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wild and hatchery stocks to the May 1982 troll
off the Washington coast were estimated by the

genetic stock identification (GSI) method. A description of the GSI method
was presented including the model and statistical procedure for obtaining
maximum likelihood estimates of stock contributions. A final data base for
analysis of this fishery (derived by identifying genetic variants expressed
in liver and heart tissues, and eliminating populations estimated to be
non-contributors) included 14 polymorphic loci from 49 stocks and 17 stock
groups from California through southern British Columbia. GSI estimates
from approximately 2,000 mixed fishery samples indicated that about 90% of
the catch originated from the Columbia River including a 76.5% total
contribution returning to the stock group of the Lower Columbia River and
Bonneville Pool areas. Separate analyses of catches from the northern and
southern areas indicated a much higher northern area representation of
Canadian (increasing from 1 to 22%) and Puget Sound (increasing from 1 to
9%) stock groups, and a substantially reduced contribution of the Lower
Columbia River and Bonneville Pool stock group (decreasing to 45.6% from
78.9%). Accuracy of GSI estimates compare favorably with average estimates
of previous years based on such information as abundances in terminal
areas, and analyses of scale, fin clipping, and coded wire tag data; the
data base was therefore regarded as adequate for analysis of this fishery.
Possible improvements in the procedure included more efficient sampling by
collecting tissues at landing sites rather than on shipboard and more
efficient analyses through a continual search to increase the number of
polymorphic loci.
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INTRODUCTION

Information on the stock composition of salmon fisheries is important

to many research and resource management efforts. Most notable are the

need to protect depressed wild and hatchery stocks from over-harvest while

maximizing the harvest of abundant ones, and the desire for equitable

allocation of catches among users. These objectives require knowledge of

stock contributions to specific fisheries, segments of these fisheries, and

ultimately to a large aggregate of fisheries. While standard stock

monitoring tools such as coded-wire tags (CWT) have resulted in

considerable data, the cost of a program to representatively tag all the

natural and hatchery stocks contributing to a large number of fisheries is

prohibitive.

A process that uses genetic differences among contributing populations

to identify compositions of stock mixtures has been envisioned for decades

(e.g. ) Ridgway 1957). However, this vision has only recently been

fulfilled through two necessary developments. First, a reliable set of

measurable genetic variants was needed to characterize populations; this

requirement was fulfilled through the application of electrophoretic

methods (Utter et al. 1974;  Allendorf and Utter 1979). The second was

development of statistical and data processing methods to estimate

individual stock contributions in mixed populations. Such a procedure, the

genetic stock identification (GSI) method, has recently been developed and

tested (Milner et al. 1981), and provides the first practical means of

gathering stock composition information on fisheries that harvest mixtures

of stocks of hatchery and wild origins.
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The GSI method was developed and tested by the National Marine

Fisheries Service (NNFS) with Bonneville Power Administration (BPA)

funding. The method is based on electrophoreticslly  detected differences

of genotypic frequencies between stocks (Milner 1977; Milner and Tee1 1979;

Milner et al. 1980 and 1981). Genotype frequency estimates are made (1)

for all major stocks expected to contribute to a fishery (referred to as

baseline data) and (2) for samples taken from the mixed fishery. Then

these two sets of genotype frequencies are used to obtain maximum

likelihood estimates of proportional stock contributions to the mixed

fishery catch (Milner et al. 1981).

Studies have resulted in the collection of an extensive genetic data

base on chinook salmon stocks of the Columbia River and its tributaries,

and for the first time, provided the capability for timely and accurate

estimates of stock composition in the chinook salmon fisheries of the

Columbia River. Fisheries agencies subsequently applied the GSI method to

several mixed stock problems in the management of Pacific salmon (Grant et

al. 1980;  Milner et al. 1980, 1981; Wishard 1980).

Quantifying the in-river harvest of depleted upriver chinook salmon

stocks for conservation purposes is only part of the information necessary

for their adequate protection. Comprehensive strategies to ensure the

continued visbility of such stocks also require knowledge of their harvest

in various ocean fisheries (WDF 81, PFMC 81, N.W. Power Planning Council

82).

