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Revisiting the Stock Concept in Pacific Salmon: Insights from Alaska
and New Zealand

Introduction and Historical Perspective

Although s)'stematists classify organisnN by phy-
lu rn .  c l r . . .  o tdcr .  l r t t r i l l .  !enu .  rnd .pec ie . .  i t  i -
widcly appreciated that these are poinls along a
continuum oI genetic relatedness and evolution-
J r \  \e lJ r ' : r l ron  r  M15 r  1982 t .  Th i .  .  r  ' n t inuum c t .
tends to rcproductively isolated breeding units
within spccics. known to geneticists as denrcs and
to nost t ' ield biologists as populations. These
populations tnay be spatially isolated from eacb
othcr ifthey are on sepante islands. mountaintops
or in ponds. Hower,er. in nany animals thc isola-
tion of populations is not a simple mattcr of ge
ography and limited mobil ity but rathcr one of
behavior. Many populations have broad, ovcrlap-
ping leeding distributions but segregate at the
breeding season. each returning to the site \\"here
thcy were bom. Anorg the nlost t'innous exan-Iples
of this phenomenon are the anadromous fishes
such as Anlcrican shac! (Alosu .sdpitlisslrm) and
salmon (Orrt orfrynclias, &r/no and Snhellrrus spp.)
(Quinn and Diftman 1992). Thesc fishes are
spawnecl in frcshwater. migrate to sea to teed and
g lou .  un , . l  Iher r  re lu rn  I i ,  rpJun.  a lmor l  in r i r r i -
rbly in the sarne stream or lakc where they were
spawned.
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Some astute scientists inlered the homing
phenomenon in the 1800s tionr phenotypic dif-
ferences in tlsh tiom diff'erent rivers. Milner (1876)
noted '[t]he gencrally accepted fact in the habits
of anadronous fishes that they are disposcd to
Ietum to almost the exact locality where they passed
thcir enbryonic and earlier stages of growth...
Observations of the shad brought to the large
markets shows considerable dit ' tbrencc in thc
physiognorny and general contour of those from
ditf'erent rivers. The suggestion is natural that the,y
arc distinct aDd separate colonies of the samc
\pec ie \ .  rnd  thu . . l igh t  .h . r r r ( le r i \ l i . :  J Ic  per
pctuated because they breed in-and-in and do not
mix $'ith those ofothcr rivers." Others concluded
l ' r , \m Ihc  i .u la red  locx1 i6n .  s l  . .1 lm, rn  .p . ru  n ing
groups that these must be fish rcturning to the
Iocation where thcy had been spawned. A repofi
from thc United States Commission on Fish rnd
Fisheries (1876) stated, "This stream IDearElko,
Nevadal is one of the nany that tbrm the head-
waten of the Columbia River. and to this point,
cighteen hundred miles fiom its mouth. the salt-
water salmon come in myriads to spawn... From
these lacts we may infcr that the instinct of loca-
tion is probably sullicielt to attract a colony of
fishes as lar inland as the head$'atcrs of the longest



dver, whenever theil home has been once estab-
lished there."

Although honing is a fascinating phenom
enon in its own right. the separation ofthe salmon
species into more-or-lcss discrete populations is
the key element in their nanagemcnt and con-
servation. The brsis of this so called stock con-
cept is that salnron inhrbiting different rivers ex,
perience different pattems of natural sclcction,
owing to differences among rivers in abiotic fac
tors such ls llow regime, tempelature and sub-
strate, and biotic factors such as predators, com
petitors, prey and pathogens. These diflcrences
in selection result in salmon that differ in color,
fat content, size, agc. t iming of migration, dis
ease resjstance, and nany other phcnotypic traits.
Rivers may diffcr in the productivity oftheil salmon
populations or their canving capacity (Mobland
et al. 1997). thus thc populations must be man
aged as separate entities to prevcnt over-fishing
lcss productive populations when they intenninglc
with more productivc ones. The coonection be
tween salnon homing. population-specific traits
and conservation wrs the focus of a landmark
symposium held in 1938 in Ottawa. Ontario.
Canada (Moulton 1939). Several papers presented
evidence tbr the population specific traits of At-
lanLic and Pacific salmon (e.g.. Rich 1939) and
the published discussions mtke it absolutelv clear
that these scielt ists saw the close conncction be-
twccn homing. the stock concept. and salnon
conservation.

