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Abstract

Mortality ot larval tish and mvenebrates mayv
potentially be estmated from indices of lurval
condinon or heaith, on the assumprtion that far-
vag 1 poor condition grow slower and are
subject to the curnuiative cffects of starvation.
predation or disease. Larval conditron ntegrates
feeding success of the previous few days and. o
the extent this intluences growth and mortality.
may ultimately determine not ondy recoitment
but also the structure of adult assemblages, This
paperbnetly reviews morphological. biochems-
cal, otolith and histological condition indices.
with specitic reterence o a comparson of dry
weight. lipid and otolith indices ot petugic juve-
nile cod (Gudduy moriy. Morphologicai indi-
ces such as body depth or dry weightare simple.
but are o11en insensiive. and require shrinkage
correction for the euariv larvae. Biochemmical
indices <uch as RNAJDNA ratio appear o be
equivalent across species. but require sorting of
the farvae at sea betore rapid freezing. The
penpheral increment widths of the otolith are 4
simple measure of recent growth. whiie histo-
logical measurements of the fut epithetium or
muscle cell diameter represent adirect index of
starvarion mortatity.

Validation ot indices 1s necessary, but cau-
ton 15 advised when extrapolatng from reared
larvae 1o the field. The within-larva corretation
of many indices is low or not signiticant prob-
ably due 1o varving temporal responses 1o star-
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vatton of cach index. In general. condition indi-
ves must be tuilored to the species und the size
far stage), There are very few Auwstralasian
studies of larval condition. The relauve high
diversity and low density ot Australian fish
larvae, requires indices t be equivalent across
species to ussess the impact of oceanographic
features or events.

Introduction

Starvation has been proposed as i major source
ot larval mortality, but s rareiy observed in the
needan fe.n. Strashurg 19594 Indices of larval
condition - such as heaith and growth - are @
relativeiy new technigue 1o objecuvely assess
the impact of oceanographic conditions (or
aguaculiure technigues)y on prey distribution
and abundance. and ultimateiy on potential sur-
vival. Since the inttial studies of larval condition
bv Ehrlich er ai. (19761, and O'Connell (1976;
19804, who showed evidence that up to 8% of
wild cluperd larvae were in starving condition,
many studies have since confirmed that {eod. or
feeding opportunity, is o limiting tuctor for
larval survival {Setzler-Hamilwon er wf. 1987,
Cunseguently the recruitment limitation hvpoth-
2ses In fisheries that invoke farval survival as
deterrmiming erther vear-class strength or aduit
vomTtnunity structure +Dohenty and Willjams
19R8Y may now be wested. Such an approach 1s
atractive given that obtaining robust estimates
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of tarval moertality in the field is highly unilikely
{Taggart and Leggent 1987). Most condition
indices probably retlect the feeding environ-
ment over scaies ot 2-7 days.

Condition indices involve the assessment
of a starvanon sensitive varable. which then
must be standardiscd by a starvation insensitive
variable ( Table i 1. The morphometric vanables
indicate 2 heavier or futter larvy per unit length.
Ash welght mayv ncrease o larvae n poor
condinon due o relatve inerease in skeleton
and skin. and osmotic mflux ot sults iEhritch
(9745 but otber studies have shown ash o
decrease due to decreusing ossilicanon ot the
sketeton. The amount of RNA s directly pro-
portional to the amount of protein svnthesis,
which 15 standardised by the number of cells
IDNA content). The tnacviglycerol iTAGY in-
Jdex indicates the amount of storage tat standard-
ised by the amount of structural fat {ichoiesterol
is a4 component of cetl membranes:. The otolith
index shows the wrnount of teeent {or pernph-
eraly otoitth vrowth refative to larval iength,
Finalby the histological index may be a summed
score estimated {Tom a number o targer tissues.
orsimply 4 measurement of cell size tenher gut
aputhelum or muscle cell diametery,

A major assumption s that an ndex 18
positively correiated with larval survival, such
that larvae in good condition will continue to
leed well. and be fess suscepuble o predanon
and disease due to spending less fime n the
tarval phase te.g. Shepherd and Cushing 19807,
Condition mdices cannot acceunt for unfavour-
able advection which could operate regardless
ot larval condition.

