
Will iam P. Connor, U. S. Fish and W d fe Servlce, PO Box 1B Ahsahka, daho 83520

Theodore C. Blornn, U. S Geolog ca Survey, daho Coopefative F sh and Wild i fe Research Un t,  U n vers ty
of ldaho Moscow. daho 83843

Howard L. Burge, U S F sh and W dl f  e Serv ce PO BoxlB Ahsahka daho83520

Anne R. Marshall  and H. Lee Blankenship, Wash ngton Department of Fsh and W d fe, 600 Capito Way
Nortfr.  Olympla, Washington 98507

R.  K i r k  S te inho rs t ,  Dvsono fS ta t s t cs  Unve rs i t yo f  daho  N4oscow daho83844  1136

Kenneth F.Tif fan, U. S Geolog ca Survey, Columbia R ver Research Laboratory Cook Wash ngton 98605

Early Life History Attributes and Run Composition of P|T-tagged
Wild Subyearl ing Chinook Salmon Recaptured after Migrating
Downstream Past Lower Granite Dam

Abstract
Seaward migration tinring of Snake Riler fall chinook salmon (Oncofi)"n(hus ts,r1w\ts.l,l7) snolts is nrdexed u\ing
iubt'earling chinook salmon pas\age dala collected at Lower Granite Dam. However not all ofthe subyearlings afe fall
chinook salmon. For six yeafs, we recaptured wild sub]earling chinook salnon smolts, \|hich had been prevnrusl] PIT
tagged in the Snake Rivef, to geneticall] determine if rhe fish were ofTspring of spring and sumlner (hereafter, spring/
su'nmer), or fall chinook salmon. Sprnrgfall chinook salmoD comprised o!er 107. of the samples ofrecaptured smolts in
file ofsix )ear\. For these five years. we used discrininanl anailsis |o deGnnire run membership ofPlT tagged smolts
rh.rr lrere not recaprurcd (i.e.. nor samplcd tbr gcnctic idcntification). Accuracy of thc djscriminant anal),sis modcls.
based on geredcall) idendlied snolts. r'aricd belwccn 75 and 85./.. Aftcr using discriminan! anal]_sis !o classily run
melnbelslip lbr each PlT taggcd snolt rhat was no! gcncticall,v idcntifled. re comparcd carly lifc hinory allribulcs
bet[een fa]l and sprins/summer chinook salmon and calculated annual run cr'mposidon. The lile hisror] altribules we
studied overlapped. but spring/summer clinook salmon reared along (he shoreline of the hee llowirg Sndle Ri!er ear-
lier $'ere larger and began seauard migrarion e.ulier lhan lall chinook salmon. Spring/sunner chinook salmon made up
from 15.110'1'1..17. oflhe lagged subyearling smohs that were deecled passing Lower Gra le Dam. As a result. the
preserce of spring/summer chinook salmon makcs nigratilrn tining lbr lhc iall chinook salmon seem earlier imd more
protracred than is thc casc. lf $ild subycarling spring/lummcr chinook salmon smolts arc not considcrcd. fall chinook
salmon abundancc a! Louer Grani!e Danr will be olerestimated.

lntroduction

Chinook salmon (On corhyu: hus tshav1-'tscha) are
indigenous to streams throughout the Snake River
basin. Wild Snake River spring and summer (here
af ter, spring/sunrmer) chinook salmon typically
have a "stream type" (Healey l99l) early life
history. Adult spring/summer chinook salmon
spawn mainly in snlall tr ibutaries of the lmnaha,
Salmon, Grande Ronde. and Clearwater dvers
(Figure l) f iom August through early September
(Howell et al. 198.1). Fry emerge fiom the gravel
primarily fiom latc January through early May
(Howell et al. 1 984). Many parr rear in natal t.ibu-
taries through spring. summer, and winter (R.
Kiefer, Idaho Depatment ofFish and Game, per-
sonal communication). while others migrate down-
stream and ovelwinter in mainsten tributaries of
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the Snake River (Chapman and B.jornn 1969,
Bjomn 1971). Wild Snake River spring/surnmer
chin,.rul srlrn,.rn typieully smult und migrute sea-
ward in the spring as yearlings (e.g., Achord et
a l .  1996) .