Thus, genetic profiles of non-Columbia River stocks were needed to

make the GSI method applicable to coastal chinook salmon fisheries.

Therefore, the objectives of the studies reported here were to: (1) extend
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the genetic data base to include major coastal stocks which contribute to

ocean fisheries harvesting Columbia River fish and (2) to apply the GSI

method to the May 1982 Washington troll fisheries and obtain comprehensive

estimates of its stock composition.

METHODS AND MATERIALS

Baseline Sampling

The baseline sample collection ranged from California through British

Columbia. Samples (81). grouped by geographical area and run time, i.e.,

summer (SU),  fall (F), and spring (SP), are given in Tables 1 (Columbia

River) and 2 (non-Columbia River). Both hatchery and wild fish were

sampled for eye, liver, heart, and skeletal muscle tissues. Tissue samples

were immediately frozen on dry ice and shipped to the NMFS genetics

laboratory at the Marine Experimental Station, Manchester, Washington,

where they were stored for 1-12 weeks at -90°C prior to electrophoretic

analysis.

Mixed Fishery Sampling

Sampling of the Washington May troll fishery covered the range of the

fishery, from Cape Falcon, Oregon, to the Strait of Juan de Fuca (Figure

1). The fishery was sampled with the aid of 15 commercial troll vessels

chosen to provide representative sampling of the four fishing areas, and on

the basis of the skipper's willingness to collect the tissue samples.

Heart and liver samples were collected from 2508 fish on board the

vessels. Individual bagging and labeling of the samples allowed the

3



Table I.--Baseline sampling locations by stock group for wild and hatchery
populations of Columbia and Snake River chinook salmon.

Lower Columbia Spring
River (Cowlitz/Kalama)
Lower Columbia Spring
River (Willamette)
Upper Columbia River Spring

Snake River Spring

Lower Columbia River Fall
& Bonneville Pool

Upper Columbia &
Snake Rivers

Fall

Wells Dam
McCall-South Fork Salmon
Johnson Creek-South Fork Salmon

Cowlitz
Kalama
Eagle Creek - Willamette
McKenzie - Willamette
Wind
Little White Salmon
Klickitat
Warm Springs - Deschutes
Round Butte - Deschutes
Icicle - Wenatchee
Methow (Winthrop)

Red River-South Fork Clearwater
Sawtooth-Upper Salmon
Rapid River - Little Salmon
Valley Creek-Upper Salmon

Big Creek
Cowlitz
Kalama
Lewis
Washoqal
Little White Salmon
Spring Creek

W/H
W
w

H
H
H
H
H
H
H
W
H
H
H

W
W
H
W

H
H
H
H
H
H
H

wDeschutes
Priest Rapids Dam & Hanford Reach W/H
Ice Harbor Dam W

a/ W = wild or naturally spawning stock, H = established hatchery stock, W/H =
includes both wild and hatchery fish.



Table 2.--Baseline sampling locations by stock group for wild and hatchery
populations of non-Columbia River chinook salmon.

California Fall Coleman (late) - Sacramento W
Mokelumne - Sacramento H
Nimbus - Sacramento H
Feather - Sacramento H
Coleman (Battle Creek) - Sacramento H
Iron Gate - Klamath H
Trinity - Klamath H

California Spring

Oregon coastal Fall

Oregon coastal Spring

Washington coastal Fall

Feather - Sacramento H
Trinity - Klamath H

Chetco
Elk
Sixes estuary
Coquille estuary
Suislaw Bay
Alsea Bay
Fall Creek - Alsea
Siletz estuary
Salmon
Nestucca Bay
Cedar Creek - Nestucca
Trask
Tillamook Bay
Nehalem estuary

W
H
w
W
W
W
H
W
H
w
H
H
W
w

Cole Rivers - Rogue H
Rock Creek - Umpqua H
Cedar Creek - Nestucca H
Trask H

Naselle H
Nemah H
Humptulips H
Quinault H
Queets W
Hoh w
Soleduck H

Washington coastal Spring & Soleduck H
summer Soleduck H

a/ W = wild or naturally spawning stock, H = established hatchery stock, W/H =
includes both wild and hatchery fish.
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Table 2.--cont.