Thc next major advance in the field ofsalmon
population biology camc with the publicatior of
another symposium. also held in Canada, as part
of the H. R. MacMillan Lectures in Fisherics at
the University of Brit ish Columbia in Vancouver
entit led "The Stock Concept in Pacific Salrnon"
(Simon and Larkin 1972). There were several
interesting papers. but the volume is doninatcd
b 1  R i c k e r ' .  d ( t r i l c J  r ( \ i c \  , ' l  i n t i , r l r a t i o n  o n
salmon homing, the differences anrong popula-
tions in various phenotypic traits. and the gcn-
eral failurc of transplanted salmon to thdve as
rvell as local populations (Rickcr 1972.). This
outstanding review of the early l i terature is sti l l
widel)' cited today and was the key publication
in the field unti l 1981. rvhen a special issue of
the Canadian Journal of Fisherics and Aquitt ic
Sciences published papers from the Stock Con-
cept lntenlational Synrposium. held in 1980 in
\ l l i . ton .  Onrar io .  Thc  i \ .u r  h i rJ  p rpr . r . , , l  . r  \  r r i -

ety ol fishcs, including sea lamprey (Petl.d7r_r;ot
nrurinus), largemouth bass ( Mitrt4ttenr
uthnoi d e s). and walleye (.Sti:o st edi on v i tre u n),
but many were on salmonids. including very useful
reviervs on Canadian populations ofAtlantic and
Pacific salmon by Saunders ( 19131) and McDonald
r l q 8 l , -  r e . p e c r i \ e l ) .  A \  $  i l h  t l r c  f r e \ i u u \  \ ) t n
posia. thc authors clearly drew the l inks between
homing, stock specific variation in phenotypic
traits, and thc conservation and management of
populations. In the years that fbllowed this sy1n
posiurn. many papcrs were published. documcnting
variation among salmon populations in a rvide
varicty of adaptive traits. Taylor ( 1991) reviewed
much ofthe litcrature and pointed out that in some
cases of 'local adaptation," only phenotypic varia-
tioD was documented. He argued that local adap-
t r t i ,  ' n  imp l ie r  no t  on l )  phent \ t )p i ( \ r r i . r l i oo"n tL) r ) .
populations in a given trait but also a genctic ba-
sis firr the trait, and a dcnronstrated survival ad-
vantagc associated with the trait.

In addition to the large and growing l iterature
on population-specilic variation in adaptive traits
among *' i ld salmon populations. the lrst tew de
cades have seen rapid expansion of salmonid
aquaculture. The successful cuhurc of sal monids
depended in part on the choice of suitable
broodstock. and subsequent selective breeding for
chosen traits. This requirenent lcd to many ex
perlments on thc gcnetic control of traits of inr-
portance in culture such as fccundity and gro$,tl'l
(e.g., Gjedrem 1983, Hershberger et al. 1990.
Crandall and Gall 1993, Su et al. 1997. J6nasson
et al. 1997). The gcncral conclusion ofthese cx-
periments is that there is a substantial genetic
corllponcnt to most ofthe traits. though ofcourse
there is a degrcc ofenvironmental control as well.
Finally, the 1970s and 1980s sav the de\,elop-
ment and usc of molecular techniques to stud)'
thc population genetics of f ishcs and especially
salmon. These tcchniques init ially used natural
variation in the propofiions of more or less se-
lectivcly neutral polymoryhic protcins to denl
onstrate reproductive isolation of salmon popu-
lations (see review by Ulter 1991). More rccently.
vadation in mitochondrial and nuclear DNA has
also been used to study the population sffucture
of saln.ron and othcr fishes (e.g., papers in the
spec ial issue ofReli eu,s of Fish Biology and l islt -
erie.i. cditecl b1' Carvalho and Pitchcr 199.1).

Thus thele have been three major l ines of re
search into thc subject of the "stock concept" or
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evolution of salmon populations: natural varia
tion in phenotypic traits, controlled or selective
breeding. and variation in more selectively neu-
tral molecular traits. As was pointcd out in the
l0Q4 Amcr ic ln  Fr rher ie :  Soc ie r5  s1  mpos ium on
"Evolution and the Aquatic Ecosystem" (Nielsen
1995, and notably Hard 1995). all are valid ap
proaches and nccd to be integrated into a holistic
vicw of salmon population structure, evolution
and management (see also Utter et al. 1993. Grant
et al. 1999). These lines of rcsearch. undertaken
by scientists with diverse backgrounds and inter
csts. form much of the scientific fi'amework tbr
the application ol the U.S. Endangered Species
Act to salmon populations (see discussions ofthis
issue by Uttel l98l: Waples 1991, 1995).

