regularly
since the 1980s and thus is not included in the analysis).
Thelabel a indicates the Nushagak District, b the Naknek-
Kvichak Digtrict, ¢ the Egegik District, and d the Ugashik
District.

fished during the years for which the analysis is per-
formed. Weather permitting, the test fishery samples
each station daily between June 10 and July 10, and an
updated forecast for the Bristol Bay run isissued each
day (Helton 1991). However, the commercial fishery
iscomposed of four major commercial fishing districts
that are managed separately (Figure 1; ADF& G 2000),
and each is located at the entrance of one or more
major rivers. In most cases, fishermen are required to
wait 48 hours before transferring between these dis-
tricts, and travel time for processing and support ves-
selscan further limit processing capacity. Although the
inseason forecasts provided by the Port Moller test
fishery are valuable, information regarding the propor-
tion of the run headed for each commercial fishing
district would increase their value significantly.

Sockeye salmon sampled at Port Moller are hom-
ing to Bristol Bay, but their river destination is un-
known (Straty 1975). Based primarily on tagging
studies completed by Straty (1975), stocks with differ-
ing ocean distributions are believed to have already
converged on a common migratory path as they pass
offshore from Port Moller, yet are only in the initial
stages of separation for return to their home rivers.
Straty (1975) reported specifically that directly off-
shore from Port Moller “ segregation of stocks destined
for rivers entering on the northwest and southeast sides
of Bristol Bay is apparent,” and stated that Nushagak
District and Naknek-Kvichak District stocks are more
abundant in the offshore waters, while Egegik Didtrict
and Ugashik District stocks are more abundant closer
to shore. However, tagging data was deemed insuffi-
cient to draw quantitative conclusions. If the level of
stock separation offshore from Port Moller is substan-
tial, then the observed unimodal distribution of fish
across the transect (Figure 2) may actually be com-
posed of more than one distinct distribution, and one
or more sampling station may be substantially more or
less representative of incoming runs to one or more
commercial district.

We develop a model for using age composition
data to estimate the physical distribution of each dis-
trict stock along the sampling transect using catch-of-
age data from each test fishery station along the
transect and run-of-age data from each commercial
fishing district, and use this modd for the purpose of
stock identification along the Port Moller sampling
transect. We estimate the spatial distribution of each
component stock within the total spatial distribution to
determine their degree of similarity. We treat each
possible physical location of each stock as a compet-
ing hypothesis, and select the most plausible of those
hypotheses (Hilborn and Mangel 1997). We perform
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Table 1. Age composition of the Port Moller test fishery sockeye salmon catches and estimated sockeye salmon runs to Bristol
Bay’scommercial fishing districtsfor each year that Port Moller datais available electronically, 1993 and 1996-2000. Catches
arelisted by age class and by sampling station; runs are listed by age class and by commercial fishing district. Blanksindicate

no observations.

Catch by Station

Run by district (thousands of fish)

Year Age 2 4 6 8 10 12 14 Nushagak  Naknek-Kvichak  Egegik Ugashik
1993 1.2 13 39 104 103 1,502 5,370 887 1,676
13 123 195 238 221 2,644 3,173 1,662 821
22 91 252 444 294 153 5,074 10,182 1,752
2.3 356 528 596 372 159 1,866 3,057 671
1996 1.2 33 67 80 47 2,714 795 335 191
13 380 609 383 221 4,937 6,661 3,939 3,167
22 131 179 54 26 62 1,114 3,113 597
2.3 195 365 155 115 322 2,714 4,721 1,218
1997 1.2 43 184 222 189 1,844 1,181 461 238
13 129 415 563 453 2,321 795 1,039 547
22 221 488 481 129 107 800 4,490 900
2.3 184 450 453 99 108 491 2,483 306
1998 1.2 9 106 301 196 3,077 2,476 368 333
13 81 428 588 233 2,404 2,441 537 352
22 16 87 142 106 150 1,180 880 241
2.3 164 572 313 132 87 564 3,099 827
1999 1.2 211 472 412 308 256 55 4,160 10,178 3,053 2,710
13 9% 200 226 141 124 40 3,424 2,024 943 314
22 146 287 231 188 131 27 532 4,252 4,127 673
23 38 74 78 62 65 24 277 1,267 977 195
2000 1.2 13 28 42 93 374 68 12 2,747 686 469 213
13 21 59 112 300 1,429 511 48 4,126 3,800 3,102 1,495
22 5 27 33 70 159 28 5 153 785 1,517 167
2.3 5 18 31 116 323 77 2 125 627 3,031 265

