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Abstract
The extent of bilateral asymmefy of 310 mature male sockeye salmon (Or corhynchus nerr,!1) from 6 Alaskan populations was
determined to investigate the rclationship between fluctuating asymmetry in paired morphological characters and physical traits
(body size and shape) that seem to signal male quality- There was marked variation within and among populations in body size
and morphology (e.8.. body depth), but oo differences in the overall level ofasymmetry were detected among the populations, nor
berween the two systems investigated (lakes Aleknagik and Iliamna)- The counts or measurements of a number of the taits
evaluated lbr asymmetry varied among populations. but most differences were attnbutable to population-specific variation in
body size. The six populations exhibiled marked similadties in the pattems of asymmetry. Three paired characters (length of
pectoral fins, number of branchiostegals, and number of teeth) were directionally asymmetdc, indicating a genetic basis for
asymmetry rather than dn environmental influence. Two other paired characters (ventral fin length and number of enlarged teeth)
were bilaterally vdriable but not correlated with any attributc of male quality.

Based on the low variation between the dift-ereni populations in level of asymmetry. we conclude that either stress does not
influence asymmetry levels in sockeye salmon or ihat these populations are under simila y low levels ofstress.

We also explored the relationship between biomass of a nematode parasite (Philonema oncorbnclrl) and asynmetry. The
weight ofparasites was related to fluctuating asymmetry in the ventral fin length but was not related to fluctuating asymmetry in
number of lalse teeth.

Introduction

There is an ever increasing demand for better
understanding of biological diversity and its as-
sessment and maintainance. In plants and ani-
mals bilaterally symmetric morphological char-
acte$ demonstrate fluctuating asymmetry when
symmetry is the rule and there is no tendency for
the trait value ofone side to be larger than that on
the other side. The determination that bilateral
synmetry is related to the developmental stabil-
ity has provided a way to assess environmental
impacts on the individual developmental programs
in biological systems, complementing data liom
genetic surveys (Sarre et al. 1994; Alados et al.
1995; Wagner 1996; Mgller 1996).

Deviations ftom bilateral asymmetry are com-
mon and are usually characterized by a frequency
distribution of right (R) minus left (L) measure-
ments (e.g. Palmer and Strobeck 1986). The three
curently accepted forms of bilateral asymmetry
are fluctuating asymmetry, charactedzed by a

normal distribution of the individual R-L values
with a mean of zero, directional asymmetry, char-
acterized with a mean significantly different from
zero and antir; mmetry. which arises as a genetic
predisposition of an individual towards asyrnrnetry,
but without a specific bias to left or right. In the
last case, the mean deviation of the individual R-
L is zero, but the dishibution is platykurtic (Palmer
and Strobeck 1986; Palmer 1996).

Asymmetuic features may have a negative ef-
tect on behavioral pattems associated with repro-
duction (e.g., Mgller 1992a; Balmford and Tho-
mas 1992; Balmtbrd et al. 1993) thus reducing
reproductive success, and asymmehy appears to
have low heritability and appears largely to be
caused by disruption of developmental processes
(Clarke 1995).

Semelparous Pacific salmon (Oncorhynchus
spp.) have a number of life history traits which
make them favorable for tests of hypotheses of
sexual dimorphism and mate choice. The lifetime
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reproductive effo ofinclividuals takes place ovcr
about 2-J u'eeks ar population- specific sparvn-
ing sites. Maluration leads inevitably to death;
postpoDemcnt olresourccs to future rcprocluction
is thus inrpossiblc. Salmon delclop dramatic sec-
ondary scxual characlcrs at maturit)'. The most
consplcuous teatures are the extelded snout with
large teeth and the exaggerated dorsal hump of
males. Thc srlmon must invest energy to develop
thcsc featurcs, and thel' rnay thus signal the male's
energetic status orotlter indices ofqualit),. These
secondary sexual t'eatures are developed late in
the l ife cycle $ith thc l imited energv resources
rcqulred al sel and in conf'lict u'ith other ener-
getic demands as migration and gonad dcvelop-
mert. The extent of development of these fca-
tures tlso viuies among genetically distinct
popu la t ions  u , i th in  spec ies  (Beacham 1985 i
Beachrnt and Murrav 1987:Bcachametal. 19138;
Blair et ai. 1993).