Puget Sound

Puget Sound

British Columbia Fall

Fraser River

Fall Elwha
Hood Canal (Hoodsport)
Deschutes
Green River
Samish

Skykomish
Skagi t
Nooksack

Big Qualicum
Puntledge
Quins am
Robertson Creek
San Juan
Capilano

Clearwater
Chilco
Stuart

W
W
W

a/ W = wild or naturally spawning stock, H = established hatchery stock, W/H =
includes both wild and hatchery fish.
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identification of the fishing area in which each fish was caught. The

tissues were placed on ice immediately upon collection and frozen and

stored on dry ice at the end of each day to prevent denaturing of proteins

during on board storage. Fishing trips lasted from one to several days.

When the vessels returned to port, Washington Department of Fisheries (WDF)

personnel collected the bagged samples and stored them in port freezer

facilities until they were packed on dry ice and shipped weekly to the

Manchester laboratory for storage.

Electrophoresis

Protein extraction procedures and electrophoretic  methods followed May

et al. (1979). Three buffer systems were used: (1) gel, 1:4 dilution of

electrode solution, electrode, TRIS (0.18 m), boric acid (0.1 m) with EDTA

(0.004 m). pH 8.5 (Markert and Faulhaber 1965); (2) gel, 1:20 dilution of

electrode solution, electrode, citric acid (0.04 m), adjusted to pH 6.5

with N-(3- aminopropyl)-morpholine  (Clayton and Tretiak, 1972) with EDTA

(0.01 m); and (3) gel, TRIS (0.03 m), citric acid (0.005 m). pH 8.5,

electrode, lithium hydroxide (0.06 m), boric acid (0.3 m) (Ridgway et al.

1970) with EDTA (0.01 m). Gels consisted of a mix of the appropriate

buffers and 13% hydrolyzed potato starch (Electrostarch, Madison,

Wisconsin, Lot 307)1/. Histochemicial staining methods for enzymes

followed Harris and Hopkinson (1976).

The intensity of electrophoretic  examination differed for baseline and

mixed fishery samples, Baseline samples were screened for genetic

variation in all 4 tissues including 17 protein systems representing 31

loci (Table 3). This screening resulted in the identification of 14

1/ Reference to trade name does not imply endorsement by the National
Marine Fisheries Service, NOAA.
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Table 3.--Proteins (Enzyme Commission number), loci and variants alleles,
tissues, and buffers used in the study. Tissues: E, eye; L,
liver ; H, heart; and M, skeletal muscle. Buffer designation
numbers correspond with those in the text.

Acid phosphatase
(3.1.3.2)

Aconitase
(4.2.1.3)

Adenosine deaminase
(3.5.4.4)

Alcohol dehydrogenase
(l./.l.l)

Creatine kinase
(2.7.3.2)

Glucose phosphate isomerase
(5.3.1.9)

Glutamate-oxalacetate
transaminase

(2.6.1.1)
Glycerol-3-phosphate
dehydrogenase

(1.1.1.8)

Isocitrate  dehydrogense
(1.1.1.42)

Lactate dehydrogenase
(1.1.1.27)

Malate dehydrogenase
(1.1.1.37)

Mannose phosphate isomerase
(5.3.1.8)

Peptidase
(3.4.11)

Phosphoglucomutase
(2.7.5.1)

Phosphogluconate dehydrogenase
(1.1.1.44)

Phosphoglycerate kinase
(2.7.2.3)

Superoxide dismutase
(1.15.1.1)

ACP L

ACON-1(69,86,108,116) L

ADA-l (83)
ADA-2 (105)
ADH (-52)

E,H,M
E,H,M
L

CK-1 (113)
CK-2 (69)
GPI-1 (60)
GPI-2 (30,60,105)
GPI-3 (93,105)

M
M
M
M
E,M

GOT-l.2 (85,105)
GOT-3 (90)

H,M
E

GPD-1
GPD-2
GPD-3
GPD-4
ICD-3,4 (50,74,127,142)

H,M
H,M
H,M
H,M
E,L,H,M

LDH-3
LDH-4 (71,120,153)
LDH-5 (70.90)
MDH-1.2 (27,- 45,120)
MDH-3,4 (70,83,121)
MPI (95,109,113)

E,H,M
E,L,M
E
L,H,M
E,H,M
E,L,H,M

PEP-1 (90)
PEP-2 (70,105)
PEP-3 (45,130)
PGM (-60,-75)

E,H,M
E
E,H,M
E,L,H,M

PGD (90)

PGK-2 (90)

SOD-l (-260,560,1250)
SOD-2 (142)

L,H,M

E,L,M

L
H

2

2

1

2

3

3

1

2

2

1

2

1

173

2

2

2

1
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polymorphic loci expressed in the liver and heart that provided the basis

of the mixed fishery analyses. The system of locus and allelic

nomenclature followed Allendorf and Utter (1979) and May (1980).

Mixed Fishery Model

A mixed stock fishery consists of some number of fish, N, with a

number of genotypes, g. distributed among the N fish such that there is

Yf (i=l,2,..., g) fish with the ith genotype and Yi=N. Each of s

stocks contribute *ij (j=l,Z,...,s) fish with the ith genotype to the

fishery. The number of fish with the ith genotype (yi) is equal to the

sum of the contributions of ith genotype fish from all of the stocks, and,

by summing over the genotypes, the mixed fishery model is described by the

following:

In the following discussion, ith should be obvious whether actual or

estimated parameters are being considered, and, therefore, no distinction

in symbolism is made.

In using the model to estimate the contribution of each population to

a mixed fishery, both the mixed fishery and each of the contributing

populations are sampled. The number of fish in the mixed fishery with each

genotype (yi) is estimated by observing the number of fish having each of

the g genotypes in the fishery sample. The proportion of fish having the

ith genotype in each of the s stocks, xij ' is estimated by observing

this proportion in a sample from each of the stocks. The latter data set

is referred to as baseline data. The remaining parameter, which is the one

10



we wish to estimate, is the number of fish contributed by each stock. A

well know" technique in the discipline of population genetics, referred to

as the gene-counting method (Ceppellini  et al. 1955; Elandt-Johnson 1971)

and more generally as the EM algorithm (Dempster et al. 1977) was adapted

and used to obtain maximum likelihood (ML) estimates of the contributions

of stocks to a fishery.

The EM Algorithm

The EM algorithm is a general and broadly applicable iterative

procedure for obtaining ML estimates (Dempster et al. 1977). The name EM

algorithm is derived from the two steps, expectation (E) and maximization

(M). used in each iteration of the algorithm to finally arrive at the

desired maximum likelihood estimates. In a generalized example of the

procedure (Table 4) yi and xij are values respectively observed in

samples from the mixed fishery and the baseline populations. These values

are used to estimate the 8.J' i.e., the proportional contributions of each

of the contributing stocks. Suppose that each yi set of fish is composed

of nij fish from the jth stock and having the ith genotype. Then if one

knew the nij the estimates of the j would be

But the nij are not know" separately, i.e., we can not distinguish

between these groups of fish. If the Oj were know", then one would

11



Table 4.--Generalized notation for values used with the EM algorithm.
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I" fact, this is what we wish to estimate. The algorithm takes the

approach of dividing the observed data values (yi) into their underlying

numbers of fish from each contributing stock (nij) according to their

expected proportions (the expectation step),

This process is repeated until the absolute

difference between successive estimates converge, i.e.,

Figure 2 is summary of the flow of events used to program

the EM algorithm for computer application.

Variances of ML Estimates

It was show" by R.A. Fisher that the asymptotic variances and

covariances of ML estimates are given by:

(Kempthorne 1973).

In this formula, L is the likelihood function, f(y

I
8) = (N!/;yi!)

by using the ML estimates. With sufficiently large sample sizes, the

resulting variances represent their lower bounds.

In this study, the baseline genotypic frequencies were considered

Therefore, variances calculated by the above method did

not include variation associated with the estimates of the baseline

genotypic frequencies.

13





Methods for including this component of variation (e.g., Pella and

Robertson 1979). would greatly increase storage and processing time

requirements for computer analysis to the extent of making it impractical

for routine use--particularly for applications on the scale of this study.

Thus, a better strategy is to minimize this source of variation by using

sufficiently large baseline sample sizes.

RESULTS

Baseline Data

Allelic frequencies for 31 loci and 81 stocks are given in Appendix A.

The subset of 14 polymorphic loci used in the mixed fishery analysis

included: ACON; ADA-l; GOT-1,2; GPI-3; ICD-3.4; LDH-4; MDH-1,2; MDH-3,4;

MPI; PEP-l; PEP-3; PGM; PGK-2; and SOD-l.

The existence of genetic variation among stocks is necessary for

analysis of mixed stock fisheries using the GSI method. We have chosen

Nei's (1972) genetic distance to describe the between and within group

genetic variation based on the loci listed above. Between group genetic

distances for 17 stock groups are given in Table 5.

The between group statistic is a measure of the genetic distance

between pairs of groups. These distances ranged from 0.0000 to 0.0737 and

averaged 0.0205. The average between group value for each of the 17 stock

groups is given in Table 6. Five groups were in the low range (0.0082 -

0.0151) for this value relative to the other groups: upper Columbia River

(SU), Washington coastal (F), Washington coastal (SP & SU), Oregon coastal

15





Table 6.--Within group and average between group genetic distances using
data from 14 polymorphic loci.

Up. Columbia River
Puget Sound
Low. Columbia River
(COW/Kal)
Low. Columbia River
(Willamette)
Up. Columbia River
Snake River
Low. Columbia River
Up. Columbia and
Snake Rivers
California
California
Oregon Coastal
Oregon Coastal
Washington Coastal
Washington Coastal
Puget Sound
British Columbia
Fraser River

SU
SU

SP

SP
SP
SP
F

F
F
SP
F
SP
F
SP & SU
F
F
SU

0.0380 0.0330
0.0067 0.0186

0.0015 0.0220

0.0017 0.0358
0.0115 0.0232
0.0019 0.0294
0.0051 0.0228

0.0044 0.0128
0.0182 0.0161
0.0382 0.0179
0.0050 0.0181
0.0077 0.0132
0.0070 0.0151
0.0095 0.0082
0.0100 0.0232
0.0154 0.0278
0.0008 0.0134

SP = spring, SU = summer, and F = fall.
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(SF), and Fraser River (SU). Three Columbia River drainage and the British

Columbia groups were in the high range (> 0.0275): upper Columbia River

(SU), lower Columbia River (Willamette SP), Snake River (SU),  and British

Columbia (F). The remaining stock groups were intermediate (0.0161 -

0.0232).

The within group statistic is a measure of the genetic distance

between stocks within groups. This measure gives a rough indication of the

amount of genetic heterogeneity due to stock differences within groups.

Values ranged from 0.0015 to 0.0382 and averaged 0.0112. Two groups, upper

Columbia River (SU) and California (SP), displayed noticeably higher values

(0.0380 and 0.0382) relative to the other groups. By contrast the lowest

within group distances ranged from 0.0015 to 0.0019 for three spring run

groups: the lower Columbia River (Willamette and Cowlitz/Kalama) and the

Snake River. The rest of the groups ranged from 0.0044 to 0.0184.

The results presented here give some idea of the amount of genetic

variation and its structure that is necessary to obtain estimates of stock

group composition with a similar level of precision. In general, given

proper sample sizes, estimates with the highest levels of precision are

obtained for groups with high between group combined with low within group

genetic distances.

Estimates of Stock Group Contributions

The inclusion of baseline stocks that do not contribute to the mixed

fishery complicates the analysis and leads to inflated variances of the

estimates. To deal with this problem, we first obtained estimates for each

of the four fishing areas and for the entire fishery using 81 stocks. Then

stocks having estimates of zero (0.0000) contributions to all individual

areas as well as to the total catch were removed from the baseline data

18



set. This resulted in 49 stocks representing the 17 groups.

Each group was represented by at least one stock, e.g., upper Columbia

River (SU), and some were represented by as many as five stocks, e.g.,

lower Columbia River/Bonneville Pool (F), California (F), and Washington

coastal (F). The results presented below are based on the reduced set of

baseline stocks.

Tissue samples were collected from 2,508 fish caught in the troll

fishery. However, the distribution of these samples by fishing areas was

not proportionate to the actual numbers of fish caught by areas.

Therefore, a proportionate random subsampling was made from each area which

resulted in an adjusted total sample size of 1,857 fish.

The seven stock groups from the Columbia River drainage were estimated

to account for 90.9% of the catch (Table 7). Among these groups, the lower

Columbia River/Bonneville Pool (F) group was by far the major contributor

(76.5%) to the fishery. The three spring run groups (excluding the Snake

River) and the fall run group from the upper Columbia and Snake Rivers

individually contributed an estimated 2-5% for a combined contribution of

13.7%. The summer run group from the upper Columbia River and the spring

run from the Snake River contributed negligibly (less than 0.5% each) to

the total catch.

A comparison was made of the contributions of the three stocks of

bright fall run fish comprising the upper Columbia and Snake Rivers stock

group because of the interest this group generates due to the high quality

of its fish in-river and to the diminishing run strength of the Snake River

component. The results were surprising: the Snake River component was the

predominant contributor, 3.5% (sd = 0.4), and the two other stocks,
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Southern areas Northern areas Total
Percent"' - Percent!?/ Percent"/

contribution contribution contribution
Stock group Run (standard deviation) (standard deviation) (standard deviation)

Lower Columbia River & Fall
Bonneville Pool

Lower Columbia River
(Willamette)

Spring

Lower Columbia River
(Cowlitz & Kalama)

Spring

Upper Columbia River Fall
(including Snake River
component)

Upper Columbia River Spring

g
Upper Columbia River Summer

Snake River Spring
Total Columbia River

California

California

Oregon Coastal

Oregon Coastal

Washington Coastal

Washington Coastal

Fall

Spring

Fall

Spring

Fall

Spring and
Summer

78.2         (0.4)             45.6       (8.1)         76.5       (0.5)

2.3        (0.2)           0.1       (3.8)       1.9       (0.2)

3.2        (0.8)             2.1       (11.3)       5.1          (0.8)

3.4         (0.8)              6.3         (10.3)        4.3          (1.1)

1.2        (0.4)              0.2         (11.5)         2.4          (0.4)

0.6        (0.7)              2.3          (4.1)         0.3          (0.3)

0.0         (0.2)              0.1        (1.8)       0.4          (0.2)
88.9        (0.9)              56.7          (12.3)       90.9         (2.0)

4.2 (0.9)

1.1 (0.3)

0.3 (1.0)

2.5 (1.3)

0.2 (2.0)

0.8 (1.0)

0.5 (0.9)

0.1 (0.6)

4.3 (14.1) 2.5 (1.4)

0.2 (7.3) 0.3 (0.3)

2.1 (8.5) 0.2 (0.7)

2.6 (18.1) 1.4 (1.0)

1.7 (6.0) 0.3 (1.4)

1.8 (12.7) 1.0 (0.8)

6.0

2.7

(4.5)

(6.2)

1.6 (0.9)

0.2 (0.5)



Table 7.--cont.

Stock group Run

Southern areas
Percenta/

contribution
(standard deviation)

Northern areas
PercentE~
contribution

(standard deviation)

Total
Percents

contribution
(standard deviation)

Southern British
Columbia

1.3 (0.6) 15.1 (6.2) 1.4 (0.6)

Fraser River Summer
Total non-Columbia River

0.0 (0.4) 6.9 (2.3) 0.2
11.0 (1.3)

(0.3)
43.4 (12.7) 9.1 (2.0)

a/ Based on total samples from Columbia River and Grays Harbor areas (N-1917).

,"
k/ Based on total samples from Cape Flattery area (N=448).
c/ Based on proportionate subsampling of fish from all areas (N=1857).



Deschutes (Oregon) and upper Columbia Rivers, accounted for only 0.2% (sd =

0.6) and 0.6% (sd = 0.5) of the total catch, respectively.

Only a very minor proportion of the catch (9.1%) was attributable to

groups from non-Columbia River drainages. Among these, the California (F)

group was most heavily represented providing an estimated 2.5% of the total

catch. The contributions of the remaining nine groups ranged from 0.3 to

1.6%.

Northern and Southern Fishing Areas

The nonrepresentative distribution of GSI samples relative to the

total catch required the omission of the small Quillayute sample (N=143)

and the use of only the Cape Flattery sample (N=448) to estimate the stock

group composition of the catch of the northern part of the fishery.

Estimates for the southern area were obtained from the combined samples

(N=1,917) taken from the Columbia River and Grays Harbor fishing areas.

The percentage contribution of stock groups from the Columbia River

drainage was much higher in the southern (88.9%) than in the northern

(56.7%) catch (Table 7). This difference was due mainly to a 71.5%

increased contribution of the Columbia River/Bonneville Pool (F) group to

the southern than to the northern area. The reduced catch of Columbia

River fish in the north was accompanied by higher representation of

Canadian (increasing from 1.39 to 22.00%) and Puget Sound (increasing from

0.69 to 8.69%) stock groups. No other major differences between the two

areas were identified.

The individual contributions to northern or southern catches of stocks

from non-Columbia River drainage (excluding Puget Sound and Canada) were

small ranging from 0.20 to 4.30%.

22



DISCUSSION

This study provided the most thorough estimate of the stock

compositon of any salmonid ocean fishery to date. The baseline data were

comprehensive and provided good resolution of stock contributions.

However, areas for improvement were revealed during the study which would

increase the potential value of future applications of the GSI not only for

this fishery but also for a wide range of other stock estimation problems.

Evaluation of GSI Estimates

Evaluation of the GSI estimates is based on precision and accuracy.

Precision is the expected degree of agreement among estimates that would be

obtained by repeated sampling of the same population, whereas accuracy

describes the closeness of an estimate to its true value.

Estimated standard deviations presented are generally conservative

measures of precision of the GSI estimates of contribution. In previous

Monte Carlo tests (Milner et al. 1981), actual standard deviations were

smaller than those calculated with the statistic used in these study

results, particularly when associated with small sample sizes and/or very

small contributions. Standard deviations for the estimated contributions

to the total catch range from less than 1% of the estimate for the major

contributing (76.5%) stock group to over 100% for groups contributing at

very low levels (< 0.3%). The standard deviations of the three stock

groups with 4% or more contribution range from 1 to 26% of their estimates.
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Accuracy of estimates of stock contribution is more difficult to

evaluate quantitatively than precision. However, a generalized qualitative

evaluation may be made through comparison of the GSI estimates with the

general conception of stock composition of the ocean troll catch based upon

various sources of stock specific information including relative abundance

in terminal areas, scale analysis, and information provided by fin clipping

and CWT experiments. Wright (1976) has estimated on a composite, average

seasonal basis, the contribution of major stock groups to the total

Washington troll catch. These estimates  along with those  of this study  are

tabulated below:

Estimated contribution (%)

Stock group Wright GSI-

Columbia  River (F) 70 81

Columbia River (SP & SU) 10 10

Washington & Oregon coastal 10 3

Puget Sound & Canadian 5 3

California 5 3

Comparison of the two sets of estimates shows that they are in good

general agreement. Results from CWT experiments have established that the

Columbia River (F) groups' contributions to the 1982 fishery and to

terminal returns was above average. Consequently, it is not surprising

that the Columbia River (F) groups contributed above the seasonal average

to the 1982 harvest.

Comprehensive and representative sampling is a critical factor that

determines the reliability of the information obtained using the GSI
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method. The set of baseline data used for this study has been scrutinized

for its adequacy in representing all major stock groups that are potential

contributors. The dependability of these estimates is supported by the

Columbia River stock group being both the most comprehensively sampled of

all groups included in the set of baseline data and the principal component

of the May troll chinook salmon harvest. Baseline data for stock groups

outside the Columbia River drainage appeared adequate in representation for

their apparently small contribution, but additional sampling of critical

management stocks (e.g., Washington coastal) would be desirable for future

analysis.

Improvement of the GSI Method

In the future, applications of the GSI method will extend to many new

fisheries and to in-season use of the estimates for making regulatory

decisions. It is important that this challenging future be met with

continued improvement in the method's implementation. Following is a

consideration of several recommended improvements.

The method used in this study to sample the mixed fishery was not

flexible enough to permit adjustments when unanticipated changes in the

fishery occurred during the season. We depended on a limited, pre-arranged

set of volunteer vessels to collect hearts and livers at sea. when poor

weather and fishing caused much of the fleet to shift to the south, desired

sample sizes from the northern areas could not be obtained. The sampling

of only a portion of the fleet also resulted in a total sample that was not

representative of the area distribution of the catch. Correcting for this

deficiency resulted in a reduced sample size.

25



A more effective method of sampling is to collect tisues in the ports

a s the fish are sold to buyers. Port sampling allows for greater

flexibility in study design and a much better opportunity to reach sample

size goals. Sampling rates can be set for the specific segments of the

fishery for which estimates are desired (for example, fishing area or gear

type), and sampling effort can be adjusted in season in response to fishery

dynamics to reach these goals. Proper deployment of samplers would result

in a larger sample and one that is more representative of the actual

harvest. Tissue collections could also be integrated with ongoing programs

of harvest monitoring in the ports.

Application of the GSI method requires selection of the tissue or

tissues best suited to the specific circumstances. Because fish caught in

coastal commercial fisheries are dressed at sea, port sampling would

preclude the use of heart or liver tissues. Those available would include

eye, kidney, and muscle. A" example of a very different situation is the

harvest of spring chinook salmon in the winter gillnet fishery in the lower

Columbia River. Fish caught are dressed in processing plants making

visceral tissues the most accessible for sampling. I" planning

applications, computer simulations should be used to evaluate the stock

identification information provided by protein variants in various tissue

combinations in the context of sampling practicality. It follows that the

examination of additional tissues beyond those used in this study is

important to make the GSI method more versatile.

Another extremely effective improvement is the addition of new genetic

loci to the data base. New loci are added by adapting histochemical

staining procedures used i n  biochemical and genetic research involving
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other species. The increase in detectable genetic variation through the

addition of new loci results in more accurate and precise GSI estimates.

This gain is illustrated by the results of a simulation using actual data

from Columbia River chinook salmon (Figures 3 and 4). A 60% increase in

accuracy was realized by increasing the number of loci from 10 to 25

(Figure 3). Similarly, a 90% increase in precision was obtained by

increasing the number of loci from 15 to 25 (Figure 4). The latter result

is significant because increased precision means increased reliability of

stock composition estimates and/or reduced mixed fishery sample sizes.

Smaller sample sizes not only reduces cost but are particularly important

when fast information retrieval is required.

The addition of new loci requires much less effort if high quality

baseline tissue samples are on hand. Therefore, improved techniques for

long term sample storage would greatly reduce the need for repeated

baseline sampling, a major initial cost of the GSI method. Other technical

achievements relevant to in-season use of the data include more efficient

methods for the entry and handling of large quantities of data.
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APPENDIX A

CHINOOK SALMON ALLELE FREQUENCIES






























































































