postseason analyses for the sake of simplicity, with
severa potentia inseason applications. If a consistent
migration pattern were to be observed, abundance in-
formation from individual stations could be used for
inseason forecasting specific to one or more individual
commercia fishing district. Moreover, if the model is
able to clearly distinguish between stocks postseason,
it could potentialy be feasible inseason.

METHODS

Available Data

The analysis was performed for all years for which
datawas available in electronic form, 1993 and 1996—
2000. Data for 1994, 1995, and years prior to 1993
were not available from the Alaska Salmon Program
or from ADF& G We chose to examine the season’s
test fishery catches and runs of sockeye salmon in
Bristol Bay as awhole, for the sake of smplicity. If a

clear pattern of distribution emerges for the season as
awhole, that pattern may differ dightly at agiventime
during the forecasting season. Certain commercial fish-
ing districts tend to have earlier arrivals than others,
and migration time likely varies between Port Moller
and these districts. However, temporal patterns are
relatively consistent from year to year (i.e., Egegik
Didtrict is consistently earlier than Ugashik District),
and could potentially be modeled if a consistent spa-
tial pattern was established. Additionally, although
both the Nushagak District and the Naknek-Kvichak
District are composed of more than one major river
system, we treated each commercia district asasingle
population for this analysis. This treatment isjustified
because stocks within a district are generally fished
simultaneously (ADF&G 2000), so actual returns to
each river system within a district are not precisely
known. Moreover, the age composition of stocks
within a commercial fishing district tend to more
closely resemble each other than stocks in other dis-
tricts (Rogers 1987).
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Figure 2. Total season catchesat Port Moller test fishery sampling stationsfor each year that Port Moller dataisavailable el ectronically
(1993 and 1996-2000), and normal distributionsfit to the data. Station O was not sampled during these years, but it isincluded

for reference.

Table 1 shows the catch for each year, age class,
and Port Moller sampling station, and the returns to
each commercial fishing district for each year that Port
Moller datais available electronically, 1993 and 1996—
2000. Catch-of-age data from the test fishery is avail-
able from scale samples taken routinely from every
fish caught. Estimates of run sizes were provided by
ADF& G. Commercia catches are estimated by weigh-
ing fish in randomly selected samples and extrapol at-
ing over reported commercia catch poundage, for each
commercial fishing period of the season, in each com-
mercial fishing district. Escapements are estimated by
visual enumeration for 10-minute periods each hour
from escapement counting towers, extrapolated over
the full hour, each day of the season, on each major
river. Age composition data for commercial catches
and escapements is collected by the routine sampling
of commercia catches from each gear type and com-
mercial fishing district, and of each escapement count-

ing tower. Both scale samplesfrom the Port Moller test
fishery and from the commercial catches and escape-
ments are aged by ADF& G personnel. Because the
sample sizes used to determine age composition are so
large (approximately 30,000 per year; F. West, Alaska
Department of Fish and Game, Anchorage, persona com-
municetion), we are ignoring any errors that may occur.
Table 2 summarizes the proportions by age of the Port
Moller catch and of the tota runs, and the age composi-
tion of test fishery catches (Figure 3) and runs to each
digtrict (Figure 4) areillustrated for further clarity.

Notation

Thefollowing notations are used for the observed data:
N_ _  thennumber of fishinthe run of stock sthat is

2T of age group ain year y. We assume no uncer-
tainty in these numbers; and,



Table 2. Relative vulnerability-of-age of sockeye salmon
captured in the Port Moller test fishery for each year that
Port Moller dataisavailableelectronically, 1993 and 1996—
2000.