The uses and imitations ot condition indi-
ves are stll heing explored. and some magor
quesuons 1o this tield are as follows:

I are the vanious indices correlated?,
21 are condition mdices comparable between

different developmental stages .

31 svananon withinan mdividual larva greater
than between individuals?;

Lr
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4y and what are the linmlitations of the various
indices?

In this report [ wish to address these issues
trom published information on larval condition,
and illustrate my case with data on pelagic
juvenile cod >12 mm standard length (Gudus
marauay 'rom the N.W. Atlantic (Suthers er af.
19923, The data are umque because 3 different
mdices of condition tmoerphological. biochemi-
zal and otolithy are compared from the same
individual,

Materials and methods

Pelagie Juvenile vod were collected ot south-
western Nova Scotla in the northwest Atlanue
duning May and carly June of 1937 [cruises 87-
f. 87-2 respeettvely). Eucty larva was Ireeze-
dred (DWTY, had the otoliths extracted (OTOY,
and then was lipid extracted (TAG). Details
may be found in Suthers er i, (in press). The
outer 14 daily growth increments and otolith
radius were measured USING an IMage analvsis
system (Campana 1987 Suthers er af. 1989,
These growth increments were assumed 1o be a
conservative ndex of recent growth, reflecting
the environniental condions al capture. Durtng
TU8S, measurements were made 1o a resolution
of +0.04 mm: anal body depth tABDI. pectoral
body depth (PBID), eve diameter tEYED). and
heud length (HL atter Koslow ef af 1T9RS).
Condition indices were then calcniated as
residuals of untvanate regressions of the starva-
non dependent vanables on SL. Also. for each
cruise a principal componemt analysis of the
starvation dependent und independent variables
wis pertormed.

Resuits and discussion
1. Correfation of TAG, DWT and OTC.

After discarding the tirst (size) component. the
piots of principal components PC2, PC3, and
PC4 show that OTO vaned differently relanve

1o the other vanables (Figure lay PC2{<7% of
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the total variance ) was a conirast between OTO
and all other vanables. while PC3 (<4%) repre-
sented a contrast berween TAG and SL. PC4
contrasted CHOL and DWT with TAG and SL
i< 1% of total vaance.

Similarly for cruise 85-1.2. PC2 (5%) also
contrasted OT¢ with all other variables and
PC3 {1%) contrasted the 2 body depths with
head length (Figure tby. PC4 conrasied head
length with eve diameter - 2 result found in
morptometne studies of herring 1Ehrlich er wi.
1976, McGurk 1985as.

Notsurprisingly theretore ftom |6 pairwise

index compansons nncluding o varety of

cruisesd, the correlauon of OTO index wuh
cither TAG or morpnometre imdices was otten
£e10. ur not significant tSuthers ef af. in press.
The DWT and ABD indices were usually sig-
nificantly correlated and partcutarly the TAG
and DWT indices.

Why 15 OTO telling a differemt story ? The
answer may e in the raet that otobieh growth iy
zenerally correiated with somatic growth, which
15 fundamental (o larval survival, [r is unlikely
therefore that pe lagic juventles will store excess
TAG in preterence 10 growth (Fhrlich 1974,
Note however that these conclusions are species
specitic - for exampie cod have approximately
triple the TAG content of capelin which may
swamp any varation in hipid levels, Some larval
bivalves and crustaceans need a lipid reserve for
settiement or metamorphosis, and TAG versus
CHOL mayv be a usetul index in these species
iFraser 1989} The conciusions may also be size
specific - the impontance of TAG us a condition
index in larval cod is unknown. Finally, note
thitotodith growth tends to be verv conservative
relative 1o body growth, and under poor growth
the otolith will still lay down a narrower duily
growth increment. uitimately producing a heavier
or larger otolith relative w fish size tRezmick of
al. 1989 Secor und Dean 19891, This problem s
ameliorated. as in this study. by consideting
onby short (14 d) time intervals,
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Marun er ef. (1983) compared the condi-
tion of striped bass larvae trom samples taken
over 8 weeks using 4 measures of condition,
each derived from separate larvae. The husto-
logical score (of a number of target tissues) and
RNA/DNA rauo fluctuated similarly {no corre-
fation statistic provided), and a morphoiogical
score showed a roughly simiiar pattern (Figure
2%, Content of tree fatty acids declined through
the sampling pertod. and appeared to be an
ansatisfactory index tiree fatty acids are the
phvsiciogically mobile Hipids, and are the break-
down product of TAG and phospbolipidsy. As
low correlations between indices occur even
when values are derived from-the same indi-
vidual, it appears that each ndex. for cach
species. A each size. may operate a a different
response rate to the starvation event (or nor at
all'y, Martin and Wnght (1987 concluded that
RNA/DNA ranos respond the muost rapidly o 1-
2 dy, morphology the most slowly 13-7 d) and
histology at an intermediate rate.