Taken as a whole. one can look at salmon popu-
lations fiom two perspectives. First. they have
countless, genetically-bascd specializations for
unique biotic and abiotic features of their envi
ronments. This perspectivc, bolsteredby the general
tailure ol anadronrous salmonid transplants
(Withlcr 1982. Fedorenko and Shepherd 1986.
Harache 1992), sees salmon populations as tightly
evolved fbr their natal systems. reinfirrccd by neuly
unerring horning behavior. The intermingling of
p , 'pu l r t ionr  mc)  p re \en l  mrn lS :ernent  agenc ie .
tiom protccting the fine genetic stucturc but such
structurc cxists. An altemative and perhaps comple-
mentary perspective (e.g., Quinn 1985, Wood 1995)
is that since the post-glacial period, dispersal has
been as much the hallmark of salmon population
biology in the long run as homing. Following
colonizalion of new habitat, subsequelt homing
isolates the nascent population. Natural selection
and the high heritability ofadaptive traits can lead
to their rapid evolution. Differences in selectively
neutral differences (e.9., nolecular) traits may arise
tr-om fbunder efl'ects at the timc of colonization,
or from clrift over long periods of time.

Having presentcd this brief, and obviously
selective. introduction to thc subjecl of the stock
concept in salmon, thc purposc of this paper is to

nre \en l  \ ludrc :  \uppof l rnB lhe \e  l \  operspcc l i \ ( \
, ' n  Ihc  (oncep l :  f ine  tuned ad lp ta t ion  or  g re l t
capacity for evolutionary adaptation. The stud-
ies are drawn in luge part frorn my own work.
not bccausc it is definit ive but because it is fa
rnr l i r r  lo  Inc .  l t  i s  n , ' t  1ny  ub jcc l i \e  lo  con\ ince
rcadcrs that either pe$pective is conect. but rather
t , \  emphc.  , / c  the  va l id i t l  o l  bo th  \  ieupo in ts .
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What Constitutes a Populatlon?
Perspectives from Brlsto Bay, Alaska
Sockeye Sa mon

The North American range of sockeye salmon
(.Onc:orhynchus nerknl is primarily from the Co
lumbia River to the Kuskokwim River in the Bering
Sea (Burgner l99l). Early research by the Inter-
national North Pacific Fisheries Commrssron re-
vealed that Asian sockeye srlmon (chietly fronr
thc Kamchatka Peninsula and Russian coast of
the Bering Sea) dif lered in rnarine distribution
from North American conspecifics (French et al.
1976) and for some management puryoses the
continent of origin was the relevant scale tbr the
"stock" (Figure 1, top; Harris 1987). However,
data from tagging studies and analysis of natu-
rally occurring parasites revealed that the distd
bution of sockeye salmon tiom the Bristol Ba)'
rcgion of southwest Alaska differed from those
of other populations to the east and south (French
et al. I 976). For example, the Fraser River com-
plex of sockeye populations shows a different
marine distribution (Figure l, bottom), and also
differs from Bristol Bay sockeye in sur\'lval rate
patterns (Peterman et al. l99ti).

Bristol Bay has somc of the world's lafgcst
populations of sockeye salmon (Burgner l99l).
These populations suppot imponant lisheries and
have been the focus ofmuch research, and in some
contexts ''Bristol Bay sockeye" is a meaningful
stock or stock-complex. Despite the many lake
systems tributary to Bristol Bay where adult sock
eye salmon spawn, the adults gcncrally rctunr over
a rarrow time period (Burgner 1980). The popu-
lations also display cohercnt patterns of size at
age and age at maturity (Rogers and Ruggerone
1993, Pyper et al. 1999), suggesting comrron re-
sponses to ocean temperature and density-related
processes. Although for some purposes it is ap
propriate to speak of Bristol Bay sockeye, the
management is based in disfficts at the mouths
of the major dver systems: Ugashik, Egegik,
Naknek-Kvichak, Nushagak and Togiak, and to
some extent these distdcts are functional stock
units (Figure 2). As Minard and Meacham ( 1987)
pointed out, this district based management can
lead to diff iculties. For example, f ishing in the
Naknek Kvichak disbict catches sockeye migrating
to the mydad streams in the Naknek and Iliamna
lake systems, and fishing in the Nushagak dis-
trict intercepts fish with very different pattems
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Figur!'2. Map of Bristol Bay. Ahska. sho$ing the lisling disrricls and localiolrs of couniing to\rers rbf $cke)e salnn)n (nmdi-

r'ied rionl Nfmard md Mcacham 1987).