Quinn and Foolc (199.+) reponed rhat the size
ol cefiain scxually dimorphic teatures (body depth
and. to a lesser cxtent. ja$ lcngth) was positively
con-elated with male social status and rccess to
fenales. independent of body Iensth in sockeve
salmon O. /?eri. l Walbaum. Body depth was
closclv coffelated with condition lactor (wcight/
length ratio) and thc dorsal hump seems to be
used in malc-rnale dispJays. Jaw sizc. also cone-
latcd with condition tactol. affccts the nale's ability
to gape o!er a competitor. and thLls the efiectivc-
ness of the jau s as a weapon_ The der,eloprnent
of the secondarl sexual charactedstics is rapid
and takes place just prior to thc spawning pcriod.
F i 'h  r r  i t l r  l runot rnccd secondr r )  .hJ fJc le t i . l i c .
may thereforc either hirrc a relatively 1ar-qe index
of asvmmetry due to inappropriate developmen-
tal resources or a rclatively lou value if indica-
tors ol sexual qualitv such as the size of sexual
characteristics and levcl of asvmmctry are cotre-
latcd. No specific relatiolship between thc size
of secondarl, se)iual charactedslics and level of
asvmmetry can thus be predicted.

Hanilton and Zuk (1981) hvpothesized rhar
therc is a negalivc con'elalion between parasite
load and secondary scxual charactcristics. No
concllt ion was dctected betwcen the size of the
secondan, scxull chalactcristics of sockeye salmol']
and weight of thc clominant parrsite. a ncmatode
P h i ! o n e nut orrc orh.t ttc lt i  Kuitunen-Ekbaun in
several Alaskan populations (Berg et al. 199-5).
Hou er  e r ' .  lhe  in rc r re lu t ion .h  r f :  he lu  <cn  pr r r r . i le . .
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asymmetn and secondary sexual chlractelistics
were not explored. The puryose olthis study \\'as
to assess the amount of asymntetry, pdmarily fhlc
tuating asymmeffv. of a number of populations
of sockeye salnton tl-orn a rclrtir,ely unpolluted
ald pristine area and corelate thc asymnetr\ with
paraslte load and accepted predictors of male so-
cial status.

Methods

\\'e comparcd indicators of rn e quality (the length
ofthe nalc and the exlcnt ofdevelopment ofscc-
ondary sexual characteristics), with dre dc-qree of
asymmetry in several moryhological lraits in 3l0
nale sockeyc srllrron from t$'o oligotrophic Alils-
krn lakes. Lake Aleknagik and Ilianna Lake (Fig.
l ) .  Wc r l . , '  . jompl teL l  Ihe  J ( i rc (  t ' t  i r . )  In tn ( l r \
with parasitc lord in 2-55 of the fish (Berg er al.
1995). The sockeye salmon in thcse lakes uere
selectcd lbr stud! bccause therc is a large amount
of intbrnation on the populations. including are
structure (Rogers 198?: Blair et al. 1993). nor-
phology (Bishop 1990: Wetzel 1993: Blair et al.
1993) and spawning behavior (Quinn and Foorc
199.1: Quinn et al. 1996). The study pr)pulations
are ven abundant and productive. and are nol on
the periphery ofthe species' range, and thercfirre
werc probabh not under extreme environmeltal
SI ICSS.