In contrast to spring/summer-run stocks, wild
Sna le  R i re r  ta l l  ch inook  sa lmon .paun pr imc-
rily in the mainstem Snake and lower Clearwater
rivers (Figurc 1) from late October through early
December (Groves and Chandler 1999). Fall
chinook salmon typic;rl ly have an "ocean-type"

(Healey l99l) early l i fe history. Fry emerge from
the gmvel primarily liom April to June. parr rear
along the shoreline ofthe Snake River tiom Apdl
toJuly. and smolts typically nigrate seaward during
summer as subyearlings (W. P Connor U. S. Fish
and Wildlife Service, unpublished data).
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Seaward migration timing of wild subyearling
Snake River fall chinook salmon is indexed an-
nually at Lower Granite Dam (Figure l), which
is the first dam smolts encounter en route to the
Pacific Ocean. However, not all ofthe subyearling
smolts are fill chinook salmon. Some wild Snake
River spring/summcr chinook salmon also migrate
seaward as subyearlings. Marshall et al. (2000)
found that from 5 to 63% ofthe subyearlings they
sarnpled at Lower Granite Dam were spring/sum-
mer chinook salmon. Tiftan et al. (2000) attempted
to separate $,ild subyearling chinook salmon at
Lower Granite Dam into fall-run and spring/sum-
mer-run groups by using discrinrinant analysis
models fit fronr body morphology tnits. Tiffan
et al. (2000) found that spring/summer and fall
chinook salmon were morphologically similr, thus
their discriminant analysis models mis-classified
run membership of wild subyearling chinook
salmon an average of 7,+% of the time.

In this paper, we expand on the findings of
Marshall et al. (2000) and Tiffan et al. (2000) by
comparing several early lit'c history attdbutes of
wild subyearling tall and spring/summer chinook
salmon that were tagged in the Snake River in-
cluding seaward nigration timing measured as
passage date at Lower Granite Dam. We also pro-
vide estimates ofthe proportions subyearling fall
and spring/summer chinook salmon in annual tag
groups that passed Lower Granite Dam (i.e., run
composition) from 1993 to 1998.

Methods

We sampled wild subyearling chinook salmonpan
in the free-tlowing Snake Riverupstream ofLower
Granite Reservoir between rkm 224 and rkm 291
(Figure l) by beach seining as desoibedby Connor
et al. ( 1998) fron l993to 1998. We began beach
seining in April and continued into June or July
until water temperatures exceeded 20'C and the
catch was near zero. We tagged parr > 60-mm
fork length $,ith Passive Integrated Transponders
(PlT tags)(Prentice et al. 1990). For details of parr
handling and tirgging. see Connor et al. (199E).
Tagged par werc released $'here they were cap-
tured to resume rearing and seaward migration.

A percentage of the PlT-tagged parr that sur
\  i \ed  rear ing  rn , . l  e l r l )  ' eaur rd  migra t i , ' n  uere
subsequently detected as smolts passing Lower
Granite Dam in the tish bypass system (Connor
et al. 2000). We recaptured a subsample of the
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detected smolts atier they passed Lower Granite
Dam by using a diversion device (Marsh et al.
1999) located in the fish bypass system ofLower
Granite Daln (1993 to 1995) and Little Goosc Dam
(1996 to 1998)(Figure l). From 1993 to 1997,
we sampled scales. body muscle, heart, Iiver, and
eye tissues (Marshall et al. 2000) from each re-
capturcd smolt. In 1998, we sampled scales and
pelvic fin clips.