ofproductivity and lite history. going to discrete
spawning sitcs in the Wood River. Nushagak,
Nuyakuk and lgushik systems. There is always
the danger of over-fishing one population while
attempting to fully fish another. Eflbrts to avoid
such management problcms are complicated by
the similar t imirg ofthe populations and the geo-
graphical proxinrity of thcir mouths. Counts of
adult salnron rnigrating past torvers such as the
one at Igiugig on the Kvichak River provide in-
season feedback tirr managcnrcnt (Minard and
Meacham 1987) but sti l l  ercompasses mirny
spau ning populations.

Evcn thc l'ish migrating to a given liyer s)s-
tem may have very similar t iming, as Smith ( 196.1)
and Jensen and Mathiscn (1987) denonstrated
fi)rthc Kvichal system. Sockeye tagged throughout
the lun were rccoveled at diverse sparvn in-{ grounds
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in tributaries and beaches of lliamna Lake and
Lake Clark. Thus from thc viewpoiDt ofcomner
cial fishcrics nanagement, the Kvichak River is
the smallest practical unit. even though it encom-
passes about 100 documented spawning sites (Fig
ure 3) and tu'o of the largest )akes in Alaska
rDcnror )  e l  r l .  lq6+r .  Th(  Wood R i rc r  r )s tem
includes about 50 spawning populatrons assocr-
rted rvith a complcx chain ollakes (Mariott 1961).
Like the Kvichak River system. it is also man
aged as one unit theugh estimates are made of
the abundancc of adult sockeye salmon at most
of the spawning sites.

The sockeyc salmon ascending the Wood River
tend to spawn in three major types of habitats:
small streams,large rivers (flowing between lakes)
and beaches. Rogcrs ( 1987) pointed out the great
variation in age structure among these groups.
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spa$ning by sockete salmon.

Notably. river spawners tend to spend three years
at sea and so are largel thalt the creek spawners,
which tend to return afier two vears rt sea. The
populations also differ in morphology. especially
the development ofthe dorsal hump in males. Creek
spawners are much less deep-bodied than river
fish ancl the beach spawners are very deep-bod-
ied (Bishop 1990, Wetzel 1993). The river and
beach spawners in Il iarnna Lake show parallel
patterns of morphology (Blair cL al. 1993) and
these have been hypothesized (Blaif et al. l993,
Quinn and Foote 1994) k) result t iom the con-
flicting pressures ofsexual selection (filvoring deep
bodies) and bearpredation (Hanson 1992. Quinn
and Kinnisol, in press).

In Iliamna Lake. there are sockeye salmon
sparvning on beaches oflor-lying islands. u'here
the embryos incubate in watercirculated by wind
driven surtace currents. Only a t'erl knr a*ay other
fenales spawn on mainland beaches and spring-
l 'etl punrl: .upplir 'rJ u ith upu r:l l ing u atcr Thc eggr
deposited by lemales on the island beaches are
exceptionally Iarge whereas mainland beach and
pond ttmalcs havc vcrl '  small eggs, and these
pattems of egg size natch the size of the sub-

strate in which the embryos incubate (Quinn el
al. 1995). There have been no tagging studies to
explicit ly demonstrate homing by sockeye salmon
lo  d  i sc re le  .pau n  inF  . i te .  bu t  na tura l  r  a r ia t ion  in
otoliths strongly indicates that sockeye return to
their natal incubation sites (Quinn et al. in press).
This finding is consistent with molecular genctic
vadation among spawning sites within this and
other lake systems (Varnavskaya et al. 199.+).

