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Abstract

Although growth is commonly and convemently examrned m ﬁsh as changes in length per umt ume.
- the growth phenomenon represents a numerous array of processes and parameters which a prior have
their _origin in a broenergenc model. Conscious of the compostte nature of growth the _present study
quanuﬁes and conceptualtses the mumplrcrty of growth in the witch “flounder (GIyptocephaIu.r
cynoglo.rru.r) and its relauonshrp to the mformatron content resident in the otoltth including the quesuon
of age validation. Examination of several otolith parameters (length and wet- dry- and ash werghts of left
and nght otolrths) mdrcated that sexual dimorphism occurred after about six years in the right otolith but
was about a year older rn the left otolrth Sexual drmorphrsm in total length and standard length was
apparent from about seven years of age whereas head length drmorphrsm was mamfest from about four
years. Thus, the tnformatron resident in the nght otolith is greater than that in the left otolith, and the
information resident in the head length rs greater than that in erther the total length or standard length.
When sexual dimorphism occurred, it was always the female which was the larger

Drscnmrnant function analysrs (DFA) provrdes a novel and objectrve tool in age valrdatron In the
otolith-based DFA it was the weight measures rather than length, in both left and nght otoliths, which
provtded the greatest contributions to age discrimination. The body-based DFA mdrcated that the greatest
discrimination was provrded (in descendtng order of unportance) by the "skeleton", head length, and the
ventral and dorsal ﬁllets the gonad and ltver, although also provrd.mg srgml' cant contrrbuuons, were
much less i unportant. Both the DFA approaches pmvrded consptcuous segregauon m the age-groups from
two to ﬁve years while overlap was greater thereafter Presentmg the results using predrcted" age (i. e.
provrded on the basis of re-classification of age from DFA) rather than otolith "read" age substanually
reduced data-scatter, In both the otolith-based and the body-based DFA's the first discriminant axis
. pnmanly explamed age related vanabrltty In the body-based DFA, in contrast to the otolith based DFA,
the second discriminant axrs clearly explarned sex related vanabthty ‘Thus, although both DFA’s
: drsungutshed age equally well the body-based DFA was supenor in drsungmshrng both age and sex.
Although otolith length and werghts are evrdently good age drscrtmrnators, their us¢ in sex discrimination
is equrvocal. The apparent overall mrsclassrﬁcatron of age was about 20% i rn both DFA approaches The
otolith-based DFA indicated a peak mrsclassrt' catton at about 6 to 8 years; thus occumng just after a
recurrent "rnﬂectron pornt at4-S years. noted rn the plot of the first dtscnmmant axis agarnst age in both
the DFA approaches The DFA "inflection” age concurs wrth that at which sexual "size" dtmorphtsm
clearly manifests itself in head length, and slrghtly precedes that at whrch drvergence becomes apparent
in otoltth length and weight. Although sexual drmorphtsm in total: or standard lengths was rmpercepuble.
signs of growth rnllecuons were seen at about four years old; these coincide with a reduction in specrﬁc
growth rate and a marked rrse rn the gonadosomauc mdex This probably reflects the advent of the age at
matunty (AFM), in the present study, at 4-6 years m both sexes; changes in the appearance and
consrstency of otolith zones in witch >5 years old are common and probably rndrcatrve of AFM havrng
been reached. As AFM rntegrates both growth and monalrty effects, understandrng its variation in the
context of broenergetrc and ecological coercion is of particular importance for prudent fisheries
management.
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INTRODUCTION

Chamctensue marks appeanng at mtervals during the growth of fish otoltths are frequently
" used as indicators of age (Blacker, 1974; Williams & Bedford,t1974 Jearld, 1983;
Casselman, 1987) ‘The accurate determmauon of age from fish otoltths is essent:tal as
subsequent age-related errors, parucularly when the degree of error is not constant
throughout the life span. may impair the rellabxltty of the estimates for a multitude of
populatxon dynamics' parameters (Gulland, 1969; Beverton & Holt, 1957; Rickér, 1975).

Although growth is commonly and convemently expressed in ﬁshenes btology as
changes in length per unit time (Rlcker, 1975; Weatherley & Gill, 1987), the growth
phenomenon represents an array of processes and parameters which have their origin in a
btoenergeuc model (Brody, 1945; Brafield & Lllewellyn, 1982). Growth is thus a complex

‘ concept encompassmg not only energy supplted (e g. food consumpuon) but also energy
requmed for different, and at times competing, processes and purposes (Calow, 1985;
Hopkms et al., 1986; Reiss, 1989). "Trade-offs" frequently occur when energy is limited;
one of the most notable being that the advent of first matunty, with increased energeuc
investment in gonads, often occurs at the expense of somatic growth or body reserves
(Gadgll & Bossert 1970; Calow, 1985 Clarke, 1987; Wootton, ‘1990) Unfortunately
mcreased errors in age determination commonly arise after the age at first matunty (AFM)
owing to the tendency for otolith zone mcrements and their clarity to decrease with
repeated often annual, reproducuve investment (Blacker, 1974; Rollefsen, 1933)
Furthermore, as AFM is probably the smgle most influential life hlstory characteristic
(Cole, 1954; Peters, 1983, Reiss, 1989; Krebs, 1985), with increased mortaltty frequently
betng associated with a reduction in AFM, better emptncal determination of AFM from
1mproved comprehensxon of body and otolith growth should offer beneﬁts for prudent

. fisheries management.