Proportion Proportion Relative
Age in Catch in Run Vulnerability
1993 1.2 0.07 0.23 0.28
13 0.20 0.20 0.96
22 0.27 0.42 0.65
2.3 0.47 0.14 3.30
1996 1.2 0.07 0.11 0.68
13 0.52 0.51 1.03
22 0.13 0.13 0.96
2.3 0.27 0.25 111
1997 1.2 0.14 0.21 0.66
13 0.33 0.26 1.28
22 0.28 0.35 0.81
23 0.25 0.1 135
1998 1.2 0.18 0.33 0.54
13 0.38 0.30 1.27
22 0.10 0.13 0.78
2.3 0.34 0.24 141
1999 1.2 0.44 0.51 0.86
13 0.21 0.17 124
22 0.26 0.25 1.06
2.3 0.09 0.07 1.26
2000 1.2 0.16 0.18 0.89
13 0.62 0.54 115
22 0.08 0.11 0.73
23 0.14 0.17 0.82
Mean 1.2 0.17 0.26 0.65
13 0.38 0.33 115
22 0.19 0.23 0.83
2.3 0.26 0.18 154

C.- thenumber of individuals caught at station i
of age group a in the Port Moller test fishery
inyeary.

The following notations are used for the param-
eters to be estimated:

u _  theaverage spatial location (in units of station
= . " .
numbering, see Figure 1) of stock sin year y;,
and,
Sy-  thestandard deviation of the spatial location

(in units of station numbering see Figure 1) of
stock sinyeary.

The following notations are used for intermediate
calculations:

Oy - the proportion of stock sat stationi inyeary;,

Articles

the relative vulnerability of age group ato the
Port Moller test fishing gear in year y;

the proportion of catch at station i of age a in
year y; and,

the sample size used in the multinomial like-
lihood for station i, age a, year y.

ay=

©

jay =

Model calculations

The predlcted proportion, O, , of each stock at each
station is modeled by the normal density function (cu-
mulative station catches resemble a normal distribu-
tion; see Figure 2),

: (1)

wherei refersto agiven station and includes only sta-
tionsfished (2, 4, 6, 8, 10, 12, or 14).

The relative vuInerabiIity of fish of age a, to the
Port Moller test fishery in yeary, r is the ratio be-
tween the age composition in the totan run and the Port
Moller catch, where

™ D> (D> (D~
Qo

» Qo
Ol &
2

[co Y Y Y at]

ay

(2)

@)QSD) D> D
[e]
n mom QJO
Q
Z x;Z
ég <
o.ooc

The predlcted proportion, Piay: of each age group
at each station is determined by calculati ng, for each
stock, the proportion of the fish of stock s traveling
through that station multiplied by the observed num-
ber of fish in the run of stock sthat are of age group a
(N, ) summing across stocks, and then multiplying by
the age-specmc vulnerability (v), where

[o]
a qs’y Nsay
pi = V [e] S0
¥ ¥aagyNg, (3)
a S
We used the multinomia likelihood to evaluate the

relative support the data provide for possible param-
eter values, and thus, competing hypotheses about the
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gpatial distribution of each stock. The actua observed
sample sizes at Port Moller are reasonably large, of-
ten several hundred. As an initial step we down-
weighted the sample sizes of the test fishery catches
so that the sample size used in the multinomial likeli-
hood was 100. This initial tria is to establish maxi-

mum likelihood estimates (MLES); the appropriate

sample size is calculated after obtaining those esti-
mates. Effective catches of each age group at each sta-

tion in each year is calculated as follows:

The likelihood, L, of a hypothesized

Cia
Slay :100%
aa

i a

jay *

55

(4)

and s

given the data is thus (note the factorial term is
dropped for simplicity and computational conve-
nience):