The llsh rvere collected inmcdiately bctirre
spawning rvith beach seines or gil1 nets on or near
thelr spawning grounds between July 2-5 and
August 20, 1993. Sockeye salmon from two small
creeks draioing into L;rke Alcknagik.Yirko Creek
and Happy Creek, were collected as thcy schoolecl
Just outsidc the creek mouths. Sockeye fronr
Hansen Creek. also on Lake Aleknagik, were
largelv sampled among sockeye killed by brou n
bears Ur'.vr.r 4/-.1.)J L., but not eaten. In Iliantna
Lake. samples were collected atFinn Bay, Knutson
Bav. and Woody Island (for details sec Berg et
al. 1995). We attenpted 10 sample th(] salmon al
the peak oftheir development of seconda1.'\' sexual
charactedstics (Quinn and Blaf 1992) but rhe Finn
Bar  f i .h  uere  nn t  lu l l \  mt lu r (  in . r rn rp l r i s r ,n  t r ,
the other Il iamna Lakc populations. Fish wcre
processed as quickly as possible atier capturc.

The size or count of se\cral bilateral ch rac
ters was recorded 10 indicate asymntetr.). The
nunrbel of branchiostegals (rays attached anteri-
orly to the hvoid bones. ventral to the gil l  cover)



z5 Km 0-______________j k-

ILIAMNA
1. Fian Bay
2, KnutsoD Bay
3. F\et Dump/Woody

ALEKNAGIK
L Yato Creek
2. Happy Creek
3. Hansen Creek

Figrne l .  Ni . lp ofr \1a\ka.  sho$ing the s.Lmpl ing locrLt ion\ .

is apparently set early in lit'e (Charrett and Smokcr
1991). and these u,erc countcd on both sides. We
irlsu m(r\ulcd screrlI chan.lers rrho'c -izc or
rumber is rnore l ike)y to be attected by cnviron-
r rcn t r l  condr t ion .  th roughout  Jere lo f r r r ren t .  in -
cluding pectorrl and ventral t in lcngths, irnd the
nunber ofteeth on the upper and lowerjau"s. The
Iength of each pectoral t in was measured with
calipers as ihe distancc (in mm) between the outer
rnargin of the pectoral fin and the distant edge
between the base ofthe tin and scrpuJa (shouldcr
bonc). Thc length ofeach ventlal fin rvas deter
mined bet$een the outer margin ol the fin along
d're inner edge to the papilla at the base of the tin.
In the upperjaw there was a distinct gap in dcnti-
tion about one tlird ofthe \\,ay along theiau'tiom
thc front. The number of teeth was determined
in this well-defined anterior alea. These upper

iau',liontal teeth should be ofimpotance fbrtight-
ing capacity of males. We also courted the num
ber oflarge teeth (> 3 mm). The enlalgenent of
some teeth is a secondary sexual chalactedstic
developed iust prior to spa$ning.

Asymmetry of a charactel was calculated as
the absolute difference in the length (or count) of
thc chiuactcr between the right (R) and left (L)
sides. R-L distributions thal depart signil lcanlly
fiom the statisticrl criteria tit idcal f luctuating
asymmetry (mean ol zero, normal disnibution)
are unsuitable as descriptors ol dclclopmcntal
stabil ity bccause a parL of the asymnetry \aia
tion may have agenetic basis (Palrner and Strobeck
1992). Thrcc characters (pectoral lin length. num-
ber of branchiostegals. total number of teeth) ex
hibited significant directional asymmetry and were
ihercforc not uti l izcd as indiccs of l luctualing
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asrnrmehn (Palner and Strobeck 1992). Tuoother
characters (\'cntral fln lel]gth. numbcr of big teeth.)
.houc.l n,' JireL tional l:) mnrcln nf Jnlis) trunrlr).
rnJ  uere  u .c r - l  lo  jh i r r i rc r t r i , / c  l l t r c t rHt ing  r . l rn
metr!. Seven extretle obscrvations out of a total
of,1.960 (310 tish x 16 morphoJogical rneasure
ments) were discarded. as they were thought to
be cithel recording crrors or physical deformi-
ties unrelated to t ' luctuating asymmetry.