We used scale pattem analysis (Koo 1967) to
confirm that each recapturcd wild chinook salmon
smolt was a subyearling. The genetic l ineage (i.e..
fall or spring/summer run) of cach recaptured smolt
was identif ied using allozyme multi locus geno-
types with accuracy near 1007o (Marshall et al.
2000) from 1993 to 1997. In 1998, the genetic
lineage of each recaptured smolt was idcntified
nonJethally using the dual pdmer product of a
nuclear DNA marker (R. Rodriguez, U. S. Geo-
logical Sun'ey, unpublished method). Run iden-
tit'ication using the DNA marker is almost l00./c
reliable and provided nearly identical results when
compared to identitications from allozyme geno,
types (A. Marshall, Washington Departmenr of
Fish and Wildlife and C. Rasmussen, U. S. Geo-
Iogical Survey, unpublished data).

We recaptured Pll-tagged smolts in diel samples
from approximately May through September.
Continuous daily sampling during these months
was not possible because of logistical constraints
and Endangered SpeciesAct restrictions. We com
parcd dercction dates of all tagged smolts to the
detection dates of the recaptured tagged smolts.
We found thatear]y and late migrating smolts were
sometlmes under-sampled. Therefore, we devel-
oped discriminant analysis models to classify mn
membership for tagged smolts that passed Lower
Cranite Dam, but were not recaptured and ge-
netically identified.

We tit separate discriminant analysis models
for every year (except 1995 for reasons described
in Results) using four variables lrom life history
attribute data collected on genetically identified
smolts. Variables included initial capture date (ex-
pressed as day ofyear), fork length at initial cap-
ture, rkm of initial capture. and passage date at
Lower Granite Dam (expressed as day of ye;r).
We fit test models using every combination of
these variables. and by pooling and not pooling
the covariance mafices (Johnson l998).



For cach ycar, wc calculatcd both within-run
(fall and spring/summer, sepantely) and acrcss-
mn (fall and spring/summer, combined) classiti-
cation accuracy lbreach test model using the cress-
validation method (a.k.a.. jack knifing)(Johnson
1998). Within-run classifictrt ion accuracy was the
nun'rber of conect classillcations divided by the
number of recaptured fall or spring/summer
chinook salmon tbr cach year Across-run classi-
fication accuracy was calculated as the weighted
average of the within-run classification accuracy
estimates lbr each year.

We selected the tinal discrirninant analysis
modcls for cach ycar bascd on across-run classi-
fication accuracy. We ran the final models to pre
dict run membership fbr every PlT-tagged
subyearling chinook salmon detected at Lowel'
Granite dam that was not recaptured for genetic
analysis. We combined flsh ofclassitled run mem-
bership (i.e.. by discriminant analysis) with those
genetically identihed to obtain a data set of smolts
detected at Lo\\,er Granite Danr throughout the
sampling pedod. These groups provided better
e . r r l \  l i l e  h i \ lo r \  i l l tnFr i . r , rn r  r t rd  run  c , 'mp, 's i -
tion estimates than could be made using geneti
cally identif ied fish alone.

Results

We inserted PIT tags in 6,789 parr during the six
years studied (Table 1). Detections oftagged smolts
at Lower Granite Dam ranged from 97 to 379 (Table

1). we recaptured tiom ll l .5 (199E) b 59.6clr
(1994) of the tagged smolts after they were de-
tected passing Lower Granitc Dam (Table l). The
numbers of spring/sumrner and fall chinook salmon
that were genetically identified in each annual
sanple of recaptured smolts vrLried among years.
Genetically identif ied spring/summer chinook
salmon varied between 67 (1993) and 4 (1995)
(Table 2). Fall chinook salmon ranged liom a high
of 92 (199,1) to a low of 14 (1997)(Tab1e 2).

We did not t'it a discriminant analysis model
to the 1995 data because the proportion of spring/
summer chinook salmon was too small (4/,16:
0.087) (Table 2). When using the l ite history

T,A.BLE L The nunber ofwild sub)earling chinook salmon
thar were caprured along rhe sDake River and PIT
lagged. thc numbcr of PiT laggcd lish lhar were
detected passing Lorver Cranilc Dam. and the
number and percentage dctcclcd iish fiat sere
rccapturcd altcr passing Lowcr Cranite Daln.
i993 !o 1998.

