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Origin of Stray Sockeye Salmon Spawning in Western Washington

Introduction

Sockeve salmon (Oncorh|n(hLts nerka) arc gen-
erally found in watersheds containing lakes where
the juvcniles spend at least one ycar prior to emi
gratlon to the occan (Foerster 1968). Howcver,
in westcrn Washington sockeye salmon are often
observed spawning in and smdting from systems
lacking the normal lacustrine environmcnt. All
major Puget Sound rivers suppoft small spawn-
ing populations of sockeye sall.ron (Williams et
al. 1975, Phinnev and Bucknell 1975), but thcse
populations were described as insignificant. prob
ably in reference to suppofting a conlllercial fish-
ery.

Recent molecular genetics studies identified
that sockcyc salmon spawning in the Nooksack
and Skagit rivers arc genetically pa of an cast-
ern Pacific coastwide riverine rearing sockeye
group (Gustat'son and Winans 1999). Prior to these
gengtic studies salmon managers in westemWash-
ington presumed that adult sockeyc salmon ob-
servcd spawning in areas without access to lakes
represented stnys liom lrcustrine populations, or
thc)' were kokanee.

Although molecular genctics are accurate
methods used to identity individual fish stocks,
thc two drawbacks are that they are costly and
time consuning. An alternative approach for sock-
eye salmon sk)ck identif ication is the analysis of
scale circuli pattems. Each sockeye salmon stock
rears in a unique environment; differences in growth

rate and developmental tining are recorded as
circuli pattems its scales. Because oIthis, circuli
pattems are used to identily and separate sock-
eye salmon stocks (Henry 1961. Roos 1991).

Sockeye salmon are considered to be the nost
accurately homing salmon because stocks uti l ize
many dillerent spawning areas in relation to whcre
theiuveniles rcar. Some stocks spawn downstream
ol  lhe  re l r inp  lake  u i th  e rnergent  f r1  migr l t ing
upstrean. For others. spawning takes place in inlets
with emergent fry moving downstream. Finally,
some populations spawn within the lake itself and
do no l  migru le  u t  a l l .  The l ' r1  rn ip ru t ion  par rc rn
has a genetic basis (Brannon 1973. Roos l99l).
Consequently. ilfish from an inlet spawning stock
werc to spawn in an outlet, the emergent fry would
swlm in thc wrong direction and not end up in
the proper lake for rearing.

Sockeye salmon areregularly captured at hatch-
ery racks and observed utilizing unusual spawn-
ing areas in western Washington. Scales were
collccted and examined to determine ifthcse flsh
were stmys trom known lacustrine populations.
If they werc not strays liom known populations,
could anythingbc infeued about thcir origin based
on scale circuli pattern? Particularly. what sort of
scale p ttern did fish show fiom the reccntly rec
ognizcd sockeye salmon that were part of river-
ine rearing mctapopulation?

Methods

Between 1988 and 1993, scales were collected
from sockeye salmon captured at WashingtonE maili nichahhn @rdf$,.rl a.gov
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Depa nent of Fish andWildlifc (WDFW) hatch
er ie .  r , r  lound dead dur ing  \pa \ \  ner  \u r \e ) \  in
areas remote tiom lakes offtring access to anadro-
mous salmonids (Figure l). Collectcd scales were
sent to the Pacil lc Salmon Commission (PSC) in
Vancouver BC for analysis. At thc PSC. the scales
\\"erc lnounted on gummed cards and thgn acetate
impressions of the scales were made. Thc image

ofthe acetate impression wasplojected on a screen
ofa miclofiche reader The numberofcirculi liom
the fbcus of the scale to the first annulus and to
the end of freshwatcr growth at smolting was rc-
corded for each fish. To provide comparison with
klown lacustrinc socke)'e salmon stocks in western
Washington, fresh\\,ater circuli counts tiom 62
Baker Lake (Skagit River walershed) and 175 Lake

fr

1. Nooksack River
2. Whatcom Creek
3. Samish Rivsr
4. Baker Lake
5. County Line Ponds
6. Skagit River
7. Skykomish River
8. Lake Washington
9. Mintar Creek
10. George Adams
11 . Bingham Creek
'12. Chambers Creek
13. McAllister Creek
14. Naselle River
15. CowliE River
16. Toutle River
'17. Lewis River

Figure L Locations wherc \ockcl_c salmon $ere collected in reslcm washington.
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Washington sockeye salmon were included. For
locations $,here nlore than one fish was collected,
the mean and coefficient of variation (cv) were
calcullted. Z-tests (P= 0.05) were used to evalu-
ate statistical dil'flrences.