2} Condttion in larval vs. juverile fish

Itis cenerally believed that pelagic juveniies ure
iess susceptble o siarvanon than larvae. pre-
sumably due to the inerta of having larger body
reserves and liver, and due 1o selection against
slow crowimng larvae, In general, pre-fiexion
larvae do more frequently exhibit emaciauon
than post-tlexion larvae, or are more cusily
discnminated as starved or moderateiy starved
trom both laboratory and Held studies 1 Martin er
af. 1985 Powell and Chester 1983: Grover and
(Hla 1986: Yin and Blaxier 1986: Clemmesen
1989%. In particular. Theilacker { 1986) showed
the proportion of dving/starving larvae changed
dramancally from <35 mm larvae o 3.3-3.0
mm larvae. However, authors who have exam-
med condition N pelagic juventies 1o the wild
have also tound evidence ot food limitation.
Baiiey ¢ 1989} found that 30-60 mm walleve
pollock grew signmicantly faster at a siation
with ten umes the biomass of zooptankion,



based on the outer 1en daily growth mncrements
of the otolith. Karakin er af. (19893 {found that
viriation in the width of the peripheral ten daily
increments in juvenile plaice ¢ 10-40 mm, was
attributed to food supply. Peterman ¢ 1987) con-
cluded for Pacific salmon that most of the den-
sty dependent component of mortaiity occurred
i the rirst 12-1¥ mo (during the innial manne
phase. and not1n the natal streams). and that the
soopiankton prev abundance was the proximal
iuctor. Rearing larvae to the pelagie juventie
<tage in the laboratory Tor validation ot condi-
tion indices 1x difficult. but it would seem that
starvauon mornality inoeven the later stages
necurs but 1s uiten overicoked.

31 is vanation within farvae greater than
between?

Despite the surprisingly low correlation of indi-
ces rrom the same larva, varanon in condition
atlarge spatial scales appears to be the dominant
~1ignal. To address this. four nearshore and tour
affshore stations were randomly selected from
the 1285 data set (Swhers o 2f 19921, and four
lrrvae were selected trom wathin cach sample
witich had DWT. ABD and OTO measured. The
studentised residuals (o bomogemse the van-
anced of cach index were nested wihin fish fas
replicates), 10 a fullv nested 3 factor ANOVA
tUnderwood 1981: Tuble 21 There were large
sigruricant differences in condition between the
inshore and offshore tdue o the low zooplankton
biomass nshore, Suthers o1 af, 1989}, but oi
IMPOrtance 1o this issue - the condition or farvae
wihin a sample were not siemiiicantly ditferent
cand the M8 of the error term was the smallest s

4) Limitations of each index?

Morphemetric mdices are simple. and require
no special preservation but the results are otlen
insensiive - parnicularly tor larvie - unless the
ciffects of shrinkage due to ume since death and
preservation are taken into account (Thetlacker
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1986), This entails caretul laboratorv calibra-
tion, and dedicated short piankton tows,
Multivariate measurements mav moderate the
shrinkage problem (particularty the apparent
contrast between LYED and HL in cod and
herning ). Pelagic juventiles >10 mm are less
susceptible tothis shrninkagze. and ABD seems 10
be a simple echnique. All such measures are
species specific.