Sia
L(UW W | Nsay! Iay) O O playy 5

1993 1998
1.0 - 101 — —
0.9 0.9 -
0.8 0.8 -
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013
0.5 0.5 -
o12
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0.3 0.3 1 .
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Figure 3. Age composition of Port Moller test fishery catches by sampling station for each year that Port Moller datais available

electronically, 1993 and 1996—2000.
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Calculation of Bayes posterior distributions

We assumed uniform priors for the mean location pa-
rameters along the full range of locations sampled: sta-
tions 2 to 8 for the years 1993 and 1996-1998, and a
dlightly wider range in 1999-2000 (Table 1). We as-
sumed uniform priors for the standard deviation pa-
rameters between 0.5 and 5.0; a standard deviation of

Articles

0.5 results in ailmost all of one digtrict’s fish expected
at one station, and a standard deviation of 5.0 results
in a nearly even distribution across stations. We used
the Sampling Importance Resampling (SIR) method
(Gelman et al. 1995), drawing 500,000 samples from
the prior distributions as the importance function and
resampling 1,000. Because the multinomial likelihood
function has no variance parameter, it is accepted prac-

1993 1998
100 g 107 — —
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0.8 - 0.8 - i
0.7 - 0.7 -
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0.5 | 054 [ | .
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[nd : . ] o023
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Figure4. Age composition of returnsto each commercial fishing district for each year that Port Moller dataisavailableelectronicaly,

1993 and 1996-2000.
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ticeto use ‘implied’ rather than observed sample sizes
(McAllister and lanelli 1997). After obtaining MLEs
for al parameters (the means of the posterior distribu-
tions), we calculated the effective sample size, n, be-
tween al years according to the formula devel oped by
McAllister and lanelli (1997),

é é E)iay(l- E)iay)

n=

~<QJ°< QJO

é é_ (r:)iay - piay)2
a i , (6)

where n is a function of the predicted and observed
proportions of each age class at each station in each
year. We then repeated the SIR exercise scaing to the
appropriate sample size and drawing at |least 1,000,000
times from the prior distributions. We report the me-
dian of each parameter; however, given the near nor-
mal distributions of most of the posteriors there was

little discrepancy between the median and mode.
Given these estimated parameters we calculated the
proportion of the sample catches expected at each sta-
tion.

RESULTS

Results are summarized in Table 3 and illustrated in
Figure 5 with a box plot of the estimated central spa-
tial location of each stock in each year. In 1993, all
stocks appear to have had similar offshore locations,
although the Naknek-Kvichak Didtrict stock’s central
location MLE is approximately one station further off-
shore from those of the other stocks (6.6 vs. 5.4-5.7).
The variances of the posterior distributions are large
compared to the differences between them (Figure 5).

In 1996, there appears to have been dightly more
separation along the sampling transect. The Naknek-
Kvichak Didtrict stock and the Ugashik District stock

Table 3. Meansand standard deviations (SD) of the Bayes posterior distributionsfor mean and standard deviations of thedistributions
of stocks along the Port Moller sampling transect for each year that Port Moller dataiis available el ectronically, and resulting
estimates of the expected proportion of each stock’ s sample catch at each sampling station.