Results

A lotal of91 l ish were collected fiom l5 sites in
14 r'atersheds in *estern Washington (ntble l.
Figure 1). These tish were placed into 15 groups
based on location ofcapture. Group mean Or in-
diyidual count in the case of singlc fish) circuli
counts tbr the period offrcshwater readng rangcd
from 9.0 to 30.0 (Table l). Thcse counts repre-
sent the total number of circuli from thc focus to
prcsumed salt-$'ater entranca. The majority of
mean circuli counts were < 20. The two known
\\"esteru Washington lacustrine rearing populations
(Baker Lake and Lake Washington) had mean
counts > 20. None of the groups had freshwater
circuli pattems considcred to be tiom either Lake
Washington or BaLker Lake with the result that
these two systems were removed from consider-
ation as source ofthe strays (Carol Lidstone. Pa
ciflc Salmon Commission scale analyst. personal
conrmunication). All ofthe scales analyzcd showed

TABLE l .  Frcsh$ater c i fcul i  counrs (mcrn) lbr  socke)e
.r lnr .n r r l lec.ed r  \ \e. rcn uJ.hin i - ron

grou'th pattems indicative of ftesh waler and marine
residence (sockeye saln]on) rather than purely
fieshwater residencc (kokanee or residual sock-
eye salmon). The CV for the nine groups u'here
n > I ranged from 2.3clc to 387e. Most CVs wcre
< 207o, which was similar to the CVs tbr Lake
Washington and Bakcr Lake, suggesting that il
CY < 20Vo indicates the variation to be found in
r  s i n ! l e . o c k e ) e : J l m , ' n  p o p u l a t i o n  i n  u e . t e r n
Washington lakes.

Broadly speaking. there were two groups of
mean freshwater circuli counts. The Chambers
Creek. CountyLine Ponds, ;utdLewis Rivcrmeans
were all > 21 while the remainder were all < 18.
These two groupings came from significantly dif-
fcrent populations.

The sockeye salmon collected at Chambers
Creek had mean circuli counts of 21.15 and a CV
of l37c and those collected at County Line Ponds,
a system of snall ponds in the Skagit Riler sys-
tem. had mcan circuli counts of 21.50 and a CV
of 2.37c. The singlc sockeye salmon collected at
the Lewis River had a circuli count of 30. The
mean (or individuall freshq'ater circuli counts for'
the renaining 13 groups were all < 20 with CVs
ranging from 9.97c (Sanish River) to 38 Tr fbr
the Skagit River The only other CV > 207c was
for fish collected at George Adams.

The mean freshwater circnli counls for the
sockeye salmon collected in the Nooksack and
Skagit rivers were 16 and I 5.,1. with CVs of 15.65 7c
and 38 %. These fish were collected in the same
general location as the fish identitied by Gustat'son
and Winans (l999) as being part ofthc coastwide
iverine metapopulation.

Discussion

Interpretation ofscale circuli pattems from sockeye
salmon collectcd in u,estemWashington concluded
that they *ere not strays from either Lake Wash-
ington or Baker Lake, as had bcen previously
believed. If these fish were not stmys tiom the
major westem Washington sockeye salmon popu-
lations. could some salmon stocks use only flu
vial habitat in the freshwatcr ponion of their life
cycle? Several pieces of circumstantial evidence
point to this conclusion. Stray sockeye salmon 1)
are not strays from Lakc Washington or Baker
Lake:2.1the strays are obsen'ed consistently (both
temporally and spatially) in the areas where they
werc collected; 3) the Skagit and Nooksack rivers
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have sockeve salmon that are gcnetically part of
the Pacific coastal riverine rearing sockeye
metapopulation; :l) sockeye salmon have been
obseryed to spa\\,n. incubate, and smolt succcss-
tully t iom non-lacustrine rearing situations: 5)
strav sockeye salmon returning to systems where
thcy hid access to lakes (Chambers Crcck, County
Line Ponds, Lewis River) had tieshwater circuli
cuun l :  >  2 l :6 )  \ l r i r )  \ockeye s l lmon re tu rn ing
to the Nooksack ?Lnd Skagitrive$ had mean tiesh-
* ater circuli counts < l6; 7) stray sockeye salmon
frolr streams with no access to lakes had mean
tieshwatcr circuli counts < l8: and 8) therc was a
signilicant differencc in the f'reshwater circuli
counLs bet\r,een stray sockeye salmon that had the
opportunity to rear in lakcs and those that did not
appear to have that oppoftunity.

Thcre sti l l  remains one major unknown. Jn
western Washington no documcntation exists that
shows that sockcyc salrnon use only fluvial habi-
tat in the fteshwater portion of their 1it'e cycle.
Tha l  i . .  .ockc lc  s l lmun sur re . . lu l l )  .pau  n .  in -
cubate, and rear in a stream; smolt, then success-
tully returns to that natal stream. While spawn-
ing. incubation, and snolting have been obsen'ed.
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no marked smolts have rcturned as adults to the
spawning strcanr.

The differcncc in frc.hu rrer r irculi counrr cun
serve an init ial f i l ter to classify f ish. Moleculrr
genetics can be used as a sccond ti l ter to deter-
mine genctic affinit ies. But. unti l the l ife history
circle is closed. we wil l only be able to speculatc
on actual biology of the fish.
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