For some purposes we might think ofthe sock-
eye salmon spawning on the beaches of [ l iamna
Lake as a population because they clearly share
many attdbutes such as egg size, fecundity. age
and lcngth at maturity (Blair et al. 1993). How-
ever. is there finer stlrcture to the populations?
Experimental displacement of mature salmon
(B la i r  and Qu inn  1991)  and surveys  o f  spawning
dates (Quinn et al. 1996a) provide circumstantial
evidence that the fish using each island represent
separate populatioDs. Not only is there apparcntly
fine populaLion structure on spatial scalcs butthcrc
is evidence tbr tenporal isolation as well. Evel
within a singJe beach on one island, a certaln sectroD
is always occupied prior to nearby areas (Hcndry
et al. 1995). The high heritability of maturation
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date (Snoker el al. 1998) means that there ma)'
be patterns of genetic structure over the course
oI thc spavning season within a single site
(McGregor et al. l99U). The fish that anive carly
in the season not only sccm te l ive longer i it the
stream than late ariving fish but also display dif-
ferent pattems of energy rllocation (Heldry et
aJ .  1999) .

These studies of Bristol Bay sockeye salmon
rurcu l  r  .e r ic i  o [ .ca lcs  a t  uh ich  ue  mul  r ieu
populations: Nofth America. Bristol Bay. Naknek-
Kvichak or Nushagak fishing districts, Kvichak
R i r e r  o r  W o o d  R i r c r  t o u e r  c o u n l \ .  . p l $ n i n g
habitat types (bcaches, creeks and rivers). indi-
vidual islands or crccks, and even temporal seg-
ments of the run at a givcn site. Sonre scales such
as contlnent or_reglon ate too coarse to be mean
ingful as populations and othels such as creeks
or segments of the run to I creek are much too
fine to be manageablc. Nevertheless, studies
on the tlnest scale arc useful because they re-
verl the extraordinary suite of adaptations that
natural populations can display as evolved and
phenot l  p rc r l l l  n l r . t i c  re \pon\c \  to  cn  r  i r ,  ' nmen-
tal variation.

How Rapidly Can Popu ations Evolve?
Perspectives from Ch nook Sa mon in New
Zedand

Thc almost endless ways in which natural popu
lations difler f iom each other. and the complex
adaptations to the environmenI that these di11-er
ences sccm to demonstrate. raise thc question of
hou'rapidlv these differenccs can evolve. Much
of the present range of Pacific salmon was last
glaciated about 1G15.000 years ago. and strays
founded thc present populations. Thus not only
hon]i[g but a]so str-aying is an ill.rportant compo-
nent of the l if 'c histery and evolution of srlmon
(Quinn 1985). The ditlerences in genc fiequen-
cies that are observed among populations have
prcsumably accurnulated gradually through ge-
netic drilt but selective breeding studies revcal
high heritabilitics ft)r important life hislory traits
and imply that populations might evolvc quite
quickly, given sufl iciently intense natural selec-
tion.

Transplanted populations provide opportuni
ties lor studying the early stages of adaptation k)
neu envifonments. There are couDtless iDtroduced
lieshwater populations of salmon. trout and char
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worldu'ide but anadromous salmonids havc pnrven
very diff icult to successfully lransplant. This re-
striction is surprising bccause most population-
specific difltrcnces seem to be adaptations for
aspccts of the freshwaler environment (Tavlor
l991.1 and one would think that marine I it'e would
be more generalizcd and so less problernatical in
new environments. Ncveftheless. the transplant
of chinook salmon tiorn the Sacramento River
(probably Battle Creek, Quinn et al. 1996b) to
the Hakataramer River on the South lsland ofNew
Zealand (NZ) in the early 1900s was successful
and the fish quickly colonized much of the suit
able habitat and established sell sustaining popu-
lations in such large rivers as the Waimakariri,
Rangitata and Rakaia (Figure 4), as well as smaller
rivers.

Colonization must have becn prevalent in the
early years. given the rapidity with which the
salmon distributed themselves. but presenlday
estimates indicate that the homing ol NZ salmon
is comparable to North Anerican populations
(Unwin and Quinn 1993). Examination of data
collected over a period of years in several of the
major chinook salmon rivers revealed diflerences
in several ofthe life history traits conrmonly used
to charactcrize chinook salnon populations in
NonhAmerica: frcshwater lile history type (year
ling or subyearling migrants to sea). age at matu-
flty, length at age. weight at length, fecundiry.
and the timing ofretum fiom the ocean and spawn
ing (Quinn and Bloomberg 1992, Quinn andUnwin
1993). These differenccs indicated that thc popu-
lations are now phenotvpically ditferent, though
the extent to which these diflerences reflected only
differcnt rearing conditions could not be dcter-
mrDed.