\\'e selected scvelal morphological features for
mcasurement on thc basis of their inlolvcment
in male displays. aggrcssion. atd social status
(Quinn rnd Foote 199.1). These included len-qth
(from the rn iddle of the eyc tothe eDd ofthe hypunl
plate). ancl three secondary sexual chalacteristics:
body depth (perpendicular Lo the long axis of the
flsh liom thc rnterior ilsefiion of the clorsal fin
1() the belly). snoul lcngth (mid-eye ro l ip of up-
perjaw). con!istent with Quinn and Blair ( 1992)
and Quinn rnd Foote (199.1). rnd the number of
large lceth. As all three sccondiuy sexual char-
acterislics rvere correlated with l ish length. wc
snbstitutcd the residuals of site-specitic regres-
sions of these character-s on bod\ lcngth tbr their
ra* r 'alues (Quinn and Foote 199.1).

Parasite load was mcasured as the wet wcight
of the dominant macroparasitc in these popula-
trons. the nemak)de Plti lonema oncorhtttchi.
Parasites $,ithin the abdomen wele readil l vis-
ible and easily collected for latcrassessment (Berg
ct al. 1995). The disLribution ofparasite weights
uas highlv skcwed. accoldinglv. the natural loga
rithrn of parasite load was used fbr all analyses.
Onll' I of 2-55 fish assessed for parasites had lone,
to permit log transformation. the smallcst obserled

parasi|c lorcl was substi lurcd fbr this obser\ation.
We calculated all possible conelations between
the firur signals of nrale quality (length and the
residuals of thc three secondar\ scxual charac
teristics) and the hvpothesized predictors of malc
quality (fluctuating astntmetry and parasite load).
We J.o cai(ulf l.J rhe con ellt iorr. heru een paruritc
load and the degree of l luctuating asymnlcrry.

Results

Thcrc *,as ntarked variation rvithin and between
sites in the size of molphometric or number of
medstic traits (Table l). Continuous characters
(bodl depth. snout length. f in lcngths) rvere
strongly positively conelated with body length
(p < 0.001). The numbcr of s mall and largc teedr
in the upperjau'was signiticantly corrclated with
lcngth (p < 0.00l). The nunbers of lower jaw
teeth counl had conelations \\, irh length with p
ranging between 0.15 (not signiticart) and 0.01
among the populations. Branchiostegal number
was not correlated with bodl length. The popu-
lations diflered in mean length and nany of the
intcr-population dil'lercnces di sappeared when fi sh
length rvas accounted fbr-. Anal)sis sub!tituting
sea age (where most grou'th occurs) for body lenglh
yielded similar patterns of correlation and of sta-
t i . t i r ; J  . i g  n  i f i e l r t e e .  \ e r e r t h c i e . r . . , ' m e  r r r i r .
vaded between LakeAleknagik and Iliamna Lake.
nolablv body depth evcn afier the effects of size
were removed (p < 0.05).

There rvere a number ofinter-trait correlalions
between the difterent charilcters \\'ithin the pooled
material such as bclrveen Dumber ol upper (and
lowcr)jarv teeth and both pectoral and vcntral lio

ll\ul-Fl l. Pooled (common) ncan length/c oun t of th e diliercnt chraclers fron fie d Lllerent \irer. Fi!h. pectorrland vcnlRl lin
lcnglhs rre in nlm. r,hilc othcr chrurctef\ are couns.

Length of Pcctoral Venrrill Br.rnchio- Uppcr
iish fin lcnglh iir length srcgals big teeih

Lrppef l-o\rcr Lo\i er S.rn e
ro[ l  teeth big rec( l  rota l  teeih s iuc+

Hrppl

Hanse.