Number of fish
Yeaf Tagged Derected Recap red Recaptured (?;)

49.6
59.6
19 .5
20.6
25 .8
r8 .5
1 1 . 5

TABLE 2.  Clas\ i f icat ion of  run membership using discr iminant  anal fs is models f i t  wi th genet ical l ) ,  ident i f ied (actual)  wi ld
sublearl'ng spring/\umrner (abbre|iated as spring) and fall chinook ralmon smolts that \\'ere recapturcd aftcr bcing
detecred at t-orver Granite l)ain. l993to l99E.Within and across run cross valjdation classitlcation accuracies ({)
arc gjvcn b,v ycar. cxccpr in | 995 whcn thc proportjon of spring chinook salmon \'" as too small lbr model iirlirg.

1993 t,252
199.1 1.331
1995 802
1996  1 r3
1991 553
1998 1.,131
Total 6,789

231
193
216
126
91
319
1.265

1 1 6
1 1 5

26
25
10
398

Number classified
Classification accuracv ('/. )

Spnng Within run Across lun

1991

t991

1995

1996

1991

r998

Spnng
Fall
5pflng

Fall

Sprirg
Fall
Spring
Fali
Spring
Fall

Spring
Fxl l

19.1
75.5
69.6
80..1
N/A
N/A
75.0
86..1
81 .8
1 t . 1
75.0
'76.3

11.6

18.3

N/A

E.r.6

76.0

75.1

19
23
92

1)

22

l8

l,l
3 l
I
71

I
t 9
2
r 0
8
29

5l
l 2

l 8

3
3
9
,l
21
9

PlT-tagged Wild Subyearling Chinook Salmon 257



attributcs of the genetically identif ied sl.rolts to
tlt the discriminant analysis modcls tbr the other
five years. we lound that across-run classifica
Lion accuracv averaged 78..17c ancl langed from
75.7 ro 8.+.6%,(Table 2). tnirial capture dare, fork
lenpth  r t  in i t ia l  cup lu re .  cnd  dJ le  o f  n r \ . rge  u l
Lower Granitc Dam were used in the 1993 and
199,1 models to classify thc snrolts. For the 1996
modcl. classification was based on fork length at
jnitial capture. and passagc clatc at Lower Gran-
ite Dam. Passage date at Lower Granite Dam was
used in the 1997 model to classify smolts. In the
1998 modcl. classification was based on rkm of
initial capture. and passage ditte at Lou'er Gra[
ite Dam.

Afier combinirg the smolts of classificd-run
origin rvith those genetically identit ied. the total
number oi smolts avrilable fbr conpadng early
1i1e history attributes and estimating run conrpo-
sition was 1,029 (Table 3). Early life history based
on the attributes rle mcasured. proceeded on a
slightly earlier t ime schedule for spring/summcr
chinook salmon than firriiLlJ chinook salmon (Fig
urc 2). Spring/sumrner chinook salmon were cap-
tured earlier (N = 5; Grand mcdian = day 155)
than fall chinook salrnon (N = 5: Grand median =
day 160). Spdng/sunner chinook salmon were
consistcntly larger (N = 5; Grand median = 85
mm) wheD caplurcd than lall chinook salmon (N
= 5: Grand median = 73 mm). Thcrc was no con-
sistent pattcm anrong years fbr rkrn of capture.
Spring/summer chinook salmon passcd Lower
Granite Dam earlier (N= 5; Grand median = day
187) than fall chjnook salmon (N = 5l Grand
median = da! 202).

TABI-E 3.  Thc pcrcentages ofPlT-tagged r \ i ld  subyear l ing
lprnig/suDmer (rbbreviated as spring) and fall
chinool salron (i.... run conposition) detecred
passins LowcrCranilc Dal1l. 1993. 199.1. 1996-
1998. Detected vnolls combinc lish ol cl:rssified
run nrembcrship ( j .c . .  us ing discr in inanr.rnr l l -
\ i t  and lho\c lhal  $crr  genet ical l \  idenl i f ied.