Median of Posterior

Distribution Proportion of Expected Sample Catch by Station
Year District Mean SD 0 2 4 6 8 10 12 14
1993 Nushagak 5.7 34 0.06 0.13 0.22 0.24 0.19 0.11 0.04 0.01
N-K2 6.6 2.8 0.02 0.08 0.18 0.28 0.25 0.14 0.05 0.01
Egegik 54 35 0.07 0.15 0.22 0.23 0.18 0.10 0.04 0.01
Ugashik 5.6 2.7 0.03 0.12 0.25 0.29 0.20 0.08 0.02 0.00
1996 Nushagak 55 35 0.07 0.14 0.22 0.23 0.18 0.10 0.04 0.01
N-K2 4.2 3.1 0.11 0.21 0.27 0.23 0.13 0.05 0.01 0.00
Egegik 34 19 0.09 0.33 0.40 0.16 0.02 0.00 0.00 0.00
Ugashik 4.4 2.6 0.08 0.20 0.31 0.26 0.12 0.03 0.00 0.00
1997 Nushagak 7.1 24 0.00 0.03 0.14 0.30 0.31 0.16 0.04 0.01
N-K2 55 2.6 0.03 0.13 0.26 0.30 0.19 0.07 0.01 0.00
Egegik 4.6 18 0.02 0.16 0.42 0.33 0.07 0.00 0.00 0.00
Ugashik 5.2 2.6 0.04 0.15 0.28 0.30 0.17 0.05 0.01 0.00
1998 Nushagak 5.8 15 0.00 0.02 0.26 0.52 0.18 0.01 0.00 0.00
N-K2 6.7 18 0.00 0.02 0.15 0.41 0.34 0.09 0.01 0.00
Egegik 43 16 0.01 0.17 0.49 0.29 0.04 0.00 0.00 0.00
Ugashik 48 24 0.05 0.17 0.31 0.29 0.14 0.03 0.00 0.00
1999 Nushagak 6.0 3.6 0.06 0.12 0.20 0.23 0.20 0.12 0.06 0.02
N-K2 54 3.2 0.06 0.14 0.23 0.25 0.18 0.09 0.03 0.01
Egegik 55 34 0.07 0.14 0.22 0.24 0.18 0.10 0.04 0.01
Ugashik 6.2 25 0.01 0.08 0.22 0.32 0.25 0.10 0.02 0.00
2000 Nushagak 10.3 0.9 0.00 0.00 0.00 0.00 0.05 0.80 0.15 0.00
N-K2 8.8 3.2 0.01 0.03 0.08 0.17 0.25 0.24 0.16 0.07
Egegik 9.8 13 0.00 0.00 0.00 0.01 0.23 0.62 0.14 0.00
Ugashik 10.0 2.0 0.00 0.00 0.01 0.06 0.24 0.39 0.24 0.06

aNaknek-Kvichak District
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Figure 5. Bayes posterior distributions for mean location parameters for each year that Port Moller datais available electronically,
1993 and 1996—2000. Box plots indicate means (maximum likelihood estimates) and middle quartiles; error bars indicate 5™
and 95" percentiles. Station 0 was not sampled during these years, but it isincluded for reference.

had MLEs with relatively central locations (4.2 and
4.4, respectively), while the Nushagak District stock’s
MLE was approximately a station offshore (5.5), and
the Egegik District stock’s MLE was approximately a
station further inshore (3.4). In 1996, the variance of
the posterior distribution for the Egegik District stock’s
MLE was much smaller than the others, which again
were relatively large compared to the differences be-
tween them (Figure 5).

Results for 1997 show a similar pattern, although
all stocks appear to have crossed the transect approxi-
mately one station further offshore. The centra loca

tion of the stocks' MLEs of the Naknek-Kvichak and
Ugashik Districts are 5.2 and 5.5, respectively, while
the relatively offshore MLE of the Nushagak Didtrict
stock is 7.1 and the relatively inshore MLE of the
Egegik Didtrict stock is4.6. In 1997, the variances of
the poster distributions of the stock’s mean locations
for both the Nushagak and the Egegik Districts are
relatively small (Figure 5).

Results for 1998 indicate relative positions aong
the sampling transect more closely resembling those of
1993. The Naknek-Kvichak Didtrict stock’sSMLE isthe
furthest offshore (6.7), the Egegik District stock’s
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MLE is the furthest inshore (4.3), and the stocks'
MLEs of the Nushagak and Ugashik Districts are in-
termediate (5.8 and 4.8, respectively). During 1998,
the variances of the posterior distributions for the
stocks of the Nushagak, Naknek-Kvichak, and Ugashik
Districts were al relatively small compared to the dif-
ferences in their MLEs (Figure 5).