To determine *hether chinook salmon havc
evolvcd into genetically distinct populations (in
some sense of thc word) during about 30 genera
tions since the transplant (at a mean age of about
3), rve initiated a large-scale controlled breeding
and rearing experimcnt in 199,+. The null hypoth
esis was that the fish from diff'erent rivers would
not differ when reared under common conditions,
implying that the differences in phenotypic trairs
,  'hservcd  in  thc  ca  r l ie  r  s rud  ie .  werc  cn  r  i ronnrcn
tally induced. On the other hand, consistent dif'-
Ie rencc .  be lueen p , . rpu la t ion .  rn t l  genet ic  con-
trol (i.e.. heritabil ity) within popularions would
lnply that the populations had already reached
some level of gcnetic dil lerentiation.
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In 199.1 and 1995. we sampled adult salmon
fron two populations that had shown phenotypic
differences. thc Hakataramea River and Glenarift e
Stream. and recorded data on length, weight, age.
morphology, egg size and t'ecundity. These phe
notypic data were compared to data on fish liom
the cunent representatives ofthe ancestral Battlc
Creek. California population. We then spawned
the NZ fish in a half:sibling mating design to al-
low us to eslimate the geDetic contribution to lit'e
history traits, and began a complex incubation
and rearing experiment. Wc rcared some fami
lies to nlaturity under common, controlled con-
ditions in freshwater. In addition, wc released

representatives from the families from two dif-
t'erent hatchcrics (Glenariffe and Silverstream).
The use of two hrtcheries provided somc mca-
surc ofinsurance against poor year class sur-vival
at one site and also allowed us to compare the
pcrtbmance of fish retuming to one hatchery l]ear
the coast (Silverstream) and onc larthcr inland
and at higher elevation (Glenarit le). In 1997, rve
initiated anothercontrolled breeding experiment.
this timc with fish fron Glenariffe Stream and
the Poulter River. the lirtter chosen because the
adults diff'cr from Glenarifle Stream fish in spawn
ing date and juvenile l i fe history.
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Our lesults shorv a ntosaic of traits. somc of
u  i r i ch  r rc  i rppr ren l l )  unL le r  : l r . ' n1 :  e l ) \  i ronmen-
lal control and othcrs have a clear gcnetic basis
and dif ltr bet*een populalions. The adult chinook
saln.ron ditler in morphology fionr Battle Creek,
Calit irrnia fish. and also clift 'cr (though to a lesscr
extcnt) bet\\"een the two New Zealand popula
tions (Kinnison ct al. l99Ea). \! 'e arc presently
examining the data on the otfspring l iom the cx-
perimeotal NZ parents and so arc nol sure yet
how nruch of the variation has a genetic basis.
We have e!idcnce that the tempcrature specit'ic
r-ate of cmbq/onic development does not clifltr
bel\\,een populatiurs, dcspite difterences bclween
the ri\,ers in thcmd rcgime (Kinnison et al. 1998b).
Salmon populations adapt the timing ofjuvenile
cnergence primarily by diflerences in parental
spawning date, which is strongly heritablc (our
unpublished data) lather than dcvelopmental rate.

Growth ratcs differed slightly bet*een Haka-
taranrca lliver and GlenrrillL Stream tish (Kinnison
ct 11. l99Ec) but thc Poulter River fish grerv much
slower than Glenarill-e Stream fish under com-
mon conditions (our unpublished datt). This dif
lerence is particularly intercsti ltg because thc
Poulter River fish Lend to spend a full year i l
t leshu'ater prior to seauard migration whereas
Glenarific Stream llsh rear in warmer water and
t)'pically migrate to sea in thcir f irst year of l i fe
(Unwin and Glova 1997). wc infer that the fun-
drmcntal environmental basis for grorvth di1'fer-
cnces betrveen populations is becoming reinforced
b1 r genclic difttrence as wcll. Smaller f lsh rre
less tolcrant of seawater than larger lish (Kinnison
et al. 1998c) and also have lo$er survival rales
at sea (unpublished data) so there wil l be conlin-
ueJ .c lc r  t ion  lh r  l i .h  in  . l t ' u  g to \ \ lhen \ i f , ' r rmun l .
to rcnain lbr r full ycar before going to sea the
life historl pattcrn refened to as stream type (see
Teel et al. 1999 for insights into the evolutionar)'
basis of stream-type and ocean t,vpe l ite histo
rics in Nolth America).