Of the 1.029 smolts available tbr estimating
run composition, 269 (26.1Cc) were spring/sum-
mer chinook salmon and 760 (73.9%1 were lall
.h inoo l  .a lmon lTab le  I r .  Annur l  run  compos i
tion ranged from 15.1 b,+4.4% spdng/sumnrer
chinook salmon, and 55.6 to 84.9% lall chinook
salmon (Table 3).

Discussion

We were able to use genetic idcntificatien meth
ods on samples of wild subyearling chinook salmon
smolts to provide data fol f itt ing discriminant
analysis modcls. The models classified subycarling
chinook salmon mn mcmbership fion combina-
tions of capture date, fork length at ctrpture, rkn
ofcapture. and passage date at Lower Granite Dam
with an accuracy reLnging ftom 75.7 to 84.6%. These
levels of conect classificalion show that there are
detectablc differences in timing of shorelinc rear-
ing, piur fork length. rearing location, and early
scaward migftltion timing between wild Snake River
subyearling fall and spring/suuner chinook salmon.

After our smolt sampling and analyses. wc
found that n,ild spring/summel chinook salmon
parr were captured earlier, and were larger than
wild thll chinook salnron parr. A possible expla-
nation tbr these differences may be that spring/
sunlmer chinook salmon spawn 2 to 3 months
earlier than fall chinook salmon, hence spring/
summer chinook salmon fry cmerge earlier than
fall chinook salmon frv and then grow while dis-
persing downstream or rearing in thc Snake River.
Spring/summer chinook salmon smolts were also
dctccted passing Lower Granite Dam earlier than
fall chinook salmon smolts, perhaps because spring/
summer chinook salmon parr reached a thresh-
old sizc tbr seaward migration (Folmar and
Djckhoff 1980, Wedemeycr et al. 1980) earlier
than fall chinook salmon pan'. Other studies of
juvenile anadromous salmonids have documented
differences in carly life history atffibutes that fe-
sulted from time of fiy emergence (Lister and
Genoe 1970, Everest and Chapman 1972).

The early life history findings in the present
paper are important to future studies ofthe Snakc
River 1'all chinook salmon population, rvhich was
listed tbr protection under thc Endangered Spe
cies Act in 1992 (NMFS 1992). Fishery biolo-
gists need to be awarc that some spring/summer
chinook salmon deviate from thc typical sh.eam
type early l i t 'e history. Some spring/sumnrer

1993

1996
1997
1998
Totrl

23 .8
15 .1
33.t)
t ] . 9
16 . l

55.6
16.)
8,t.9
67.0
8 : . 1
71.9

Nunbef of smotts Run coprpi\illqr t&l
\tar detected Spring Fdl

ti.1
L9 l
D6
9l

l ?9
1 .029

2-5 8 Connor et al.
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chinook salmon rear in mainstem rivers ratherthan
t r ib t t t r r ie . .  rn t l  bcg in  scrur r t l  rn ig r i r t i , ' n  a '
subyearlings rather than yearlings. The presence
of unnoticed subyearling spring/sunrner chinook
salmon would make fall chinook salmon early
life history and smolt passage at Lower Granite
Danr appearto be earlier and orore protractedthan
ls the case.

Although the propotion ofSnake River spring/
sunrmer chinook salmon that migrate to the sea
as subyearlings is a srrall tiaction of the total
number of spring/summer chinook salnon. wc
estimated that they can compose up to,14% of
the subyearling out migration from the Snake
River. Fishery managers monitoring the recov-
ery of Snake River tall chinook salmon need to
know thal the wild subycarling chinook srlmon
run passing Lower Granite Dan during early sea-
ward migration includes both lall and spring/sum
mcr chinook sillmon smolts. Fall chinook salmon
smolt abundancc can only be assessed using pas-
sage data collected at Lower Granite Dam if ge-
netic samples are collected from thc run at large
to lccount wild subyearling spring/summer
chinook salmon.
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