Aleknagik

Finn Br)

KrLrd$n

Fucl  Dunp

Iliamn.r

.1611

.1.19

,161

198

159

8].IJ

89..1

8 t . 7

85.3

88 .1

96.1

f E 7

91 .8

61.-r

61.9

62.7

4r3.8

6S .9

66.6

67 -l

13 .2

l t . l

1 1 . 9

12.7

l2 . l

1 2 . 6

1 3 . 2

12.8

2 .7

3 .2

t . 2

-1.0

-r.1

1 .3

3 .0

3 .1

1.6

7 .8

1 .1

7.7

7 . 1

1 .1

7 . 1

1 .1

3 .7

3.- l

3 .8
L5

1 .6

3.6

11.6

18 .5

18 .1

1 7  5

t 7 . l

17.8

50

5 l

55

l2

60

153

" maxirru r! nor lll mea\u.emcnt\ wcre obt.rined ibr c\,cr! lish
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TABLE 2 Pooled (colnmon)nrean diiicrence iright leii sjdc) ior ner\ufed bilateral char.rcters in the djtTcrcnt Dolrulrtions

Pcclorul f in lengrh \ ( n r r l l i n  l e n e  d r Branchio-stegal \ Bi !  teet  l Total teerh

Hrppy
Hansen
-{lcknagik
Finr  Bal

Fuel  Dunrp
lliamna
A t l

- 2 .1
t . 1
u..+

-1,5
0.5
0.5

-0.8
-0.6
- l . l  *

, 1 . 0
0.:

-0.9
0.6
0 .8

-0.8
1 .5

-1.2
-1.3
-1 ,0 *

-0 . I
0.:
0.2
0,tl
0.1

0.1
0.2
0.1

0 . I

0.2
0.5
l . l
1 . 2
l . l
0.7*

-0.6

0 . r
0.5
t . 0
-0.2

'  mcun di l fef \  \ icni f icarx l )  i io l r  0 ( \ { . rnn-Whitne,v U tcst .  p < 0.05)

T,{BLE 3.  Corfe lat ion (r )  bet$een indices ol  nale qu.r l i t !
and ilucluatirg as)-nlmetf! or prfasirc lo.rd

size (p < 0.05). Thlee paircd characteLs were
directionally asymmetric (Table 2) implving a
partirl genetic basis lo the asynmeffy rathcr thrn
pure environmental int' luences (Palmer ancl
Strobeck 1992). Pectoral tin length and the number
ofbranchiostegals rvere grcater (p < 0.0001, Mann-
Whitnel U-test) on the lcftrhan on the dghl sidc.
\\'l]ereas the total nunber of tccth was greater (p
< 0.002. Mann-Whitney U test.) on thc right side.
Ventral 1in length and number of large teeth were
thu. Ihc t\\, r chanctcrs lcft u here l iucturtinp u.r rn-
metrv could be detected ancl the six populations
exhibited similar patterns of rs)'mmetry in the
measured traits.

Fluctuating asymmetry iD vcntrrl lin length
\\as \\,cakly but signihcantly (p < 0.02) negativelv
coIIc]ated $'ith the leDgth of male sockeye (Tablc
3) and a similar buL positive corelation (p < 0.02)
was found between another indcx of condition.
rcsidual body depth. and tluctuating asymrnctry
in the number ol laree teeth. Othcr correlations
b( l \ \ ccn  i t ld i (e \  n l  con , - l i t t , ' n  i rnd  lhc  de i re (  o l
as)'mmetry varied in sign. but $ ere not signifi-
cant. though there rvas a nearly significant nega-
tive relationship bctween the number of lar-ee teeth
and thc avsmmetry in their counts (p < 0.06).
Overall. there was no consistenl pattenl ol come-
Iations bctween signals of male quality and
fluctuating asymnetry. There uere lo correla-
tions (p > 0.05) bctween the logarithm ol para-
site Philoletnd oncor*rrrr:ltl rveight and the tbur
indices of nalc condition (Table 3). Parasite Ioad
was relatcd to tluctuating aslmmetry in the r,err-
tral l in length (p < 0.05. r = 0. i7) but u'as not
relrted to tluctuating asymmetrl il nunbcr of large
lecLh (p > 0.05, r = 0.08).