Biochemical indices require rapid freezing
of the farvae at seu. which poses difficulties in
trving to identity Jarvae and separate them from
the zooplankton. The main advantave ot the
RNA/DNA method 15 that 1t appears 10 aive a
consistent refationship acvoss spectes L Buckley
1984 Clemmesen 19873 Protein vrowth rate
may therefore be calculated from the ratio of
RNA/DNA and water temperaware. Recently
these relationships have been guestioned and in
fact exhibit considerable subdaily variation t A,
Ferron, pers. comm.y. For larvae =3 mg DWT
sapprosimately P2 mmo. RNAJDNA ranos aiso
increase with size. but this has not been exam-
med in detaii. The persistent use ot ratios in this
rechnigue s disturbing as a large ratio may be
due to u large numerator, or a small denomina-
wor. The TAG/stetol rono appears 10 <uccess-
fully dentify nutnent-stressed anchovy larvae
i Hakenson 1989a: by and pollutant stressed crab,
lobster. und berring Jarvae tFraser 1489).

The vtolith mdex was first used by Methot
119811 an compartng the vwilith growth ol lar-
val anchovy with a myctophid from 13 samples
oft Orecon. covermg 4 of latitude. Remarkably
there were no spanal trends n recent growth,
and nor did the 2 species co-vary, possibly due
rounttormenvironmentdd conditionsrange C,
and w the method of analvsis. OFf particular
concem with this echmigue 18 rthe frdelity ot the
otolith 10 recording duily changes in growth,
Recen studies show that the metabolic Jag be-
tween a starvation event and s record in the
otolith may be of the order of 1-4 davs 1Govontl
oral. 1985 Baley and Stehr 1983 Maillet and
Checkley 19893,
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By ¢xamining the width of the outer daily
arowth increments te.g. 7-144. one can circum-
vent the eftect of larger otoliths in slower grow-
g fish (e.g. Secor and Dean [989: Reznick er
al. 19891 Agreat advantage is 1o back -calculate
penicds of 7d growth - up to 4 week precapture
- s a naturdl g o1 the pelasic juveniie’s past
feeding environment Suthers etad, [9891 There
can be considerable effort 1o obtain these duta -
upjess one 1y agemng the larvae anvway.

Histologeal naiees are labonous, reguir-
ing special preservation procedures and short
tow duratlon, and reauired d spectdist (o con-
SIsEEnIiyY seore the target wssues. [noresponse.,
Thelacker and Watanabe (19891 deveinped a
robust leannigue o medsure apmthelal sor cell
hewght. The histochenmcal deermmatonor liver
glveogen s Connell and Paloma [951 sup-
ported presvous stologweal work (0 Conneil
19801 but wus not racommended as a aimple
techmigue. The advamage or histological es-
AMITAten s the aoniity o discriminate arvae in
mereasing vondinon sersus decreasing condi-
vondTherlucker THSA L and it trudy anmde s of
STWrVAnon mortaiiey rather than erowm rate.

Conclusion

Larval feeding ~tudies oiten muke the walid
point that tegdms rates coutd not nave i siznri-
canbimpact on ther preydensine - or farnvae may
not compete tor food tep. Jenkims 98T -
therehyv implving that food levers are not hnut-
g servival. However it notthe absoiute fond
dbundgnce but the reiative tood abundance that
1 hmitig Crense Andrewartha und Biech (954,
PR the avatlapiiin o teod relatve 1o the
leva’s viston and momhite, v recenty bayve

we hecome sware of stialdl-seaae turbulence and
CONLACT Tiles COonTnuLLng 10 feeding mneldencs
TRothsehiid and Oborn YRR Sandby o
Fossum [9900 Perustent supgesions oy o fow
members at this w arkshon, that starvsion mas
be a minor component of Tarvae and pelavic
[uvemic mortalies . are 19nenne @ soid hindv o
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evidence that shows declining condition with
declining prey abundance. The Austraiasiandara
dre sparse 1o this area. and we should aimt to fill
this void. particularly as the Australian marine
environmentis relatively nutrient-poor. iflarval
food limitation can limit recraitment and uln-
mateiy alteraoult community assembiages, then
the Austrahian manne environment should pro-
vide examples.
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