Survival al sea was rot onl," ' correlated with
snolt size but thcre were also family-level dif:
ferences independcIrt of size, suggcsting sone
genetic basis tirr survilal. Survival is nol a tmit
in itself but a consequence of many traits includ-
ing growth, seawrter tolerance, prcdator avoid-
ance. etc. Perhaps mosl exciting $'as our find
ing thal the two populations (Glenarit le and
Hakataramca) showed sinrilllr sur!ival rates when
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released from a site which was home to neither
population (Silverstream) but that Glenariffe fish
had a significantly higher suryival rate than
Hakataramea River fish when released from
Glcnariffe Stream. This "home site advantage"
implies that some form of adaptation for the na-
tal site has taken place that all-ects survival. Of
thc fish that swvived and returned to the hatcher-
ies, there is littlc evidence ofinter-population dif-
fcrences in size at age, but we have detected con-
sistent differeDces between populations in the
timing of return and maturation, and also in fe-
male reproductive traits such as egg size. The
energctic demands ofuprivcr migration also seem
to affect egg size. so the phenotypic traits seen in
wild tlsh ret'lcct the interplay betwecn genetic and
environmeDtal controls. The genetic ditlerences
between populations inphenotypic (possibly adap-
tive) tmits contrasts with the low level of varia-
tion among populations fbund using molecular
markers rvithin NZ, though the NZ tish diflered
irom the Sacrrnrcnto River l lsh (Quinn ct al.
1996b). Furrher srudies, using DNA microsatellites,
are ongoing but it seems that selection hils worked
quickly on lilt history traits and ddft nray lead to
differences, albeit snall. in more neutral traits.

One additional f inding, though not cxplicit ly
a gotl of the study, was that many male chinook
salmon held in lieshwatcr becane sexually ma-
ture at one year ofage. This is not unprcccdented,
either in New Zealand or in thc native range, but
what was surprising was that they survived spawn
ing and lived to spa*'n again, not onl)' at age two
but in sqnc cases a third time at agc three (Unwin
et al. 1999). This i l lustrates that some aspects of
salmon lite histories, which we view as flxed, such
as senelparity (i.e.. death afier reproduction). may
actually be flexible but reveal only one pattern
under normal cnvironmental conditions. Another
cxample ofthis phenomcnon ofapparentJy tixed
traits thrt change in new environments is the age
at matudty of pink salmon. Alnost without ex-
ception they are two yeaIS old at maturity in their
natural rangc but they have been reportcd to ma
ture fuom ages l-.1 in thc Great Lakes (Kwain
r  987).

Conclusions

The population biologl'. genetics and conserva-
tion of l ishcs and salmon in particular is an
exceptionally vital area of lesearch. as revealcd



by thc diversity of papers in the American Fish-
eries Society symposium edited by Nielsen (1995),
the set of papers in a spccial section of the iour-
nal Consen ation Biology (Hed-eecock et al. 199.1).
and thc contributions ofmany scientists to a wide
variet.v of other publications. Ihavc triedtopfesent
two perspectivcs on the subject.InNofib Arnerica.
we see stocks or populations delincd over a range
ofscales, dcpcnding on the management goal and
the tools of the scientists. We can observe differ
ences in phenotype and often also genotype rt
spatial scales that may be too small firr all bc the
most draconian tisheries managcment to actively
protect. These myriad specializations are clearly
crit ical to the hcalth of salmon populations. In
many cases there are obvious adaptive advantages
to the traits, and t'ailurc of the vast maiority of
salmon inffoductions $'ithin and outsidc the natural
lange of the species dso testifies to the impor-
tance of local adaptations.

How. then do we intcrprct &e evideDce liom
New Zealand that sdmon can apparently evelve
quite quickly? Does this mean that all wc need to
conserve are a t'ew gcncdc salnoD stocks and u'e
can use them to replenish any habittt from which
salmon are lostl Or does thcir rapid evolution
demonrlrl l te hrr$ erit iell the Iocal adaptrtion\ ! lre
to the l itness of individual salmor and the pro-
ductivity ofpopulations? The scientists and policy
maken $'restl ing with the application ofthe U.S.
Endangercd Species Act to "distinct population
segments" have a very difTicultjob. rveighing the
vi:dous attributcs that define populations (Uttef
1981,  Waples  1991,  1995) .  They  must  re ly  on
ditfcrcnt kinds of data. including molecular mark
ers. l i fe history traits, and gcology (e.g., Myers
et al. l99E) k) definc the "evolutiorari ly signiti-
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