FA ir
\entra l

I rd ices of  a lc qur l i t )  lengrh

FA in In
+ big (Parasi lcJ

lceth load)

r-engrn
Residual Hulnp
Residual Sl10ul
Residual# Big Tceth

0.13i 0.0r 0.0.1
0.0: 0.13'!  0.07
0.08 ,0 03 0.01
0.0,1 0.12 0.01

:' = p<0.05

Discussion

Fluctuating asynrmetry is considcred to be an
epigenetic measure ol the abil iry of individuals
to undergo identical developncnt ofa bilaterallv
symmetrical charactcr. The present sludy was
designated to get a reliable estimate of f luctuat
lng asymmetry in a number of characters. A large
number of measurements (nearly 5000) should
prov ide  r  h rs i .  l ' , , r  r  d iscu . . i ln , , l  i r \ \mm( t r i c .
amon-q the selected populations. Several authors
agree that antisymmetry and directional asym
netrl may have a partial genetic basis, rendedng
these forms ol asymnetry uscless tbr studies of
de\,elopmental instabil it l , (see e.g. Palntcr &
Strobeck 1986: Grahrm et al. 1993). Olfive char
acters investigated. tlxee wcre directiolallv asvm-
metric. Such paramcters are not used in the sta
tjstical basis fi)r t'luctuatiDg asyntmetries, as tlte
differencc betu,een sides probably rcflect more
than simple developmental noise (e.g. Palner
I996). Further comparisons among populations
of sockeye at morc marginal areas of their tange
should bc perlbrned with a ll ider characLer sct.
q,'here other (fl uctuatilg) asymntctric characters
could be ircluded.
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The bod) lcnglh. weight and particularly body
depth varied betrveen the populations fron Lake
Alekna-sik and lliamna Lake. Such an effect ma-v-
be explained by the tact that lhe AiekgDagik popu-
lations rvc sampled wele creek-spawners, whereas
the populations sampled liom Iliamna Lake sparvn
on beaches. The limited acccss 1o shallow cleeks
b,"- deep-bodicd males and size selection preda-
tion b)'bears (Hanson 1992) havc been hlpoth
esized to inllucnce population speciflc patterns
of size and rrorphology (Rogcrs 1987: Blair et
al. 1993; Quinn an(l Foote 199,1).

Substituting sca age for body length did not
alter thc significant conelations nor the intcrac-
tion betu,een the tactors. Thc rcsults were there
tbre given as rclalionships u'ith body size ancl not
uith the lactor sel age rvhich is intercorrelated
\\ ith sizc.

(  iL .n . l i ( ]  : l t r \ ( ) :  . r l  nn tur i r l  p l l fu l . r l i , ' n \  In : r \
be insufficient to identif,v populations with ge
netic problems or to dclcct the impact ot ervr-
ronmental sfcss on the population. The possi-
bil i ty that a nrorphologicrl approach using the
tlequcnc-"' and size of asymmetries can conrplc-
mcnt  lhe  h iocher r i . . r l  t cchn iquc .  lb r  r . .e . . in !
componcnts of adaption of natural populations
(e.g. Sane et al. 199.1) is very atlraclive. A rap
idll growing i iteraturc indicil les a cofie]atlon
between dcrclopmental instabil iq/ and asymme-
1r)-, implying that asymmetr-"' mighL also be used
as an indicator ol 'cnl irorunental stress (e.g. Soule
1967: Palner and Strobeck 19116; Parsons 1990:
\,lollcr 1992a.b;Emlen et al. 1993). althou-sh somc
aulhors ha\e cautioned about comparisons bet\\"een
taxononic groups (Clarkc 1997) or to the wide-
spredd usc of l lucluating asyrnmetl-y in a \ariely
ofcomparisons (Palner I996). Thc popularions
that $e invesiigatcd shorved similar levels of as-vm-
metry. \\ 'e conclude that eithcr strcss does not
inlluence as,-mne1r1- in sockeye salmon 0rthese
populations are under similar le\'els ol slress.

The question ofhonest signxll ing (i.e.. whclher
individually vali irble tri i i ts rcllcct indices of 1it
ne .s  l i ke  t ,  rnJ i r r ,  rn .  cncr !c t t r  con le  t  o r  p r r i rs i te
infection load of the animal) in matc choice situ
ations has bccn treated in a nunber of inlestiga-
lions (e.g. Balnlbrd et al. 1993: Evans 1993: ,\,loller
rnd Pomiankowski 1993: Evans et al. 1995:Folstad
et al. 1996). Most studies have shown positivc
conelations betrveen presum;ibly bcnclicial physi
cal chalacters and reproclucti le succcss, but fe*
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experimcntal sludies have been perfomed. WiJey
(1991) revie$,ed some of the experimental stud-
ies and concluded that behavior pattcms rather
than morphology might explain differences in
reproduclive sucess.

Quinn and Ftrcte (1994) Iound that body length
and especially body depth of Woody lsland male
sockeye salmon wcrc associaled with spa$,ning
ground status and reproductive opportunity. The
lltress of an individuai is aflected by many fac-
tors. ald the size of rnorphological lraits and lev-
els of asymmetry may cofclate wilh fitness. Fit
less is. however, also influcnccd by vigor and
lish rvith relativell, large invcstments in second-
ary characters may havc lcss energy left for the
demand ing rcproductive beha\,ior patten]s. Some
of thc morphological characters. notably teeth
counts, are developed at a late stagc. whcn thc
other secondary sexutl charactcristics are also
developed. The developmcnL of these features
may stress the fish, thus incrcasing rsymmetry.
Enlargement of the tiontal tceth into secondary
sexual chiracteristics occu$ at rvhat could be a
strcssful period in the life cycle. u'hen salmon
are migrating fiom saltwater to tieshwater. un-
dergoilg major environmental. phlsiological and
morphological changes. Body depth becomes
exaggerated at this tirne and clccp-bodied nales
had less symmetrical counts of large teeth than
small males. Howevcr, Clarke (1995) reviewed
the evidcnce and concluded that there rvas inad-
equate e\,idence to suppon any application of11uc-
tuating asymmetr)'as a tltness mcasurement. He
llrther cluestioned $hethcr fl uctuating asymne-
tr1 shouJd be used as a substitute lbr conventional
l i t o e \ r  n r e J : l r r e | l l e n t .  u t t h i n  c r , n \ c l \ i l l i u r l
plogrammes. Our results are consistent $,ith those
conclusions.

Pua'ite iord and the degtee ol l lucturrting r.1tt r-
metry i l ventral l in Iength were signiticantly cor-
related. but not with asymmedy in the number of
large teeth. The parasites rvere acquir{)cl by j uvc-
nile salmon rvhile they are rearing in freshwalcr
prior to seawlrrd migrrtion (Berg ct al. 199-5 ). There
was no reiationship bcLrveen parasite load and
indiccs of male condition. Conelations $'er.e u'eak
and sometirnes even positive. despite a wide ran-uc
in parasite loads (0-28 g: Bergctal. 1995). The
mirrimurn rveight olparasites observecl (28 g) was
less than l7c ofthe rveight ofthe avcragc salmon.
horvever. these loads constituted a largc fraction



of the space lvailable in the body cl ' i ty. obscur-
ing marv of thc organs. Parasitc weight of
Philortenn otktn'htnclr1 is not a useful indicator
ofstress during the buildup ofthe secondary sexual
characterislics of the salmon.

Studies have rcported positive and negative
evidence for rclationships benvcen parasite load
or l luctuating asymmetr) and indices of f itncss
(Holnes and Zohar 1990: Folstad and Karrer 1992;
Alados et al. J 995; Folstad et a]. I 996; revieu' by
Mdllef 1996) and meta analysis has indicarcd
considerable vaiation in suppon fbr such hypoth-
eses (e.g.. Hamilton and Poulin 1997) . The ab
sence ofcorrelations in our study may cottribute
to aD assessment ofthe overall prevllence of such
phenonena as they provide a baluce to the ''posi-

t ive" results that are more readilv published. We
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