In 1999, the stocks' MLEs of the Nushagak and
Ugashik Districts were further offshore (6.0 and 6.2,
respectively) than the stocks MLESs of the Egegik and
Naknek-Kvichak Districts (5.5 and 5.4, respectively).
In 1999, the posterior distributions of all stocks had
large variances relative to the differences in their
MLEs, but that of the Ugashik District stock is particu-
larly large (Figure 5).

In 2000, the entire run traveled much further off-
shore than in any other year, and spatia distributions
appeared to be more compact. However, asin 1999, the
stocks' MLEs of the Nushagak and Ugashik Districts
were further offshore (10.3 and 10.0, respectively) than
the stocks' MLEs of the Egegik and Naknek-Kvichak
Districts (9.8 and 8.8, respectively). The variances of
the posterior distributions for the Naknek-Kvichak
Didtrict, and particularly the Ugashik District stocks,
were large relative to the differences in their MLEs.

Overall, stock separation appeared to be in the
expected directions based on the final destination of
the stocks; the stocks of the Nushagak and Naknek-
Kvichak Districts tended to be located further offshore
than the stocks of the Egegik and Ugashik Districts,
although the spatial location of the Ugashik District’s
stock was the least discernable.

DISCUSSION

The spatia distributions of each district’s stocks along
the Port Moller sampling transect were subject to a
significant degree of annual variability (Figure 5).
However, several patterns are discernable. The
Nushagak District stocks tend to be located further
offshore and Egegik District stocks tend to be located
further inshore. These results were expected based on
the geographic destinations of those stocks (Figure 1),
as well as by the conclusions of Straty (1975). The
central location of the Naknek-Kvichak District stock
appears more variable, ranging from locations offshore
of the Nushagak District stock to approximately equal
to that of the Egegik District stock. The location of the
Ugashik District stock was not consistently
discernable, as evidenced by the large variance of the
posterior distributions. An additional observed trend
was that of the overall locations of the combined

stocks, which appear to be shifting further offshore
during the past severa years (Figure 5).

Two key questions arise with our interpretation of
these results: how unique is the age composition of
each stock, and what is the relative magnitude of each
stock? We found that the overall clarity of the poste-
rior distributions, as quantified by their standard devia-
tions, appear to be more dependent on the stock’s
relative magnitude than on their deviations from the
mean age composition. Even if the age composition
between stocksisidentical, the model will estimate the
positions of stocks based on abundance alone. In such
a case, there would be no basis for differentiation be-
tween them, so the resulting posterior distributions
would have identical parameters to that of the total
catch, even though they may actualy be spatialy sepa
rated. Extremely low relative magnitudes, however, re-
sult in the obvious ‘non-result’ of a near uniform
posterior distribution.

Although our results indicate that the migration
patterns of Bristol Bay’'s component stocks were not
consistent from year to year, we believe the exercise
to be valuable for several reasons. As more data from
the Port Moller test fishery become available, an iden-
tifiable pattern may emerge for sockeye salmon migrat-
ing to Bristol Bay. For example, results from these six
years suggest that separation may be greater in years
when ocean temperatures are warmer (Flynn and
Hilborn, unpublished data). The migrating salmon may
also be affected directly by temperature conditions, or
possibly by current regimes (Favorite and Ingraham
1972) or sdlinity distribution (D. E. Rogers, University
of Washington, Seattle, personal communication). Al-
though migration routes may not be consistent, they
may be consistently influenced by one or more easily
guantifiable factors, identifiable from the model’s re-
sults. Moreover, the model could easily be adapted to
interpret data from another test fishery, where more
consistent patterns may occur.

We believe that the model introduced herein pro-
vides a convenient method for interpreting the infor-
mation contained in abundance-at-age data. Asidefrom
the ease and economy of data acquisition, the involved
calculations are simple and the required computer code
can be written with little or no computer programming
experience. Age information may be used indepen-
dently, asin our example, or as an additiona source of
information to complement or compare to genetic or
scale pattern data. We urge readers not to overlook the
information contained in abundance-at-age data, which
may be valuable for modeling the distribution and
abundance of component stocks of migrating salmon.
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