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ABSTHACT

Anchovy }aI'vae I Enrrraulis mordax I produccd by laboI'ntory-spawncd

fish I have been used to detect concentrations of larval Hsh food in situ along the

Co.lifornia coast. First-feeding larval nnchovies I whose development was con-

.trolled by temperature manipulation abom'd ship J were placed in samplcs of Los

Angeles Bight water taken from the surface and from chlorophyll maximum layers.

__ Feeding by larvae in water from the surface was minimal in all experiments but

extensive feeding occurred in water from the chlorophyll maximum layers when

these contained phytoplnn1ders havin(; minimum diameters of approximately -10 pm

and which oeeurred in densitics of 20 to 400 partieles per ml. In l\larch and

April 1974 J the chlorophyll maximum layer along the California coast from I\lalibu

to San Onofre Ca distance of about 100 lem) eonsisted ehiefly of a bloom of the

nal\.Cd dinoflagellatc Gymnodinium !>plendens J a food organism 1mown to support

g-rowth in anehovy larvae. Copepod nauplii and non-living partieles were never

• in high enough eoncentration 01' of the proper size to be eaten by the larvae. A

stol.'m wIlieh eaused extensive rnixing of the top 20 m of water obliterated the

chlorophyll maximum layer and cffeetively destroyed this feedinrr ground of the

larval anchovy.
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FJELD CHITEHJA FOR SUnVIVAL OF A[\'CIIOVY LAHVAE: . TIIE
HELA1'ION DETWEEN INSIlORE CIILOHOPHYLL i\lAXli\IUl\1

LAYEHS AND SUCCESSr;:UL FIRST FEEDING

REUßEN LASKEH.

INTRODUCTION

Probably the major problem confounding- fishcry scientists illterested in

rational management of fisherics is an inability to predict rccruitmcnt failure

.e (Gulland , 1973) despitc thc vast amount of laboratory and field work on food

chain analysis leading to fish production which has occupicd many wqrl~ers in

marine studies for thc past two decädes (Stecle, 1970), Gulland (1973) asks the

most pressing question "Can a study of stock and recruitment aid management
. 9

decisions?" and in the same articlc answers "No ," This pcssimistic reply is

givcn becausc as he says, "there is no mcthod which is. likely to bc g-encl'ally

succcssfu1, (bccause) the most pr?mising dcpends on lcngthy and costly co1-

lecUan of data, probnbly cxtending ovcr a long period ," 1'he work rcpol'tcd in

• this paper sugg'ests an approach which hus not bccn uscd in fishery research

as far as I um aware, and which, I believe, makes the answer Gulland has given

somewhat more tentative than when he made H,

It is generally Dgreed Dmong fishery biologists, that large

spawning populations of fish do not insure subsequent larg-e yeur elasses, and

convcrscly, smnll spo.wning populntions occusionnlly g'iv.c risc to cxccptionully

lm'gc year clnsses (Iljort, 1926). IIjort (l~)l.1) postulatcd t1wt these vnriations
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in yellr c1uss strength ure probnb1y due to differential mortn1ity of the 1urvue.

He bclieved, fol' examp1c, thut the lllrvne cf thc NorweG'inn herring-. Clupen

harcngus, suffercd hug'c mortn1ities l'?sulting- in smnll yenr clnsscs whcn thcre

WUS 0. lack of food for the first-feeding lnrvac. Thc nttrnctivencss of this hypothesis

has genernted a number of laboratory studies (sec. for examplc, Lasker et al,

• 1870) 'which huvc shown that the density of larval food must be highel' thau that

usunlly found at sen in order to obtain cvcn moderate lm'val rrl'owth und sUl'vival.

For an in-depth discussion of the 10.rvn1 Il critical period" llS affcctcd by food sec

1\lo.y (in press). und for a review of laboratory attcmpts to renr fish lo.rvnc. refel'

to May (1871). 1'hc conclusion that t11c menn dcnsity of 1a1'v0.1 food orgnnisms in

the OCClln iS/gencrally too lov: to support reasonnble survivnl of fish lurvnc through

metumorphosis. is also substuntiated by duta from field survcys (I3eers und

Stewnrt. 1967, 1869). Thus, dcspitc extensive efforts in quantitative marine

food chain analysis, it is yet to bc demonstrated \\'hcther. where. and to what

cxtcnt there nre rich feeding Ul'eas in thc sen for larval fishes .

As u ncw approach to this problem it is the purpose of this study to show

how lubol'atory spawned fish lurvae cun be uscd to detect larval fecding grounds

ut sen und to point out some of the ways this tcchnique miß'ht be used to providc

thc linIe betwccn marine food chnin research nnd stock and recruitmcnt predic-

tions in fishcl'ics; the lutter by detcrmining wlwt thc environmental conditions ot

seu must be with respect to larval fish food to result in a good 01' bnd survival year

for pnrticular species of fish Inl'vne.
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THE NOl1TBERN ANCHOVY

In the California Current, the major pclngie fish population,is that of

the elupeid Engrnulis mordax, the nort11ern unel1ovy. This speeies is found

from British Columbia, Canndu to Cape Sun Lueus, Buja Culifornia und extending

west about GOO l\:m. Although tl1c anehovy hus a protrueted spuwninrr seuson

from Dceember to August, about thrcc-qunrtcrs of its spawning oceurs in the

winter und spring months of January, February, 1\1u1'e11, und April. Thc fnetors

affecting larval mortnlity of c1upeids !luve been invcstigatcd in 0. numbcr of

laboruto1'ics throughout the wo1'ld (Holliduy and Dluxtcr, 19G3) including rny

own. Reccntly ,it !las beeIl possible to intcnsify labol'uto1'y research fit the
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Nutional l\lurine Fishcries Service I Ln Jo11n Lnhorntory I bcclluse of tho continuous

llvuilubility 'of cmchovy Inl'vne. This hu~ been mnde possible by inc1ucin[j" sexuul

mllturntion of adults in thc laoorlltory rosultinc; in duily spnwninrr llnd fortilizution

of uno11ovy 0rrljs throughout the yeur. Details of this maturntion und spnwning

tcchniquc ure givcn lJy Lcong (1971) und Laskar (in press). 'rhe llvllilability

of first-fccding Inrvue hutchcd from laboratory-spm'mccl cggs has made possilJlc

thc dcvelopment of a teehnique whel'e'Oy speeifie ureas of the oce:ln eould 'Oe

exumined for theil' potential as larval feeding g'l'ounds, und criteria ostnblishcd

to Chal'llctcrize PUl'ts of the oceun as good 01' bud urous for larval survivnl.

LABOHATORY-DETEHilIINED CRITERIA FOR SUCCESSFUL
LARVAL ANCIIOVY FEEDING

A bnclq;Touml of information on larval ancho1,7Y fcedinr; is a1,7aila'Ole from

II number of studios and WllS uscd to guidc this invostigation.

• 1. Particle size ut first fccding' appcars to bo c1'itic111. First-fe9ding a11cho1,7Y

Inrvac (standard longth 3.5 mm) have small mouths und requirc II food particlc

aoout 50 11m in diameter, although particles largo1' than 100 11m may be taken

(Bcrner t 1959). Smnlle1' particlos ure probably not visible to thc lqi·vae. Berner

(1959) rcportcd that Ilnchovy Inrvae sll1111101' thnn 4 mm long tnkcn in planl~ton tO\'lS

hnd enten purtic1es rnng-inr; in lcngth from 24 to 186 11m. lIowever, over 70~ of thc

food in thcir intcstines wus bctwcen GO nud 80 pm lang.
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2. Thc nurnoer of pnrticlcs per unitvolumc in thc nnchovy Inrvn' s cnviron-

. .

mcnt must be abov<; u minimum concentration. O'Conncll and RnymolHl (1970)

'ltsing nnturnl plankton as food showed that thc sUl'vivol of fir~;t fecding anchovy

larvac was dcpcndent in theil' experiments on the numbcr of micronnuplii pCl'. .

unH volume uvo.ilable to the lurvae. Suecessful first fccding, as pointed out by

Hunter (1972) nlso dcpcnds on 0 sufficiently high dcnsity of food particlcs to

. compcnsatc for nie low cnpturc cfficicncy (ubout 10%) cxhibitcd by unehovy

lurvlle whcn they bcgin to fecd.

3. 'rhe kind of [ood on;unism dctcrmincs sUl'vivnl and r,-rowth. Lns1\:o1' et a1

(1970) red n variety of phytoplunktcrs and zooplnnh:tcrs to first-fccding anehovy

larvae. Only onc phytoplo.nldcr of those tcsted , Gymnodinium splendcns I

I

supported growth und g'nve relo.tively good results in survival experiments

when comparcd \'lith Inrvnc fed natural plankton. The rotHer Drnchionus

plicatilis I although not found in the anchovy's normal i1abitat I also could be

uscd as n lnboratory food for oider o.nchovy larvo.e and a smo.ll proportion of

• first-fecding lo.rvae (Thcilackcr o.nd 1\lc1\lo.sto1', 1971; Hunter. 1972).

4. 'fhe grenter the conccntrntion of food pnrticles. the more frequent are

the fccdinp,' stril~es mnde by nnchovy lnrvne; consequcntly thc g-rcutcr thc

?UCCCSS in cnpturinp: food. Althouc-h examination of field-caught anchovy

lurvne revcal very few with ony food in their intestinc (Arthur. 195 G; Berner.

1959); this secms to oe 0. rcsult of rough handlinG" duc to eaptul'c in a plllnl~ton

nct nnd subsequcnt prcscrvntion with formalin which CllUSCS almost oll nnchovy

lul'vUC to dcfccnte (J(jelson <.'t 01, in press). In the Inboratory a hir;h proportion of
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unchovy 101'vne which .had novar seen H food particlc will strikc nt und ing-cst thC111

provided the1'.c is n hir,h cnourrh conccIltrution of the rie;ht size food pnrticles. I!tmtcr

(Pcrcono.l Communico.tion) h2.S do..t:l. \'lhich ::>110\; th:l.t the rate of lo.rvn.l/rg2~1nG

incrco.sCG lori th incl'eo.sinß 1'ood dcnsity •

METHODS

Despite thc success of O'Conncll and Rnymond (1970) and Krnmer Hnd

.Zweifel (1970) who worc able to real' nnchovy Inrvne usinrr mic1'onnuplii con-

ccntratcd in wild plankton snmplcs. the quo.ntitics needcd by the la1'vae scemcd

_ inordinntcly lligher than thc conccntration of no.uplii rcportcd by Beers und

Stewart (1967) for the cuphotie zone of the California Current. It "l,vas possible,

of course, that eonccntrntions of nauplii cxist in dcnse arrg1'crrutions. Bccrs nnd

Stcwart (1970n) l'cported that riauplii eoneontrnto in 01' immcdintcly nboVe chlorophyll. ~

mf,ximum layc1's off the Cnlifornia eoast. Howevcl', 110 eoncentrations have beon

idcntificd whieh are high cnoug'h to support anchovy larvue (e.ß'., I/mI). On

thc othe1' hund, Lasker et ul (1970). showed that anchovy lal'vac would feed and

gTOW on a diet of the dinoflngcllate G. splcndcns. The fact that blooms of n variety

• of phytoplnnkters nre Imown to occur in the Californin Current. pnrticularly in the

spring. suC'(;csted thut phytoplankton eells were more likcly to providc tlle partic1c

sizc und eell dcnsity essential to survival and r,rowth of fi1'st-fccdinrr nnchovy

1u1'vue. For these rcasons, inshore chlorophyll maximum Inycrs were selceted

ns possiblc fruitful Drens to investirrnte for Inrval fecding .

\
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Ta uetc.rmine urens in the sen whcre high conccntrations of living pHrtich~s .

might oe prcsent t u pump was used to b'ring wntcr on board from 1\:nown dcpths.

'rhc hoso from the pump "\' as lowcred below the surface by mcnns of n mctcrcd

which. Tho ..../Uter waspumped through n Turner! fluorometcr in the ship's laborn

tory to rneasure chlorophyll ~t und other fluorcscing substnnccs. Chlorophyll ~

'wns extracted from water smnples ül.ken at euch station from different dcpths and

thc fluol'csccnce profile adjusted to reHeet only chlorophyll ~ (Kiefer and Lasker,

fIlS) .

A school of npproximntely 700 scxually mature northcrn unchovics t

mnintnii1cd in the aquarium of the Southwest Fishcries Center, produce about

1000 fertilizecl cggs per day. The number of ee;e;s cun be increascd by injcc

Hons or gonadotrophins to stimulutc massive spawning in individual fish (Loong,

1971). WUh tcmpcrnture contro1 cf dcvc10prncnt (Laskcr, 1964), Inrvnc in first

feeding condition enn be made avuilablc whcnevcr dcsired. Thu5 t preliminnry

to n cruise, devc10pment of embryos and larvac ean oe accelcrntecl 01' retnrded

oy tempcrnturc manipulation to on81.11'C that on euch day 01' thc cruisc tllere will

oe nt least scvcral hunclrcd lnrvne ready to fce.d.

lRcfercncc to trndc nomcs doos not imply cndorscmcllt oy the National

. !llm'inc Fishc1'ics Service, NOAA.

'I.
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Prior ~o euch of the cruiscs dcscribcd hcre, fertilizcd cggs o.t thc sume

sta~c of devclopmcnt were sorted into liter jnrs contninin(; sen wntel' prcviously

filtcrcd 11n'ouah u 5 I.lm pore size Cuno .Aqunpure filtcr, nnd the jUl'S Vlcre

immcrsed in wnter bnths nt suitublc tcmpcl'o.ture[j, For transport to the ship

insulo.tcd cl1cstswerc used, und on board u tcmperuture-contrallcd raom was

"continuully adjustcd bctwccn 13° and 18° C to insure thnt fecding Inrvae would

be nvailnb1c on specifie dnys. Hecent studies hnvc 8hown that ncw1y fecding"

2 d \ li,dq,vflr·· .Inrvac Ilave on1y noout o.n [1, "1rt / < mtel' the yol1< sac 18 absorbcd to get

f,ufficient food 01' the lo.1'vo. will die (Lasker ct 0.1, 1970).

Experiments to detcrmine if snmples cf seu water contained suitnblc food

for anchovy lo.rvae were done in cylindricnl, 8-litcr jal's virnpPcd ...yith dull

blaek cardbonrd and set on b1ack plastie. Above the jurs n bank of foul' "dny-

light ll fluorcsccnt lights were suspcndcd which illuminuted the surfacc of the jars

llt npproximatc1y 200 ft-c. When n sampIe of sen water was brought into the ship's

laborntory it was permitted to wurm slow1y to room temperature. Larvae were

udded to 5 liters of sea water by pouring them from the incubntion jars. Dilution

of the 5 liters by the larval incubation wnter ,..;as corrcctcd by conccntruting the
. .

contents cf nn additional liter of sea wnter to 0. fcw milliliters with fine mcsh

netting und by ndding the conccntrnte to the whole.

\
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A genUa air stream was dil'cctcd onto 111e surfncc of thc water in euch

experimental vcssel to insure mixing of the wMer. Control experiments on

chipbourd rdth culturcd orgnnisms indicutcd thut this had little cffcct on the

larvae.

Two cultul'cd food orgunisms , the dinoflu(';ellate Gymnodinium ~plendens

<:ll1d thc rotifer Bl'achionus plico.tilis were w,ccl nbonrd ship to detC1'm1nO

if I.lny pn.l'ticular batch of test Inrvne VlQS in (;ood condition anel woulel feed.

Details on thc cu11u1'e of these organisms urc givcn by Thomus, Dodsoi1 and

Linden (1973) for G. splcndcns, and Thci1D.cJ\:~r and 1\lc1\I<18t01' (1971) for B.

nlicatilis. Usually a control 5 liter seu watcr sampIe "las seedcd ,'/ith one 01' the
k .

other culturcd orr;<1nism and a fccding experiment with larvae run concurrently

with samplcs of natural seu wuter.

Lurvac were permitted to feGd for 8 hours then siphoncd out and sucked

down onto a membrane filter (pore sizeOy m) u5in[; a vacuum pump. This

rapid removal of lnrvne from the experimental contninel's nnd their fnst immobiliza-

tiOll on the filters prevented dcfecation ..After air drying, microscopic examina-

HOIl cf the transparent lnrvae permitted counts to be made of 1arvae whicil had

hoen feccling and those which had not. The relative proportion of fecding" to non-

fccdin[j Inrvne was subscqucntly corrclnted with sizcs of thc food particles,

chlorophyll content, spccics eomposition, and the numoer of particles uvailable

to thc lurvne.

,
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A 1 liter sub~;nlllplc of eueh sen wnter smnplc was l'n'cscl'vcc1 wit11 formnlin .

(finnl conccntrntion 5%) (Dccrs and Stcwnrt. 1070b). Lntcr t110 particles in thc

prcscrvcd sen wnter wore sett1cd out und t11e specias cnumcl'l1tcd. Thc mcthod

01' Utcrmöhl (ns dcscl'ibed by Lund, Kipling und Leeren. 1958) wus uscd to eon-

ccntruto orgunisms from known volumcs of prcscrvcd seu wate!'. uf,ually 100 ml.

Atlenst 100 cclls 1[1rc;c1' thnn 20 pm in dinmctcrwcrc eountcd from eneh settled

water snmp1e.

On n cruisc of the NOAA rr/v Dilvid Stm'l' Jordan. ]\'1o.1'c1'1 18 tllrouGh 21,

1974, n IG-ehannel c1cct1'onic pnrticlc counter.l'lith n 280 prn pore, Coulter

Counter J\Ioclcl Tu, wns usad to dctcrminc the sizc distribution und numbcrs of

sizccl pD.l'ticles in sen 'wate!' snmp1cs used fOl' feeding experiments .. Only

particles 20 pm and 1nr(;cr 'WC1'0 countcd. Vcry [;000. ag-l'ccrncnt \':a8 obtnincd

bclwecn tbc clcctronic- counter pnrticlc counts nnd those obtnined with the invel'ted

microscope. A comparison is shown in Fig-ul'c 1. 'fhe speed of counting und sizinr;

particles mo.kcs the multi-chnnnc1 particlc sizing instrument dcsirab1e for rnpid

field nsscssmcnt of 10.1'va1 fish food ol'ßnnisms. Bccausc the clcctronic counter'

was unnvailuble for two subscqucnt cruiscs, April 8-12, nnu 22-23,1974, thc

rcsults for thesc are r;iven from microscopc counts on1y .

\



PLANKTON TOWS Fon ANCIIOVY LAl1VAE

'1.'0 nsccrtuin if nnchovy larvllc. \'/c1'e prcsent nt pn1'ticular dcpths,

plD.nl~ton tOW5 '.'lere ülken with D. 0.333 mm mcsh, O. GIn mouth diameter nct.

DccD.U~;C an opcning- and clo;;ü1G net "'.vns unuvailable for this worl/~ an open 11ct

. vms droppcd rapidly to the dcsircd dcpth, towcd 1'01' 10 minutcs, then pulled

up l'npidly. The totnl proportion of time the net spont in wnter oille!' t11an in

• thc c1csircd stratum ncvel' cxcccdcd 5"" of t11e total towing time. Alllnrvne

cnpt1..n:cd v/ero rncusul'cd, sorted to species, und eountccl. Larval eou.nts werc

COrI'ccted to n compo.rutivc volume of 1000 m3 (Krumel' et nl, 1072). A Dow

meter in the mouth of the net provid8d a rcco1'c1 of t11e volumc of wnter filtcred.

LABOHATORY EXPEIlI:\1ENTS

The shipboDrd experiments 'were o1'dino.rily done nt tcmpc1'ntures . betwcen

1::;0 und 19° C, whel'ens eonccntl'ntiolls of larvul fish [ood orgunisms und anchovy

• lurvac wcre oceusianully faund bctwccn 14 0 und 15° C. It was dcsiro.ble t1101'e-

i

I

fore to dctermine the fcedinß" response of fil'st-fccdinc; nnchovy lnrvn~ nt different

cnvil'onmentnl tempcrnturcs. Experiments to dcterminc this were identical to

those done at sen except thut the concentrution of the cultul'ed organism G.

~plcndcns was vuried from 5-200 ccHs per ml, [md thc water tempcrnture was

controllcd within :LO. 2° C.

. \
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AHEA OF STUDY

This invcstigntion wns concluctcd in thc Los i\i1G'clcs Bight [110n['; thc

southcrn California cOllstlinc from l\Ialibu, Califcrnia to Snn Onof1'o, betwecn

r,lrH'ch 18 und 21, 197-1. All the stations occupicd were over thc 20 fm line

cxccpt for thc i\lanhnttan Beach station which was ovar thc 270 fm eontour.

•
Table 1 gives t110 eoordinate positions and Firruro 2 shows the l'elativc location

of the stations. The San Onofro stntion was rcoecupicd on April 8. 1974 to

dctcrrnine the porsistcncl; of thc chlorophyll mnximum Inyor which earlicr hud

confnincd rclatiyely 1arrre numbcl's of G. spl~~J~ns. Tho station "las OCcl1,pied

once ng'ain on April 10, after n violent wind storm .

RESULTS AND DISCUSSION

Shipbonrd Experiments with First-Fecclinrr Anchovy Larvac

Table 1 providcs n summary of thc results of fcoding experiments with

e first-fccding anchovy larvae in water from th8 surface and from the chlorophyll

maximum layer 01' from a dcpth of about 15 m if no clenl' .chlorophyll maximum

was observcd ~ Thc dominant phytoplanktcr in. t11c chlorophyll maximum Inycrs

was the dinoflngcllnte G. splcndpns. For dctnifs about G. splcndcns blooms- -,
from Dnjn Californi:l, ~Iexico. und thc Los Angclcs Dirrht sec Kiefer and Lüsl\:cr

(filS); us rcp0l'tod ,cnrlicr I Lasl~cr et ul (1970) hnd dcmonstratccl thnt nnchovy

lu1'vuc will (;1'0\'1 whon fcd on G. splcndcns.

,
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Tnblc L Stn~1)P:q'Y ur rr:st:its cf S-hour c:l-Lc:lrd fL'c(~!n:~ ei\IJt'rhr:,t'i~t3 w :th fir!->t-ft:(,~nC;~a:ldl(,VY L1rv:ll~~ ~~V~~!~.~_~fJ.t_1:~::_~~~ :·l,I.~i~~~~~2

(\Pp·..:'3.fl'd In l~C ch1orcl'hylJ r1.1:\:,111\\.I;]) l:1j'cr.s {chI. rn:1'\.)fn'!~l )'L:l~Lu to S:ln (~Hlfl"l'. ~\ dl~,t:HH:l.,' {;I[ :q\j 11·O:-.tTl'l;ltdy LW Lrn. ·1 he
Bl:.~)~l::rf;1(·c bIoon1 (.f !..-;_" ~Ll::'_!~I~,'~':..::~ at S,lt\ O!H1fre rlT~i~tl'd ll!'ltill\pril d, 197·1 (.-;t.'c t:t,.). "; 1,clo\\,) . ..\ :,t,,-)I'Ll ou Apnl 9

o:'~litC'rat{'d t!jl~ Ili:lxil.nnn ;;i~d C\ id::ntly di~~i,L'rst'd l},e ~~.. ~·L~Q:~~~~·JIY \\ tl~d n\i:\i:;:-~ (:-;(.'1.' F!i',\!t'e J).

0 11 $-1

0 18 ·13'

0 12 -12
22 2-1 10J

0 10 20
0 11 -IG

.1

.3 lii I::>"0 69 26

0 8 49
9 25 32

0 13 23
9 40 58

0 12 33
0 15 20

0 -1 50

0.4
1.3

0.2
2.3

0.5
1.3

0.8

0.6

0.2
2.3

0.6
0.7

0.3
~2.0

9.0(0)
5.7 (0)

6.1 (C)
13.7 (12)

33.:l « 1)
352.0 (30:)33.3

3-1.0
29.0

2:1. 1
29.8

33'3G. 5'-l1S'O I. 3'

(Sc':ll Dcaeh)

33':;2. S' -1l8 '27.0'
(:\LHI~latt:'\l1 DC3.(,~l)

33 CZG. 3'-117 Q·\2. S' 18.7 S.9 « 1)
([):ma I'olul) r: ~ <) 2:1.2 (5)vJ.:..

33~la. n'-117~3j.3' 9.3 4.0 « 1)
(S;ul OOlofrc) 4~.4 H.7 PI)

33'19. ') '-117'35.:3' 5.7 9. 1 «1)
(San eHO[1'C) 11.0 813 (GI)

33'UJ. 4 '-1l7'31. (;' 8.,1 1-1.1 (0)

(S"l1 o.lOfrc) 10.5 ~3.2 (0)

33 '19.5 '-117'31. G' 6.-1 10.5 (0)
(So.n Onofrc)

33'30. S'-117'~O.3'
(I.~t;tl:la B<:ach)

Dl!C and tln.c

A. Surr. leD'p.
B~ C~J. n13:-: •• tcnlp.

J nd r..k~)l11

~r.1rch 20. 197·1) 17·15
A. 15.2' C
B. 1·t.5~CJ 13.5111

1.12'Hb 21, 137-1, O~OO

A,· 15.8~ C
Il. H.2' C, JG.5 in

D. -. 15 r:1 t'

(no ehe. mC1x.)

5 1,larch 21, 197·1, 171:")
A. 15.5° C
D. -, 151:1

B April 10. 197-1, 1710
A. H'C
ll. 13.5' C, I-I m

(:>0 chi. mn.)

9 April 11, 197-1,0315
A. 13.C'C, 5m

(no dJ. I""".)

G }larc)12l, 1'17'1, 1900
A. 15.2' C
B. -,18.5111

3

7 Arrll B, 1971, 15CO
A. 1'1.1" C
H. H.S' C, IG m

·1 i.!:~l'(.h 21. 19,·1, 1:310
A. -

[
I

-r.-:-3-r-('-~-2-0-,-I-~1-74-,-1--2-:-0-

A. IS' C
B. 14. 2C' C, 12 In

•

•

3Th!S 5'.\; f1[;\lre rel'l'cr;cnls cnly onlJ l:lrv:I wlJich fillcd its intcstinc 1/-1 fuH.

\



Also givcn in TnDle 1 ure thc l'csults of a fecding expct'im;:~nt fit tbc

f)nn Ono1'1'o station on April 8 f 197·1 f 18 clnys after a chlorophyll nwxlmum Inycr

contuinina g.. !?~.:.!.cn:) as t11c dominallt pllytopl:mldel' W<I:; fOllUd. Thc chloro-

1'11y11 maximum lllYCl' wns still prcscnt nnd hcavily pormlatcd with G. ~E!..<?~~d~.

A violent wind storm on April D oblitcl'ntcd t11c chlorophyll m~,ximum laycl' amI

- no G. :Plcntlen~; woro 13ccn nt thi~; station wlwn it W~lS rcoccupicd on i\pril 10

and 11. /1.. comparison 01' chlorophyll ~ profile:; ta].;.cn bcfol'c o.nd aftel' the April

• 9 ~;torm is 8110wn in 17jgU1'O 3. 'Ihr. rei1ults of ccnt,l'ol fecdiuc cxpcrL:cntr; are

Given in T2.b 10 2.

Some nnchovy lurvnc cupturc~ a fow particles in any cOl1ccntrution of

20-100 !.mi p~1rticlcs ove1' an 8 hom' padod, but cxpcricncc in t11c lnbol'ntm:y
~

hns [;hO\','11 that feeding- on less th,J!1 one pardele per hüul' vlill not sW3lüin [t

fi1'8t-fcedil1[; Inl'vn "'lhieh bccomes we[~k and die~). Thus, in j,'c..blc3 1 G: ;~ t;;-;Q

fccc1ing cntcgol'ics nre indicated f lnrvae obscrved with food ol'[;,Jnismn pach.cd

into thc intestinc, und th()~)c with cight 01' fcwel' pnl'ticlcs hl the intcstinc aHm'

e nn S":'JlOur fccdinrr period . Thc larg'Cf;t proportion of larvnc did not feed ot nU,

n rcsult common to laborntol'Y experiments HS weIl. The fccding intcnsity nt

T\lnlibu, Senl Beuch, emd San Onof1'c i5 typicalof fil'st-fecdinG' anchovy lal'vac

in Inboratory experiments sccdcd with a like numbcr of propcl'-sized pnrticlcs,

C.C·., G. ~encJcns.

Thc data prcsc'ntcd in Table 1. [;!lows that tlle cl'itcrin 1'01' larval anchovy

[cedinG' c1ckl'mincd by Inuorntory experimcnl~; l1l'C thc 1;nmc WhCll frc~.;}lly

obtnincd ~;en water is tc~;tcd ns [l SOUl'CC of Inl'\'lll nncho'Jy food. Lnq~c numbcl's

\
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. '
Ta~le 2. CO:1trcls far t1:c c;.:pcrin:c11ts rcpcrtcd in "r[J:~lQ 1. Sr:.rlacc \\~~ltCT \Y~S SCCd3U v/ith

G S 'r"1" ..v1o"'s 0'" B nlic"tql'", 1"1 c",,,,r. l'""c'U11"C ~hc "'C"'U'lIS <:' ~·"Curl ~h..,t tl-:·, l""'v'~c on• ci' ....... J,.......... ..1 .L _. J::. (..4 1. .~ _ l ~ ...... _... ,LJ.;,; ....... l... .... o.J ... ~ v.v \".. ............. ".... ..., -_...... 4-

shipoourd W8ro co::npctcnt to fccd. Fecding time '.':fiS 8 hOU1"8.

72

30

ur.:b::;r 01

larvacl

vac 1_____JI '. t
l'''ccdinr~ by nnchovy larI

I
l)crccnt of

PcrccDt of larvac ,dth

G. splcnc1cr.s (G) lc~rv,ic w1 th less t',"J 'Ir" i'~I I !"(."J."
I

or KUITlbcr' ! 1/4 to fuH l 8 p~rticlcs

Date; B. plicatilis (B) p'l"fi "'108/""1 l gut I in gut c"\....... ..:. ... \..-.... ....... ...- i

i I I I

:March ~O, 1874 13 40 29 j 45
I

I I
I

IAp:dl 8, 197·1 G 100 '/ '/ 13~ I

I

April 100 'J <)
I 2210, 197L~ G I

,

l.
v ....

I.

/
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""ttr'"' 11"V~1""" 01fl ')"1't1'cl .. '· ',"'1' r"11 '''''''1'0'' fh"Il '{',' 1('J" 1"1 dJ',,;>'·,f('l' 'l)"} i\';')'l 1(1'"'.' t... _~... ..l,. .a. ... t> ~ v 1 1..). ,-,,,-, 1·...... ..~ •.'.~A' • ..l .... J. .. !.-l v. 4": J. 1 ,"-"lilt \. ,-- l"'''"· .... ''' ... , ..

chlorophyll ~ clid not stimulntc [(fleho"y larvac to feod. Convcl':c:c:ly. thc bloom

of G. snlenclons in [he chlo1'Ophyll maximum Inycr nroduccd hcavy fcedi:li~'.- ~,---~--' .... --

hevinr; t11c proper dinmcter f(Jl' fccc1ing', n minirl1um conccntl'ation of pcrlwps

bCtVlCC11 2~-50 cells f;(;I' 1'n1 \'vel'{~ nccc1üd.

Thc chlorophyll lnoximuI:1 lc.ycl"J aIcnIT thc const we1'O ch.1l'nctc:dzcd

by tcmpcrntul'os . bctwcc:1 140-15° C, \vhich is 10wQr ilw,n t11e optirnum tcmpl~rn'-

ture for fccdinIT and growth in J.nc1:ovy lal'vn.c (lGo C). DecG.uGc shipboarü

cxpcrirr.onts wel'C done nt tcrnpCl'alUl'C~; hi!~'h(~r than those found in the chlorophyll

mo.xiinum le.yers it was dcsil'ablc to dctcrn,inc if the minimum pnrticlc count ut

which first-fccding 1n1''/[l0 WCl'C stimulntl~d to fecd \'WS in nny \';ay rccluccd by

Jo\':01' tcmpcl'utül'Cs. Fig;ul'c ,1 illustrntcs thc 1'csults 01' cxpel'irnent3 \:hicl! show

that nt 1<1 0 C, thc food pnrticlc count must bo hir;hcr than 20 cc11s per ml bcforc

sir;nificant fccclin[; CHn oeeur aver an 8-11ou1' period . At the highc:r tcmpcrnturc

teste<!, UjO- U)O C, food pnrticlc counts of betwccn ;) nnd, 20 pnl'tic1cs per ml mny

"



•
: S1l4, Ci1<lctoCQro;; Si). :1!1d otl1cl' el1(liI1 fO:!.~l11illr:'- (liatofilS 11,:[:(10 \.11) o'.'"er 30 nu cf tllC-_._--_._-- ...., ..

>:37 tii11 cate~;Ol'~r jI 'J'b.is reSl11t \\·".:':-S eüllfirn1ccl nt [l stGtioTl c:"f I~'11pc~rial DC3Cll,
;

Tll::l1::l~;~;josirn sp. (37 clwin~, ner ml) 'ilD.~' füund. CJ11ol'o;·lr:ll a at ibe surL1ce... .\. ... .... -

'::US 4. [3 flg per liter [ll1ct slig-hUy hic;hcr, [j.1 ~tP; pCl' liter nt n dopth of 7 111.

Pecc1inG' by anchovy J:::1.'V:10 on tl1b ol'ganisrn W[)S virtually r:iL Thw;, the cüm-

e position 01' the stccl~ of phytoplnnl:ton tlppC8.l'S to bc .1n ir.:port:mt fadol' in thc

initi::tl fcedine- of Gllchovy Im.'vl.:lC.

The ob::~crv3tions cle:;cl'ibcd nbovc indic~itc t11O.t cl:lol'oplryll mqa~3Ul'C-

ments nlo!lc, nnd the indlcation oi G stronG' chlorophyl1 l:1c;-...:irnum Inycr :U'C not

by thcm~;clves sufficicnt critCl'in [m' cstnolishing thc cxü;tcncc OI fj'OoJ co:.di--:

\
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Cl'yptonJOIWcls 01' about 10 iHn dimnetcr domino.kd thc smnplc:s in concc:n1i'ati0l1S

of :1, ·100-'7 ,ZOO ceUf; per r:ll, n d::e too sm 1.1.11 to oe [cd upon by nndlOvy bl'v:1c .

Vcrtical Distribution 01' Anchovy LiJ.l'vae

i\.t San Ono1'1'c on April 8. the chJcropl1yll maximum laycl' ",'fns duc in pnrt

~o n hi;~h clcnsity cf G. Splcildcns. LQrvnc on bonrd ship [cd [redy in thc ',\'ntpl'
.., __ " ''a'_' ._'''__ .

1'0':" fil'st-fccdins lnrvnc to bo found. To test this I plan}:ton tor.'E; \101'e l'M,de d

thrce dc:pths; within tlw chloroph5r ll mnximum bycr 2.t lG m, just abave thc

laycr at 10 m. und ut tlle Gurfncc (~;cc Fig'ul'c 3). '.flic E;Lncla:::d lcngth of anchovy

lo.rvnc from thCE;C tows was Illcasul'cd I onu the dc[~rcc 'of cyc pig'mcntation notcd

(fuH piGmentation indicntin[~ n visUo.lly compctcnt Im'va). Thc ;l.'csults, givcn

in Tnblc 3, show tho.t tllor0 WHS a di:~tinct clifrc~'encc in vcrtical distribution

bct\'.'ccn thc numbcr of first-fcc<lini; lnrvac thut coul<l sec iW opposed to yon~-sac

.Jnrvnc which IncJ~ cye pigmcntdioll imdcould not E.;ec.

\
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"(..rl;.~..~ s\~rface '\\. nt~~r contnil'lCtl :! 1. 00 (lncl~~')\.·y· Inrv'nc i1('r ). DOO In") ,

I)

1) CL" 1000 1~'i~} \".,~it}l Inr~l~:(~ CDI)D.L)lc Q[ scclr~~; Dl:.ttltlrnlJi~~~:ccl l.J~{ cjf::l~t tc.) on(.~ .. 1.11 tl~e

'1

c1 llG:::~)I) }ry 11 ;~! r::':. i \1"11.1 Li l~:~~c·r 4. D00 (ll1 cho\! Y' .l.~t r' \:- ac; 1) c ,I.."' 1000 H1 v \\' C~'e 1) r !.~: ~-; i.~ 11 t 1> Li t

nvniL1ble ut tlic sur.w time 01' wWün 2-1/2 do.ys Vfl::;l' thc lürvae t.re l'C'::J.cly ta fecd.

Individual nhvtoDlnnldon cdlG must bc about 40 ILm in di3.mcter. Succcssful4 _ L .

e fccdin[; is dcpcndcnt on feod dcnsity so tho.t tho highcl' thc conccntr-;:üion 01' ccHs,

thc !JcttCl' t11c fecdinr;. T.. Iorl.Oiypie n.lGfll bloOTI1s nl't' rcsponsiblc for some chlorophyll

maximum 1aY01'8 off thc Cnllfornia COi.1~;t ~md fil'st-·fcedinJ anchcvy lo.:'vac Vicrc

found to lle livin(; v:ithin ihem. On1y ~)o:nc phy-topL.1l11·:tcrs sti:111..l1~ltC fccllin(; and

support ITl'ovlth of n11c11oI/Y l~ll'v<le; fOl' c::nmplc G. snlc:l1dcn;; is 1::n(;\.':n to support_ .-.J.•. _

fTl'Oi'.'th ,vhilc nnchovy Inl'vuc would :wt f.:::cd UI1 Ch~doccl'oS sn. 01' Th:!ln:.;:;;c:dl'u
~.., ... ---~_._--_.... -,----_.--~----,,_._._ .._--

f;p., ~;piIlY nncljor c1win-formillfS dirltoIl1:;. Finnlly,it cotil<l not be c!cl;wnc;lJ'nlcd

thni micronnuplii 01' othCl' microzooplunl~t()ncontribute si[;"nificl"mtly to Inl'vnl

'.



ü.nehovy survivnl dm'ing the first weck of larval life , 13CCl'S und Stewart (l%7)

rcportcd that in Dcecmbcl' 1967. the ins~lOre stution off San Dicgo (their ~:;tntion 1)

containcd u maximum of only 30 orß"anisms per liter in the 35-103 pm size class.

Of these orgnnisms,. eopepod nnuplii und post-nuuplii to[';etho1' numbercd 7-9 per

liter, two orders of magnitude 10....:er than thnt rcquircd by nnchovy larvac to sm'vive,.

Le., 1000 per liter (O'Conncll [md Rnymonü •.1(70). IIowcvcr, it is rcnsonablc to

assume that under special circumstances suitablc conecntrations of mieronauplii

e might serve as n food sourcc for first-fecding nnchovy Inrvae. Non-living pnrticlcs

1m'ger than 37 pm werc not seen and· mny be insignificnnt in the nutrition of first

feeding nnehovy lnrvae becausc of their 10w eoneentrntion in nnchovy spnwning

nrcus.

•

It is importunt to emphasizc the transient nature of good fccd~ng' eonclitions.

There '\'lnS n Im'ge number of larvue prescnt ut depth nt the San Onof1'o station on

April 8, 1974, eapable of tnking advantage of the subsurfncc bloom of Gymnodinium.

Furthermore • spawning hod occn extensive in the entire water column ns indicated

by t11e largo numocr of Q~chovy eggs caught during the same t0\'18 (Tuble 3) .

Enl'lier I indicatcd that n wind storm oblitcrated the chlorophyll maximum layc1'

at San Onofro on April 9. 197<1, and that 8-hoUl' shipbonrd expcrimcntsshoVled

that larvae were unable to captul'c enough food on April 10 and 11 to fill 01' partially

fill their intestincs. If my contcntion is oo1'1'ect, then a largc proportion of the .

Inl'vnc wlrich were prcscnt ns er,-p,'s 01' yolk-sae Inrvne on l\pl'il 8 wcredoomed to

die from lack of food ofter the storm on April 9 bccausc of the dilution and

dispersion of suitable larval food orrsnni~rns.

\



., .
.Although this investigation \\'115 confined to first-feeding nnchovy

larvnc. thc tcchnique deseribed here. us~nrr laborntory-rcnred lnrvac for field

tests of possible larval fecding nrcns, probably enn bc cxtcnded to older 1arvne

and other speeies as weIl. An on-bonrd clectronic counter enn givc il rnpid

first evaluation of purticle size and cell numbers ..l\1icroscopic eXllmination of

subsnmples can bc used to verify the shipboard counts and givc additional

information on species composition of phytoplanl~ters. Chlorophyll profiles can

_ bc nnalyzed routinelyon most occanographic vessels. With informntion on the

biology of the 1arvae being investigated. it may bc possiblc to determinc routinely

thc quality and extent of larval feeding gr~unds and with comprchcnsivc temporal

information on tho food of the larvao, the degree of larval mortality duc to

inadcquatc food may be predictable.
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FIGURES

Figure 1. Comparison between instnntaneous particle counts per ml tuken with

Model Tu Coulter Counter and meun particle count per ml observed through an

inverted microscope. A 100 ml sampIe was concentrated and at least 100 pnrticlcs

of the dominant orgnnism were counted in any visual field. