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ABSTRACT

Scale pattern analysis with linear discriminant functions was used to examine

 the probable fate of sockeye salmon fry spawned upstream of Curry Station on

the Susitna River., Scale samples were taken from sockeye salmon collected at
Talkeetna Station, at Curry Station,_ from the :I‘okositna River, and from the
confluence of the outlet from Larson Lake and the Talkeetna River. Fish aged
1.3 agominate the samples and are used in the analysis, Crowth during the
first season of life (1977) is the most discriminating scale pattern véariacle.
Scale patterns from fish sampled at Tokositna River and at Larson Lake are
most ditferent. Fish from Laréon Lake grew slower for a longer period of time
than did fish frem the Tokositna River. Fish frem Talkeetna Statich on the
Susitna River are more like fish sampled -a_t' Larsén Lake on the Talkeetna
River. Fish from Curry Station are misclassified as being frcm Tokositna
River or from Larson Lake more often than from upstream of Curry Station.
Socke'ye salmon passing Curry Station afe probably not a separate stock, but
are strays from Talkeetna and Chulitna Ri{iers. Fry hatcned upstream of Curry

Station most probably die or move to the lower Susitna to rear.

-iii-
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INTRODUCTION

The Adult Anadromous Fisheries Studies of the Susitna Hydroelectric Project,
Alaska Department of Fish anu Came is charced with describing the fisneries
rescurces in the Susitna River with estimating probable impacts of proposec
cdams in the upper river. To meet this end, personnel of the Departmént
conducted extensive field studies on the Susitna River in 1981; Field
sampling in 1982 was altered to provide information not obtained throucgh the
program in 1981, This report, authored by persorinel of the Statewide Biology
Grecup in cooperation with the Adult Anadromous Fisheries Project, contains

analysis of this new intormation.

Althougnh an estimated 2,804 sockeye salmon (Qneoryvnchus perka) passed Curry
Station in 1981 (ADFG 1981l), no notable fry rearing activity was observed
north of this station that year (Bruce Barrett, personal communication).
About 98.5 percent of the sockeye acdults caught at Curry Station have at least
one freslwater check on their scales. If the spawn of the sockeye salmon
that passed Curry Station did not remain upstream of this station to rear,

then where did they go?

In 1962, personnel ci the Acult Mnedromous Fisheries Project collectec scales
from sockeye salmon acults from four sites in the Susitna River watershed anc
gave these scales to the Statewlae Stock Biology CGroup for analvsis. To
indicate possible rearing locations for tfry, we searched f_or' similarities and

differences among scales patterns with linear discriminant analysis.



METHODS
Sample Collection:

Scales were taken from escapenients of sockeye salmon at Curry Station on thé
Susitna River, at Talkeetna Station, at the confluence of the outlet from
Larson Lake and the Talkeetna Rivier,' and at the Tokositna River wiich is a
tributary to the Chulitna River (Figure 1l). Sockeye salmon were collected
with fish wheels at Curry and Talkeetna Statioﬁs. - Scales were collected from
the lett side of the fish approx_imately two rows above the lateral line and on
tne aizgonal row cownward from the posterior insertion of the corsal fin

(IPFC 1961).
Age C ition:

Sockeye salmon ages weﬁfe determihécl through visual exaﬁination of scale
samples. Scales were mounted on gum cards and impressions were made in
cevllulose acetate (Clutﬁer and Whitesel 1956). Ages were recorced in
Eurcpeand notation, Eecause 1.3 fish predominate in thé samples, only scales

from these fish are used in the analysis.

1 European-tformula: Iiumerals preceeding the decimal refer to the number of
frestwater annuli; numerals following the uecimal are the number of marine
annuli. Total age is tne sum of these two numoers plus 1.
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Figure 1. Map of Susitna River and sampling sites for sockeye salmon in 1982.



Compari [_Scale Lns;
Sczle lieasurenents:

“Scale impressions were Illilgl'lificd to 100 power and projected onto a digitizing
tablet using equipmert similar to that described by Ryan and Christie (1976).
Data were recorded onto computer ‘diskett"e's from Ehe digitizer tablet under
contrel of a FORTRAN program executing on a microcomputer. Scale measurements
were taken along a standarcizét axié appro#imately 20 degrees off the primary
axis and perpendicular to the scul;.;.\ttiréd field. "The distance between cach
circulus in each oL three gcale jattern zones was méauured.- The zones were:
scale rocus to the last circglué of the first freshwater annulus; the last
circulus of the first freshwater annulus to the last circulus of.. the second
freshwater annulus (the zone of glus growth); the last circulus of the second
freshwater anhulus to the la;gt circulus of the tfirst marine annulus. The
three zones .arei_'shown in a ph.o‘tograph of a scale from an age 1.3 sockeye'
salmon {Figure 2). A set of 1l veriables was then computed for each of these
three zores (Table 1). *:Only-nomﬁlly distributed variables were used to build

linear discriminant functions.

Although all scales were aged, not all 's‘cales were measured., Scales from
sockeye salmon other than age 1.3 were not measured.. I\l_sd, no more than 10C0
randonly selected scales were measured from each sample; 100 15 a number
sufficiently large for ‘]‘.ﬁinear discriminant analysis. If a sample contains
less than 100 scales Lrcm l‘.'} tish, as o sanples frcem Curry Station and from

Tokositna River, all usable scales were measured.

WP
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Figure 2.

Photograph of a sockeye salmon scale showing the three zones

measured.
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Table 1, Variables camputed from scale patterns for inclusion in the linear
ciscriminent functicn analysis.

Variable HNane

Desecription

ne(i) Y/
ID(i)

TO(1)

" FOUR(i)

;\Q ]

5I3(1)
LIGHT (1)

LII(1)

LA (1)

LI (1)

Hael 1)

LICH (1)

LELGLL

Iawber of ¢irculi in zone (i).

licasured size of zone (i).

Distance fram the beginning of zone (i) to tie
scecond circulus of zone (i).

Distance fram the beginning of zone (i) to the
rourtn circulus of zone (i). '

Distance fran the beginning of zone (i) to tiw -«
sinch circulus or zone (i). :

Distaice £ram the beginning of zone (i) to tire
eigntn circulus of zohe (i).

Distance between the two closest circuli in zone

(1).

The maximum cistance between two contiquous circuil
in zone (1).

The distance from the beginniing of the zone (i) to the
first circuius of variable iiIli(1) in zone (i).

The distance fraa the béginning of zone (i) to the
tirst circulus of variable 2% (i) in zone (i).

The nuuber of circuli in the first halr of zone (i).

The rork lengti of the fish,

1/ there i=1,2,3.
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Classification latrices:

Scale Patterns for sockeye salmon from each sample were compared with linear }
discriminant function analysis (Fisher 1336; Dixon and Erown 1976). To build
a single discriminate function, a stepwise procedure was used to select those
scale pattern variables with the most discriminating power. Variables were
addied to the function until those remaining could not meet Ehe criterion for
inclusion (a F ratio set at 4). To build a single classification matrix for

all stocks, a jackknife procedure was used.2

Classitication matrices were built for a Talkeetna-Curry-Tokositna-Larson
camparison, for a Curry-Tokositna-Larson comparison, and for all possible
two-way comparisons among samples from Curry Station, Tokositna River, and
Larson Lake. Samples from Talkeetna Station were not used in any three-way or
two-way comparisons because these samples coulc have contained fish that

migrated on to Curry Station.

2 A discriminate function is built on scale variables for all sanpled fish
but one. The function is then used to classify the stock of that one fish.
Since tile stock of that one fish is known, so therefore is the verity of its
classification. The procedure is then repeated only with a new fish excluded.
The jackknife procedure continues until all sampled fish are classified.



RESULTS
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Or;‘the 853 sockeye sampleu, over t\vo;tlxirds are age 1.3 tish ‘(‘Table 2). This
dominance is consistant over all sampling sites save Curry Station where ages
are almost evenly distributea; llowever, the age composition of the tish
sampled at Curry Station is probably. a poor estimate of the age composition of
the sockeye salmon :that passed th‘is station because the sample is small and
was taken over a 59%9-uay peribd. Mthoughmore fish were sampled at Talkeetna
Station, tne s.;u-@i ing periou is long here also anu atfects the precision ot

the estimate of age composition of fish that passec this station as well.

Variaple Selection:

viost scale ‘pattern varidbLgs in the ::amplos are normally distributed {e.d.,
Figure 3). Each of the two most uimrimi’riatirig variables (SIXl anc NCl) have
similar stanuard ciéﬁaticns in sanples from Talkéetna Staticn, Tokositna
: River, and Larson>Lake, but have different means (Table 3). For both these
variables, their distributi<: ... the sample from Curry Staticn 1s somewnat

bimodal, especially for SIX1.
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Age compositicn orf socheye salumon samples from Qurry Station, Talkeetna Station, Larson
Lake (Lalkeetnz River), anu Tokositna River (tribuctary to Chulitna River).

1.3

Location ‘Potal 1.2 Sampleu Digitized Other Pate Sampled
Curry Statiaa 110 30 43 43 : 37 7/11 - 8/28/82
Talkeetra Staticn 378 56 291 100 31 6/7 - 9/9/82
Tokositia River 165 66 97 54 2 8/7 - 8/8/82
Larson/Talkeetna 13¢ 31 147 100 2 8/6/82

Coni'luence - - — _ _
ToE;I__---_— 853 203 578 337 72
I; Sc;le pattern variable_;easurec. o

e
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Figure 3. Frequency histograms of the most discriminating scale pattern
variables used to compare stocks of sockeye salmon from within

the Susitna River in 1982.
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Mean values and standarc deviations of normally distributed scale pattern variables. 1/

Table 3.

| Tokositna River

Talkeetna St.

Larson/Talkeetna

Curry St.

Variable

Standard
Deviation

Standard

Deviation

Mean

lHean

Standard
Deviation

Standard

Deviation

llean

IMean

318613849148338869917916694393
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1/ Eased on 100 fish sampled at Talkeetna staticn, 43 fish at Curry Station, 94 fish at Tokositna River,

and 100 at the confluence of the outlet from Larson Lake and the Talkeetna River.



Classification Accuracys:

The overall accuracy of the four—way,model {all éamples included) is almost 50
cercent (Table 4). Fish from Larson Lake are most like those frém Talkeetna
Station while fish tfrom Tokositna River arc more unigue. Fisoh frem Curry
Station are most otten minclauuiLind adg beinyg Lrom cithcr;Téﬁositna River or
Largon Lake and are misclausitied more often than not, Cuesssing at the
origin of fish among four stocks would produce 25 percent accuracy; the
accuracy tor fish from Curry'Station is little better than cuessing while

accuracy for the other samples is two to three times better.

The overall accuracy of the thregfway mocel (Curry-Tokositna~-Larson) is about
62 percent (Table 5). Accﬁracy in classilying Larson Lake rish and Tokositna
River rish is much higher than that £6r Curry Station tish. Cuessing the
origin of fish among three stocks would produce a 33 percent accuracy, a level
not even attained tor tish from Curry Stafion. The rercent of tish from Curry
Station misclassified is split about evenly between the Tokositna River and

Larson Lake.

The overeall éécurécie& of the two-way mouels is about 70 percent for
Curry—Tokositna&(Téblé‘6), about 69 petceﬁt for Curry-Larsoh (Table 7), and
_;bout 61 percent for Tokositna-Larzon (Table 8). Gueééing-would prouace an
aécurady of 50 percent; all two-way modiels, especially the Tokositna;Larson,

aiscriminate wich accuracy much higher than 50 percent.,

-12-
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Vabie 4. Folur-vay jackknife classitication matrix from discrinminant anclysis of scale

ratterns on sockeye salmon of age 1.3 sampieu irom escapements at Curry Station,
Talkeetnz Station, Tokositna Rivers, and Larson Lake in 1982,

Actual Groua Sanple
of Origin Size Classified Group of Origin

Talkeetna St. Larson/Talkeetna Tokositna R. Curry St.
Talkcetna St. 100 .43 .28 .15 .15
Larson/Talkeetna 100 ?55 .46 .13 .21
Tokositha biver 54 .08 ?6; .67 .17

Curry S5t.

43 .0y «33 «26 .33

(wverzll classirication accurecy = 495

Mote: Unwerlinec proportions represent proportion correctly classiried.
All ctrer pruortions are misclassified. :
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Tule 9. inree-way jackknire classitication matrix from giscriniibent aiclysis
or stale paiteris on sockeye salmon or aége 1.3 sampleu Lraa
eccapements at Qurry Stetion, ‘tokositna River, anu Larson Lake in 1962,

Actual Croup Sample

of Urigin Size Classifieua Greup of Uridin

o Larson/Talkeetné Tokositna R. Curry St.
Lorson/talkeetna  1U0 .73 B o N 1o
Yokosltha River Y4 ‘ | ; jI; ’ : .06 = _ .2
Curry St; 43 A0 - ,ﬂ; t;g | 25

Cverall classification accuracy = .616

Lote: Uncerlines proportions represcnt proporcicn correctly Ciassitied,
£11 ckier proporrions are misclassified.

i
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Teble 6. ‘Wo-vway Jaeckkniie calssification matrix fraa discriminant

alalysis of scale patterns on sockeye salinon or age 1.3
Sampiea Lrun escapcnents at Curry Stetion, Tokositna
anu Larson Lake in 142,

Kiver,

Ictusl Group Saig.le

or Origin Size Classifiea Group ot Origin
"okositna R.  Curry St.

Tokositna i, 94 v .30

Curry ot. 43 _;6 70

Hotes UnKerlineu proportlons represclit Llroporuun corrcctly Classifieu.

werall clacsificatich accurecy = 701

FLL CELEr jrocrticas are uisciassiricu,

e



Table 7. 1vo-way jackknife calssification matrix Crom discriaihaint
analysis of scale patterns on sockeye salmon of ase 1.3
sanpleu Lrun escapeents at Curry Station anu Larson Leake
in 1%2, '

Fctual Crow . Sariple
or Oriyin - Bize Classifieu Group of Qrigin
N Larson/Talkeetna Curry St.
Larson/Talkeetra 100 .72 - L g .26
“Curry St. 43 '7?j;a ' . , .60

I
.
o
wn

Overall classirication accuracy

llote: Uncerlined proportions represent proportion correctly classified,
ALl cbner proportions are misclassiilead,
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Yable 6. wuoewa, jackknife calssiticatids wetrix rran ciscriiinant
zaliils of ecale patterrs on wockeye saliwon of ace 1.3
Siea bl LIU GsCapenehts at Yonosbitna River anag Learson
Lewr 1 162,

actual Grous Sanple :
cr Urigin Size Classitfieu Group of Origin

Larson/Talkeetnza Tokositna R.
Lerson/ral kestia 100 B4 .16

Tokositia i 94 22 .78

Overell classiricaticn accuracy = 809

lotes Unucrlingd proporvions rejresent proportion correctly classifried.
Ell (Coel pLoorticils are misciassSlilet, ‘ i
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The scale pattern variables SIXl (length to the sixth circulus in the first _
zone)'l_and MC1l (number of -ci:culi in the first zone) have the most
divscriminating power (Tabie 9). No.variable appeared in all five models, but L
SIX1 appeared in four and HCl aépear_ed in Ehree. Both variables accounted tor
much of the observed variation in in scale patterns, and both had their -
greatest independent effect in the Tokositna-Larson Lwo-way' fnodel. The length
) s
of the first zone (ID1) uid not appear in any discriminant function. about 85
percent or the scales from Tokositna River had eight circuli in the first zone -
while about 97 percent from Lar_sori Lake had eight, yet there is little
aifference in average size ol the zone between samples. Therefore as first L
cyear fry in 1977, tish in Tokositna River grew faster for a shorter period of ‘
time than did their counterparts in Larson Lake. -
: U
In'surrmary, sampled tfish trom Tokositna River ana Larson Lake are the most
différent, fish sampled at Curry Station are more like Tokositna and Larson -
Lake rish than they are unique, ana fish sampled at Tal.kee,tné Station are more
like Larson Lake fish than any other. Differences (or‘ the- lack of -
<ifierences) . among sampleé;ére due to growth between hatching and the winter
cf 19778, -
=
DISCUSSION
.
Sc’aAle’_'pattern analysis is usually employed to separate thé components of a |
.mi.:-:ed stock; for the stocks within the Susitna, scale pattern analysis is usea -
to show similarities. As such, linear discriminant analysis provides
N o
o
v
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Pavle Y,

oLt poweritl ciale pattern variables in linear discriminent ifunctions according to the nuwaber

to toe naer b tikes they occur in five nodels ani to tneir strength in the three— arki two-way

LOGELs.
Five iouels Four ouels Three hodels o liodels One locel
-_— Si¥%l N ICl LELGTTH [nX2z
FOUK3 EICHTZ SI1¥2
Al 13
Lxii2 ICH3
' I3
Qurry—-1Tokosiuiz~Larson Curry-Larson Curry-rokositna Tokositna~-Larson
Poveer - -
Variable F-rztio 1/ ‘ariable F-ratic Variable P-ratic Variable F-retic
Lost SInl 235 L2 5 o8 S1X1 1.0 CIX1 47.6
Lext il 1Z.. LIGHTZ 5.7 LELGIH 4.5 IXI 33.3

1/ FP-retic on residuel variaices,



"necessary conditions” to show what happens to fry spawned upstream of Curry
Station; it does notbkprovide"" definitive proot. Our analysis does show that 1)
scale patterns of sockey.’e salmon passing Curry Station in 1981 are more like
patterns on scales of fish taken from the escapements to the Tokositna River
anu to Larson Lake than they q_ré unigue and 2).scale patterns on scales from
Larson Lake and Tokositna River are distinct for the 1977 year class. From
these two facts (anc other ihformatiém obtained in 1981), six hypotheses as to

why no fry are found above Curry Station are possibly true:

l WW@WL&JQW
wwmwm. It true. fry rmust move down the

Susitna to the tributaries then upstream. Imprinting must occur atter
spawning and betore fry move out of the main river and upstream in the
tributaries. Fry select .z watershed in which to overwinter eccording to which
side ot the Susitna they travel along as they move downstream.

2 Wmmmugwmuhe_ﬂpm&m&ma&m_ﬁmﬂm

' ~ --'ma or_the m]hggmg vatersheds, and their £rv

ghs he Crulitna or into the

_alk_ee_tn_a___;m: In either case, imprinting must occur after fry enter the
trlbutarle ' . o ,

3. &WMWMWW
Gre 21t be Talkeetna watersheds, and their £ry
thwuﬂw :

4 ggwm that sihawn.. memw_wszmgmmubm&u

; UMHM&MM%_QKJMME&&MMMM.&D&L@M
Mm.;umll.ﬂunbﬁxm_;uwl

Stoc i " iL an g anlL . Neither the Tokositna River nor
Larson Lake are rearing.areas, but come area that has a heterogenous
envirorment with parts similar to both these areas.

~20-
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Although all six hypothesés are possible, some are more probable than others.
The distance between Curry Station and the Tokositna River and Larson Lake
make the first hypothesis rather improbable. Sockeye salmon fry tend to
imprint the memory their natal streams early. A long migration down the
Susitna River then up either the Chulitra or Talkeetna Rivers béfore
imprinting is rather improbable. Also, the long journey through swift \'}ater
is not conducive to fry survival, and naturzl-selecticn 15 againét guch a

stock occurring.

The last hypothesis is unlikely as well. Scale patterns on Ifis’n‘ta-ken at
Curry Station show these fish not to couprise a unigue croup, but two groups,
one with scale patterns similar to patterns on fish from Larson Lake and one
with patterns similar to those on fish from the Tokositna River. The
existance of a single rearing area that could prowce such a group of scale

patterns is not likely.

That tish movinq past Curry Staticn are strays crom the Chulitnz and the
Talkeetna watersheds is more probable than these tish being a separate stock.
The estimated number of sockeye salmon passing Curry Station is only 2.1
percent of the sockeye salmon passing Sunshine Station (ADFG 1981); since the
fish pagsing Sunshine Station contain all Li:;-‘.h miarating to the Talkeetna,
Chulitna, and the upstream Susitna Rivers, the small portion passing Curry

Station coula easily represent strays.



What is the fate of the épawn from fish passing Curry Staticn? Again, the
distahces involved would make passage of fry down the Susitna and up the
Chulitna or up the Talkeetna j'R,iVers unlikely. llore probably, fry would move
down t.he Susitna River to cverwinter in sloughs, move out to Cook Inlet as
O-check fish, or die. I\.ny one (6r'all) of these threé situations could have
occurred in 1977. Whichéver ie the case, the result is extremely poor
prcduction from these fish, All O-check fish represent only l.5 percent of
retyurning adults (Bruce Barrett,__ personal communication), and survival iﬁ
river sloughs along the lower Susitna River must be substantial if the 2.1
percent of the spawning étock above Curry Station is important to the

productivity of the Susistna River.

Fish passing Curry Station could have turned around and migrated back
downstream, but this is not probable. Such a switch .in direction would
inflate estimates of escépemeﬁt above the fishwheels at Curry Station-although

the estimate of the number passing the fishwheel would be correct. Yet peak

" spawning counts (a conservative estimate of the number of fish) in sloughs

above Curry Station in 1981 are 1232, almost half the fish estimated passing

the Staticn (ADFG 1981). .

Most probably adult sockeye salion passing Curry Station are strays from the
Chulitna and Talkeetna Rivers and are not a separate stock. tlost of thes fish
spawn in sloughs above Curry Statiocn, and their fry either move down to the

Lower Susitna River to overwinter and/or die,

sEsT -

e



ACKNGYLEDGEMENTS

Sam Sharr, Kathy Rowell, Scott licPherson, and Scott llarshall providec valuable
ideas for the analysis. Additional thanks are due to Virginia Purton for
shouldering the burden of constructing the tables in this report from our
picdin notes, to Debbie Hicks for transcribing numbers, and to Scott licPherson

tor his art work.



LITERNTURE CITED

Alaska Department of Fl.ah and Game. 1481 M:_m.gmmﬂ;h&rwm

; ort. Alaska Power puthority and Susitna
Hydroelectric Project, Susitna Hydro Aquatic Studies, 2207 Spenard Rd.,
Anchorage, AK 93503 -

Clutter, R. and L. Whitesel. 1956. Collection and interpretation
of sockeye salmon scales. Bull. Int. Pac. Salmon Fish. Coum., lo. 9,
159 p. ' '

Dixon, V. and [, Brown., 1979, DBiomedical computer programs
p-series. Univ, of LallL.-Prouu, 1erkeley. 880 p.

Fisher, R. '1936. The use of multigle measurements in taxonomic
problems. Ann. Lugenlcg. 7:179-188.

Intefnational Korth Pacific Fisheries Cormission. 1963. Annual
Report 1961:167 p.

- Ryan, P. and Il. Christie. '1976. Scale reading equipment...
Fisheries and Marine Service, Canada, Technical Report
Percsonal Cormunicaticns

Barrett, B. Hemo dated September 23, 1982,




Appendix  H:Comparison of scale patterns
sockeye salmon sampled from different

S

ARLIS

VR

from -
stocks in the

usitha River in 1982 o

¥
Qs

2

636

AL

000 09

3 0455



student
Typewritten Text
Appendix H:Comparison of scale patterns from 
sockeye salmon sampled from different stocks in the 
Susitna River in 1982
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