Conscious ‘of the composxte nature of growth regrettably few studiés have apphcd
multivariate statistical analyses in exammtng etther otolith growth or the contributions and
demands of dtfferent body components and processes to growth of the fish and that of the

~ otolith (see though Boehlert, 1985; Hoplcms et al., 1986; Rtjnsdorp et al,; 1990). With

reference to witch flounder (Glyptocephalus cynogIossus), the ptesent study quanttﬁes
and conceptuahses the muluphcxty of growth (as reglstered in various key body
components) and its relatwnshtp to the information content resident in the otolith,
mcludmg the quesuon of age vahdauon Dtscnmtnant funcuon analySts (DFA) 1s applted to

Rt

. length) and body wexghts (wetghts of: dorsal and ventral ﬁllets, "skeleton" liver, gonad
. and stomach with contents) to discriminate fish age and sex The outcome of the DFA is
used to provxde emptrtcal cntena for dlstmgutshmg AFM i m males as well as females. The
‘ ﬂndmgs are dxscussed in the context of current and future perspecuves in fisheries research

and management, where increasing emphas:s is placed upon decxphertng bioenergetic and
 ecological interplay. .
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MATERIALS & METHODS

Witch ﬂounder were sampled from 220-290 ™ in Novcmber 1986 wuh a dcmcrsal
prawn trawl towed by RV "Ottar”, at Aglapsvrk (69° 3ON 18°13’E) in Malangen, a north
Norwegian fj ord. Details of the trawl and its deployment are ngen in Nllssen et al. (1986)
- Nilsen et al. (1991) and Gutvik (1991).

On deck the witch flounder \ were sorted from the rest of the catch, and groups of five
- to 10 fish were packed carefully in sealed polythene bags before bemg frozen onboard and
stored (-20°C) until funher treatment in the laboratory ashore.

. Individual fish were placed on a Saiter SM 1600 topwelght and the "round" total werght
(TW) determined to an accuracy of 0.01 g Tota.l length (TL, measured to the nearest mm
as the distance from the tip of the lower j Jaw to the tp of the longest median caudal fin-
ray), standard Iength (SL measured to the nearest mm as the distance from the tip of the

_lower jaw to the postcnor end of the ultimate caudal vertebra), and head length (HL,
measured by vemnier calhpers to the nearest 0.01 mm as the distance ﬁ'om the tip of the
lower jaw to the hindmost point where the operculum meets the body) of individual fish.

. . were then determmed General details regardmg fish length measurements and associated
. terminology are given in Lagler ( 1978), Ricker (1979) and Anderson & Gutreuter (1983)

After thawmg, the abdommal cavrty was cut open. and the stomach and intestine
" removed (cut antenorly at the ocsophagus and posterxorly in front of the anus) before the
stomach itself was ‘separated (cut postenorly in front of the pylonc caeca) The total
weight of the stomach (SW) was determined before the contents were removed and the
"stomach itself wexghed alone. The liver and gonad (the latter havmg first been used to
determine the sex of the fish) were also removed and wexghed separately (liver weight =

LW, gonad weight = GW Mettler HK160 electrobalance, accuracy + 0.001 g). ,
After thls the ﬁsh were ﬁlleted by carefully dlssecung thc nght and left (as wuch :

henceforth referred to as "dorsal" and "ventral" ﬁllets DF and VF, respecuvely) swxmmmg
muscles away from the skeleton. The swxmrmng muscles with attached skin were
mdrvxdually wclghed Finally the remainder of the fish (compnsmg the head skeleton and
caudal ﬁn) was wexghed and tcrmed the "skeleton" (SkW). All wexghts were determined
" with an accuracy of:t 001g by a Sauter SM 1600 balance.

Invesuganons of accuracy and precxsxon dunng Iength and welght determmauons were
conducted as described in Gutvik (1991)

:m‘ I LY W el g Tt g

The sex and degree of gonad matunty of mdmdual ﬁsh were determined as descnbed,
by Gutvik (1991) incorporating information in Fulton (1891), Otterstrom (1914), Powles
- (1965), Pitt (1966), and Jikupsstovu & Haug (1988)
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Immature ovarxes are seen as right, thin- walled, transparent and’ sac- hke and lie
postenor to the vent in an extended body cavxty, one on each side of the ventral caudal-
vertebrae (Otterstrom 1914) The ovaries are shmy and vary from a pale colour in
juveniles to more whrte or creamy-yellow in colour in older females. Mature ovanes are
reddish, the eggs are vmble, and they fill the extended body cavity as far back as the
caudal fin. The ovaries on the nght 51de are larger than those on the left side. The sex of
thch flounder with mature ovaries may also be dxscerned by holdmg the fish agamst a
strong light (Bowers 1960). '

The testes do not have the same elongated shape nor do they ﬁll the extended body
: cavrty to the same extent as the ovaries. The testes are flatter and more lobed than the
ovaries. In Juvemles the testes are relauvely transparent while in older fish they are more
white or opaque. In older, mature males the testes are full or distended and the nght one is
larger than the left one. In the case of nght males (TL<20 cm), the testes were tiny and
pamcularly hard to discern with the naked eye, although females of similar size could also
be problematical. In the case of difficult specimens sex determination required the
morphologlcal inspection of gonads under a - Wild M3 stereomtcroscope at 6 4 x
magmﬁcauon ’

~ One of the commonest methods of deterrmmng age in ﬁsh is by counung growth zones
‘in hard body parts, especrally those in the otohths (Bagena.l & Tesch 1978; Blacker 1974,
Harkonen 1986). In the present study the saglttae were extracted from the sacculi of witch
'ﬂounder usmg scalpel and tweezers (thhams & Bedford 1974, Jearld 1983), and then
stored in numbered vials contammg 30% ethanol in filtered seawater (Harkonen 1986)
Prior to age readtng the otoliths were removed from their vials and rubbed between the
“thumb and tndex finger to remove mucus and debns (Bowers 1960; Bagenal & Tesch
1978). Age was read with the sagxttae 1mmersed in glycerol usxng reﬂected hght on a dark
. background such that opaque zones appear wh1te and hyalme zones appear dark (Jearld

~ 1983). Ethanol preserves the otollths dunng storage while it and the glycerol enhance the

~ visibility and counting of the rmg-structures whlch form the basxs for age interpretation
(Williams & Bedford 1974). ’

The use of reflected hght agamst a dark background has prevrously been used for
witch ﬂounder by Bowers (1960) and Powles & Kennedy (1967) Although Molander

as rmg-structures were generally consrdered to be easﬂy drscemtble In the case of
"young" fish (< 5-7 years old) age was pnmanly read from the inner side of the right
otolith, while in older fish (>'5-7 years old) the tnner sxde of the left otohth was mostly
used (Molander 1925). In older fish, the rmg-structures in the left otolith were generally
spaced more evenly and were more distinct (Molander 1925, Bowering 1976), but the
nght otohth was easier to read in some cases

hyalme or opaque material (the former betng a zone composed pnmzmly of translucent
material that passes hght, the latter being a zone composed pnmanly of white, opncally
dense matenal) seen in the otolith and counted for age determination. An annulus refers to
a ring or zone (hyaline or opaque) deposited with annual periodicity. Reviews of
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terrmnology and definitions used in fish ageing are provided by Jensen (1965), Casselman
(1983) and Jearld (1983) '

A erd—Heerbrugg M3 stereomlcroscope (64 40 x magmﬁcauon) was used for
v1ew1ng and countmg the number of hyahne zones (annuh) present The outermost, edge-
zone of the otohth was also noted as either opaque or hyalme The otoliths in witch

" flounder can vary from a more circular shape in juveniles to the assumption of a more

rounded- square shape in older fish (Molander 1925, Harkonen 1986). Innermost, the
otoliths have a darker nucleus followed by a broader whrte zone. Outside these followed

' the first opaque zone, followed by the first hyaline zone, and alternate zones thereafter

dependmg on the age of the fish. It was generally nelauvely s1mple to drsungmsh between
opaque and hyalme zones m fish up to five to seven years of age. In younger fish (< 5-7
years old) the opaque zones were w1der than the hyalme ones, while in older fish the
opaque zones became narrower and age determmauon was more labonous Otoliths which

- were especrally demandmg regardmg reading and mterpretauon were exammed several

umes over longer intervals.

Witch flounder are noted for havmg a relauvely lengthy spawning penod spanrung
from March to September, with a presumed peak from May to July (Btgelow & Schroeder

1953). Egg development (spawmng to hatching) takes 7-8 days at 7.8 to 9.4 °C
(Ehrenbaum 1905, Brgelow & Schroeder 1953, Russell 1976) ‘The yolk sac of the larva is
' absorbed after about 10 days (Ehrenbaum 1905, Nybelin 1935) On the basis of this and

our own observanons, the hatching time (birth date) of Malangen w1tch ﬂounder was set
as 01 June, and the age of fish from otolith readmgs esumated to the nearest month Thus
fish (both males and females) caught in November with a single hyahnc and two opaque

" zones were considered to be 17 months old. Some of these fish exhibited the initiation of

an outermost hya.lme zone.

The lengths of the left and nght sagmae were measured to the nearest 0.06 mm, and
their wet werghts and dry wexghts (after drymg for 48 hr in a desrccator with sclf-
mdxcatrng silica gel) were determmed to the nearest 0.001 mg. Both - sagrttae were
analyzed for ash (weighed to the nearest 0.001 mg, after i incineration at 540°C in a muffle-
furnace).

The age- group system (Cushing 1981) is used to descnbe the year of hfe of the ﬁsh 0-
group refers to those in their first year (< 12 months old), I-group are those in their
second year (13-24 months old) and so forth.

Data-base and statis“ﬁ_c‘ai and é:ﬁbi'ricai treatment

Qata for 20 vanables [sex, age, total lcngth, caudal length head length total body
werght, and wexghts of "skeleton", dorsal and ventral ﬁllets, gonad hver, stomach with
contents; lengths and wet- dry and ash.wexghts of left and nght saglttal-otohths] for
individual witch flounder were reglstered in the SYSTAT data editor (W 1lk1nson, 1988a)

msgnp_nxe_s_tanmgs for the examined age-groups were calculated using the STATS
module of SYSTAT (Wilkinson, 1988a). :
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Discrimiriant Function Analysis (DFA) in the SYSTAT MGLH module (Wilkinson,

1988a) was employed to analyse and test for differences in otolith size (length and various
weight parameters) and body components among the exammed age- groups, and to 1dent1fy
the conmbuuon of these features in drscnrmnanng among the a_nugn categonzed age-
groups (i.e. observed ages, read from otolith annuli). DFA generates a set of orthogonal
discriminant funcuons, or canomcal variates, that maxlmlze the ratio of among—groups
residual variance to the within-groups residual variance (Flsher, 1936; Cooley and Lohnes,
1971; Atchley and Bryant 1975). The Wllk's lambda statistic and its approxlmate
transformation to the F-statistic were used to test for differences between populauon (age-
group) centroxds (see Porebskl 1966) The success of thc discriminant functrons can be
assessed by construcung a conungency table of correct" and "mcorrect with respect to @
pnon allocauons of individuals to age-groups and sexes, and tesung with the likelihood
rauo chi- square test in the TABLES module of SYSTAT (\Wllonson 1988a). Two DFA's

were performed on the witch ﬂounder data: the first usmg otolith length and werghts (wet,
dry, and ash), the second using body lengths (total length standard length, head length)
and body component (dorsal and ventral fillets, "skeleton”, gonad, liver, stomach with
contents) wexghts Loganthmxc (Ine) transformations were apphed to all otohth body
length and body component data.

[T Ei . - .
Where it has been desirable to fit a curve ﬂlusuaung a basic trend in the data, this has

been achieved by avmdmg semi- subjecnve regression techniques and rather usmg "locally .

weighted scatterplot smooth" ("Lowess") methods (Cleveland 1979) tmplemented in the
SERIES module in SYSTAT and in SYGRAPH (Wilkinson 1988a, b)

RESULTS

Otolith length and evéight characteristics and age determinations

Plots of wet wexght, dry wexght, and ash werght of right and left otoliths as a function
of otolith length all show a weak positive exponenual nelauonshxp, with the otohths of
female fish being shghtly heavier than males for otoliths larger than about 5.5 mm (Fig.
Fxg 1 A-F). Plots of otohth length and wexghts (wet, dry, and ash) as a function of fish
age (read from the otohths) shows an approxrmately lxnear relauonshrp, with the otoliths
of females beoommg larger than those of malcs from 6 years of age in the right otolith
while the bifurcation point for the left otohth was about a year older (Fig. 2 A-H).

Age related body length measures

~ In total length and standard length a clear sexually related drvergence with fcmales
becommg larger than males. is only apparent from about 7 years of age, while in the case
of head length divergence is notable from about four years of age (Fig. 3 A- C)
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Age related variation in total body weight and body components
In November, the dorsal fillet is heavier than the ventral one in both males and females,
and the weight of the two: ﬁllets combined is approxtmately equrvalent to that of the
“skeleton". At this time of the year the gonads are small in both sexes and they together
with the liver and stomach with its contents account for < 2% of the total body weight
(Fig. 4 A-D.). '

The wexghts of dorsal and ventral ﬁllets, and that of the skeleton show a weak
" exponential increase with age but no clear sexual dtfferences are apparent (Fng SA,B&
F). The weight of the stomach with its contents exhibits a large degree of scatter with
relation to both age and sex (Fig. 5 E) Lrver wetghts of both males and females tncrease
relatrvely slowly up to an inflection pomt at srx years of age after which a steeper rate of
increase is notable (Fig. 5 C). The ovaries mcrease in welght relattvely slowly up to about
five years of age after whxch an acceleratton is clearly seen, whereas the testes exhtbrt a
weak rate of increase over the whole age range (Fig. SD).

Analysis of age and sex discrimination

The discriminant function analysxs usmg otolith length and we:ghts (wet, dry ash)
mdrcates that although all the vanables provxde highly sxgmﬁcant (P <0.001) contributions
to age discrimination, dry welght and wet wetght provide the greatest contributions (Table
1). Nearly all the variance in the age data is explamed along the first drscnrmnant axis
(DF1) and a large degree of segreganon in the age-groups is seen from two to five years
whilé there is a larger degree of overlap thereafter (ths 6A& B). Compansons of the

‘centroids with 95% confidence hxmts for "read” age and "predtcted" age clearly show that
less overlap of age groups is seen after five years of age in the latter case (Fxgs 6 A & B).
A plot of DF1 agamst "read" and "predicted" age indicates an mﬂecuon point in both
cases, with regard to the inclination in the relatlonshtp. at about 4 years (ths 6C&D);a
greater degree of separation is attained between the sexes from five years onwards using
"predicted" age rather than "read" age.

~ The discriminant function analysrs using body Iength (total length standard length head
»length) and body werght (wetghts of: dorsal and ventral fillets, "skeleton", liver, gonad,
and stomach with contents) parameters indicates that although all the variables provide
hlghly significant (P <0.001) contributions to age discrimination, the greatest contributions
are provrded (in descendmg order of 1mportance) by the "skeleton" head length and the
ventral and dorsal fillets (Table 2). As opposed to the DFA using the otolith parameters, a
srgmﬁcant proportton of the variance in the data is also accounted for by the second
~ discriminant axis (DF2) (Table 2). The first drscnmmant axis (DF1), as in the case of the
otolith based DFA,; pnmanly explams the age related vartabthty (Fxgs 7 A-D). However,
in contrast to the otohth based DFA, the second drscnmmant axrs (DF2) ‘elearlywexplams
age retterates the distinct mﬂecuon pomt in the inclination of the relatxonshxp, at about 4- 5 |
years (Figs. 7 C & D). Although a large degree of segregation is seen m the data from 3-6
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years-old, intermingling with regard to sex is more evident for the 2 year-olds (they are
though distinct from the other groups with regard to age). In fish > 6 years old drsunct:ton
with regard to age/sex is less apparent reflecting a combmatton of reduced age-related
increments as well as fewer data (Figs. 7 A & B). :

A tabulation of "correct” and "incorrect” age and sex classification (a_priori "correct”
age and_sex denoted by the age réad from the otolith and the sex determined from
anatomnical exarmnau_on of the gonads respecnvely) as indicated by discriminant function
analysrs highlights a number of mteresnng features in the otolith and body based

. approaches (Table 4, Fig. 8 A-D). In the case of sex, the otolith based DFA suggests an

overall incorrect determination of about 20% with misclassifications being apparent
throughout most (2to 8 year-olds) of the ages examined (Fig. 8 A), while the body based
DFA suggests an overall incorrect determination of about 1% with misclassifications only
being apparent from 3 to 6 years old (Fig. 8 B). In the case of age, both the otolith and
body based DFA's indicated an overall mcorrect determmauon of about 20%, with the
most w1despread mrsclassrﬁcauon occumng about 6 to 8 years in the case of the otolith
based DFA (Fig. 8 C) while the body based DFA misclassification was relatively
widespread from about 4 years and older (Fig. 8 D). :

Plots and linear regressrons of the relauonshrp between DFA predrcted age (mvolvmg
otolith parameters, and body parameters) and read age (Fxg 9 A & B) show highly
significant relationships (P<0 001) with the regressron constants (a) not bemg significantly
different from 0 and the regressron ‘coefficient (B) not being srgmﬁcantly drfferent from 1
in both cases. Itis ev1dent that drscrepancres between predrcted and read age become more
common fmm 6 years of age in the otolrth based DFA (th 9 A), while discrepancies are

become apparent from aboutl4 years of age in the body based DFA (Fig. 9 B).

DISCUSSION.

The length and weights (expressed as wet- dry and ash wexghts) of the nght and left
otoliths of the witch flounder exhibited clear-cut, posmve relauonshtps with the "read" age
of the fish. This was also true for the relauonshrp between the various body length (total
length, standard length and head length) measures and “read” age. Sexual dimorphism
first became apparent at different ages dependmg on the’ parucular "size" standard apphed
drvergence occurred after about six years of age in the right otolith whilé it was about a

. year older m the left otolith, in the case of total length and standard length sexual

drvergence was apparent from about seven years of age but in head length dtvergence was
notable from about four years of age When sexual drmorphrsm occurred, it was always
the female which was the larger These findings are in general accordance with wrdespread
knowledge of witch flounder whrch indicate that, where size- t-age differences have been
apparent, it is the female as a rulé which is the larger sex (Beacham, 1982, 1983

Bowenng, 1987 1989; Molander, 1935; Bowers, 1960; Nilsen et al.; 1991), although asa
specres the size at age differences have rarely been shown to be substannal However, the
present study clearly tllustrates that the parncular mcasures used to express growth are of
considerable importance: the information resident in the nght otohth is greater than that in
the left otolith, and the information resident in the head length is greater than that in either
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‘the total Iéngth or standard length. This s clearly seen with regard 1o the ability to dtscem

dlmorphlsm ("divergence") at an earlier age as well as the degree of dtvergence

. Discriminant function analysxs (DFA) is used relauvely frequently in stock ClaSSIﬁcauon
and biometrics (Pimentel, 1979; Misra & Ni, 1983; Taylor & McPhail, 1985) but appears
to have been well-nigh neglected for the purpose of age discrimination (see though
Hopkms etal, 1989) The present study indicates that DFA offers a novel and objective

.mvesugauve tool in fish age validation. Being a.multivariate technique it allows the
. various measures involved to be ranked with regard to their abllll'y to dlscmmnate, and

furthermore apphes the measures jointly in the task of discrimination: (meentel 1979;
Legendre & Legendre, 1983). In the case of the otolith-based DFA, it was apparent that -
although all the employed vanables provrde highly significant contributions to age
discrimination, it was.the werght measures (wet-, dry and ash weights) in both the .

‘ otohths whtch provrded the greatest contnbunons The supertonty of weight, bemg a mass '
‘ measure, over length in otolith based age determinations is to be anucxpated Recent

Stlld.lCS (Pawson. 1990; Fletcher, 1991) have emphasrsed the apphcabthry of otolith weight
in agemg fish. The body-based DFA indicated that the greatest contributions were
provrded (in descending order of unportance) by the "skeleton", head length, and the

" ventral and dorsal fillets; the gonad and liver, although also providing significant .

contnbuttons, were much less i tmportant these charactensthally exhibit substantial short-

'scale temporal variability (e.g., gonads in near-adult and adult fish exhibit seasonal ,

maturation cycles supenmposed on age, and ltvers undergo transient changes in size
according to dtgesuve or feedtng condmons and in females commonly exh1btt seasonal
srze-vanabthty associated with ovarian maturauon cycles; Krivobok, 1964; Love, 1970;
Hopkins et al.; 1986).

Both the otohth- and body-based DFA approaches exlubtted consplcuous segreganon
in the age-groups from two to five years whtle there was a greater degree of overlap
thereafter. However, presentmg the results using "predlcted" age (that prov1ded on the

- basis of re-classification of age on the basis of the DFA) rather than "réad" age improved

coherence by reducing the scatter in the data. In both the otolith-based and the body-based
DFA's the first dlscrtmmant axis primarily explams the age related vanabthty In the body-
based DFA,; in contrast to the otolith based DFA, the second discriminant axis clearly .
explamed the sex related vanabthty Thus, although both DFA-appmaches drsttngulsh well
thh regard to age, the body-based DFA provxdes superxor distinction for both age and
sex. Rather unexpectedly, the body-based DFA was equally proﬁcxent at age
discrimination as the otohth—based DFA: both indicated that there had been an overall
misclassification of about 20%. The degree of rmsclass1ﬁcauon in the case of the otohth- -

. based DFA peaked about 6 to 8 yeaxs, thus occumng just after the "mﬂecuon pomt" at 4-
"~ 5 years, noted in the plot of the first discriminant axis agatnst age in both otohth based as

well as the body-based DFA's. The DFA "tnﬂectxon" age concurs with that at which sexual
"size" dtmorphtsm clearly mamfests itself in head length and slightly precedes that at
which dlvergence becomcs apparent in otohth length and weight. Although no sexual
drmorphtsrn in total- or standard lengt.hs is percepuble, they both exhibit indications of an
inflection at about four years of age; thesc coincide with a levelhng off in the specrﬁc
growth rate (Gutvxk 1991) and nses in the gonadosomauc mdex (Gutvrk unpubl) These
pomts are all indicative of age at matunty (AFM) berng reached at similar ages (4-6) years
in males and females. Changes in the appearance and consrstency of otolith zones in witch
>5 years old are common (Gutvik & Hermannsen, unpubl ); similar sudden changes have

~ been noted in the otoliths of plaice and indicative of AFM having been reached (e g.
Rijnsdorp et al.; 1990; Rijnsdorp & Storbeck, 1991).



Gutvik et al.: Growth and age discrimination in witch flounder 10

Although the use of otohth length and wetghts are of great potenual in age
discrimination, their use in sex discrimination appears to be poor. Examination of
"incorrect" sex via otolith-based DFA suggested an overall misclassification of 21.2 %.
This value, however, has to be treated with some sceptmsm as sex detérmination was
carried out very carefully in the present study, with recoursc to mxcroscoplc analysxs when
standard visual observations of the gonads were of little benefit It is pracucally

unposmble. for example, to mxsxdennfy the sex of a large witch- such that suggestxons of .

mistaken sex determinations in about 50% of 8 year olds is unreasonable The body-based
DFA suggests a sexual misclassification of about 1% overall; as the majonty of confusion

- is due to younger (3-6 years) males mistaken sex is a contmgency, albeit small.

. The advent of maturation in fish is dependcnt on n:achmg a deﬁmtc 31ze or agc (Alm,
1959; Weatherley & Gill, 1987). Agc appears to be the most 1mportant in SPCCICS which
mature early, while size is the more unportant factor in those which mature late (Roff,
1982) The tnherent plastl(:lty of fish in xespondmg to envuonmcntal perturbanons can
result in changes in the age and/or size of first ‘maturation (AFM) as growth rate changes
(Stearns & Crandau 1984). The AFM has a great influence on populanon growth rates
(Cole, 1954; Stearns, 1976; Roff, 1984, 1991). In witch ﬂounder, studxes from the

Canadlan northwestem Atlantic indicate that AFM and/or size at first matunty (SFM) can

vary fmm area to area (Bowenng, 1976) Beacham (1983) related t}us to dtfferences in
ambient temperature affecung growth rates. In the majority of fish spec1es males often
exhibit a lower AFM and SFM than females (N”tkolslm, 1969), and this often apphes to

“witch flounder (Bowering, 1976). In witch flounder, AFM has bccome lowered in areas

where stocks have been relanvely heavﬂy fished and older agc-groups have dxsappeared
(Beacham, 1983; Bowering, 1976); SFM (expressed as length) was roughly similar in
males and females, probably reflectmg dissimilar growth rates in the two sexes. As AFM
mtegrates both growth and mortality effects, which are classmally highly correlated

(Beverton & Holt, 1959; Alm, 1959; Adams, 1980; Hoemg, 1983; Roff, 1991),

monitoring AFM and its variation has an excellent potenual for exaimnmg environmental

_ change, parncularly in the context of fisheries managcment. Data on wttch flounder

indicates that the lower limit of AFM is about 4 years (Molander, 1935; Bagenal, 1963):

., fishing intensity that has forced the populanon AFM close to this level has generally been

followed by stock collapses and overﬁshmg charactensucs (Bowenng, 1987, 1989,
Gutvik, 1991 Nilsen, Gutvik & Hopkins, in prep.).
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Table 1. Discriminant function analysis involving 8 age-groups (2-9 years old) of witch
flounder from Malangen, northern Norway, involving length, wet weight, dry weight,
and ash weight of the right and left otoliths (sagittae). F= Fisher-value; d.f. = degrees of
freedom,; significance level P<0.001 (***),

SINGLE DEGREE OF FREEDOM POLYNOMIAL CONTRASTS (d.f.l=15, d.f.2=50)

Right otolith F

P
Dry weight 72.5 * &k
Wet weight 72.4 * x %
Ash weight 70.0 * x %
Length 51.0 * X *
Left otolith F P
Dry weight 54.7 * * %
Wet weight 53.8 * k%
Ash weight 49.2 * * x
Length 46.3 * X %
MULTIVARIATE TEST STATISTICS
Wilks' lambda = 0.008
F-statistic = 2.540
Pillal trace = 2.307
F-statistic = 1.351
Hotelling-Lawley trace =24.508
F-statistic = 8.425

Theta = 0.957, s =8, M = 3.0,

TESTS OF RESIDUAL ROOTS
Roots 1-8
Chi-square statistic = 253.4,
Roots 2-8
Chi-square statistic = 86.1,
Roots 3-8
Chi-square statistic = 53.8,

DF
DF

DF
N

DF

DF

DF

120,
120,
120,

20.5,

120,
98,

78,

318 P

400 P =
330 p =
P = *xxx
= 0.00
= 0.79
= 0.98

* % X

* %k *
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Table 2. Discriminant function analysis of age (involving 8 a priori age-groups, 2-9 years
old) of male and female witch flounder from Malangen, northern Norway, involving
body lengths (total length, standard length, head length) and weights (weights of:
dorsal and ventral fillets, “skeleton”, liver, and gonad). F= Fisher-value; d.f. = degrees
of freedom; significance level P<0.001 (***),

SINGLE DEGREE OF FREEDOM POLYNOMIAL CONTRASTS (d.f.1=15, d.f.2=88)

F P
"Skeleton" 63.7 * k%
Head length 63.4 * k%
Ventral fillet 58.7 * ok %
Dorsal fillet 57.4 * % %
Total length 55.1 * %
Standard length 50.0 * ok
Liver weight 35.8 * x x
Geonad weight 29.4 * ok %k
MULTIVARIATE TEST STATISTICS
Wilks' lambda = 0.008
F-statistic = 5.668 DF = 120, 588 P = xx=x
Pillai trace = 2.460
F-statistic = 2.605 DF = 120, 704 Pp = «*
Hotelling-Lawley trace =16.496
F-statistic =10.894 DF = 120, 634 P = *xxx
Theta =.0.929, S =8, M= 3.0, N = 39.5, P = *x*x

TESTS OF RESIDUAL ROOTS

Roots 1-8
Chi-square statistic
Roots 2-8
Chi-square statistic
Roots 3-8
Chi-square statistic
Roots 4-8 .
Chi-square statistic

434.5, DF = 120, P = 0.00

193.2, DF = 98, P = 0.00

85.9, DF = 78, P = 0.25

53.6, DF = 60, P = 0.70
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Table 3. "Correct" dnd “incorrect” age and sex classification (3 _priorj “"correct” age and
sex denoted by age read from the otolith and sex determined from anatomical
examination of the gonads rcspecuvely) involving otolith (Iengths, and wet, dry, and
ash wexghts of nght and left otohths) and body (total léngth; standard length and head
length, and weights of dorsal and ventral fillets, "skeleton"; gonad; and liver) based
d15cnmmant function analysis, in witch ﬂounder from Malangen, nonhem Norway CS
and CA = no.'s of fish classified as havmg "corrcct scx and corrcct age rcspecuvcly,

¢
i
¥

v . OTOLMH oo} oo . BODY s

AGE/SEX |CSTis [wis . JCAIA A TCs]isTeus - [CANIATHA”

2m sfo] O] 50 of 3Jof of 30 O

of 41 20 50 of 3o of 30 o0

Sum?2 ..} 9| 11..10].10].0]... 0f .6} 0}...0]..6].0] ..0

3m 50 of 50 ol‘eln;l.oo«o

~ 3 2l 3| ] 4|1 201 1|0l o]0 1} 9

Sum3 ...|..7).3]. 30].9{.1]. 10].19| 1|.. 5].19|.1]...5

4m 41 0] 0] 4 0f o] 11]3]214] 8] 6] 429

af 3l 2| 40| s{o of 8ol of 8o "o

| Sum4 .. | 7| 2|222].9] 0]. 0].19]:3) 134].16] 6| 27.3
‘ 5m 510l of 4 1| 20[10] if 911 7| 4| 364
5f 41 201 4 11 201" 910 0f 7|2 222

Sum5...§ 9| 1. 10]. 8| 2|..20].19{.1] ... 5] 14} 6] .30

ém al | 20| 4] 1] 208 8[| naf 7] 2222

of 3| 2| 40| 2| 3] ¢o0j10} 1| 9] 8 3|27.3

sumé .| 7| 31..30] 6| 4| .40} 18{.2] .. 10{ 15| 5|..25

7m 2{o] of 111} 0] 2o of 2o o0

7t 21 2| sof 13 75 40 of 22 50

Sum7..|.4].2{33.3] 2|.4|66.7] .6]| 0]..0]..4].2] 33.3

8m 1 1] 50 20 of 2jof o] 2/ 0 of

8f 2] 1133.3] 2| 14333] 3]0 0] 2] 1}33.3

Sum8 ..} -3].2| .40{-4].1]..20].5[0]. .0f 4].1 .20

om 3o/ of 3Jof of 2/0 o i1} =0

of . 3o o] 3ol of 3o of 30 O

1 Ssum9...|..6| 0]...0}. 6].0} ...0] .5/ 0} ..0] .4].1]..20
| SUM ... | 52[14] 21.2] 54[12] 18.2] 97] 7. 6.7] 82]22] 21.2
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FIGURE LEGENDS

Flgure 1. Wenght as a function of length in otoliths of male and female witch ﬂounder from Malangen

. northern Norway. A and B, wet weights of right and left otoliths respecuvely. C and D, dry weights of

_ right and left otoliths respecnvely. E and F,ash wexghts of nght and left otoliths respecuvely

Figure 2. Lengths and weights of otoliths as a function of fish age read from otoliths in male and female
witch flounder from Malangen. northern Norway A and B, lengths of right and left otoliths
respecnvely. C and D, wet welghts of right and left otoliths respecuvely. E and F, dry weights of right
and left otoliths respecuvely. G and H, ash wenghts of nght and left otoliths respecuvely .

thure 3. A) Total length B) caudal length and C) head length as a function of fish age read from

. otoliths in male and female witch flounder from Malangen northem Norway

Figure 4. Variation in the contribution of body components (dorsal and ventral fillets, "skeleton gonad
llver stomach with contents) to total body wexght (sum of all components total body) as a funcnon of
age read from otoliths in witch ﬂounder from Malangen northem Nonvay A and B, weights for males

_ and females respecuvely. Cand D, percentages for males and females tespecuvely ,

Fxgure S. Vananon in the wexght of body components (dorsal and ventral fillets, "skeleton”, gonad liver,
stomach with contents) as a function of age in male and female thch flounder from Malangen,
northem Norway. A, dorsal fillet; B, ventral fillet; C, liver; D, gonad; E, stomach weight with

. contents; F, "skeleton".

Figure 6. Discriminant function analysxs mvolvmg ‘otolith characteristics (lengths. and wet, dry, and ash
welghts of nght and left otoliths) in witch flounder from Malangen northem Norway A and B, plot of
the l‘ust two discriminant axes (DF1 and DF2) showmg 95% confidence ellipses for centrords (males
and females combined) based on "read” age (age read from otollths) and predxcted" age (age
desxgnated from dlscnmmant funcuon analysrs) respecuvely. C and D, plot of the first dlscnmmant
axis (DF1) against "read" and predlcted" age respectively (sexes, separated)

thure 7. Discriminant function analysxs of age (2-9 years-old) and sex mvolvmg body length (total
length standard length and head length) and body components (dorsal and ventral fillets, "skeleton”,

. gonad liver, stomach with contents) in witch flounder from Malangen. northern Norway. A and B,
plot of the first two discriminant axes (DF1 and DF2) showmg individual 95% confidence ell:pses for
centronds of males (lower) and t‘emales (upper) from 3w6 years-old (ellxpses for other ages‘omxtted
due o excessive mterrmxmg) based on "read” age (age read from otoliths) and predtcted" age (age
des:gnated from dtscnmmant function analysxs) respecttvely. C and D, plot of the first discriminant
axis (DF1) agalnst "read” and predlcted" age respecnvely (sexes dlstmct) E and F, plot of the second
discriminant axis (DF2) agamst read" and "predicted” age respecuvely. with Cleveland smoother
\Ytr‘end mserted separately the two sexes
(northem Norway) usmg otolith- and body-based dtscnmxnant funcuon analysxs (DFA). A) %

"incorrect” sex usmg otlith-based DFA, B) % tncorrect sex usmg body-based DFA; C) %

mcorrect age using otohth based DFA, D) % “incorrect” age usmg body-based DFA. A_prior

correct age and sex denoted by age read from the otolith and sex determined from anatomical

examination of the gonads respecuvely Otolith-based DFA mvolves the lengths, and wet-, dry-, and

~ ash welghts of nght and left otoliths; body-based DFA involves: total length, standard length and head

length and wexghts of dorsal and ventral fillets, "slreleton gonad and lxver Age/sex 2 -9 years of
age, where m = males and f = females, s = m+f for glven age. S =sumof all ages (2-9).

anure 9. Plots of " predlcted" age (age desrgnated from discriminant functmn analysis) agamst "read” age

(age read from otoliths) in the case of A) otolith (lengths and wet. dry. and ash wetghts of nght and
left otoliths) based dlscnmmant funcuon analysxs. and B) body length (total length standard length,
and head length) and body component (dorsal and ventral fillets, "skeleton”, gonad, ltver. stomach
with contents) . based discriminant function analysis, in witch flounder from Malangen, northern
Norway. No s by the data points denote the number of observauons
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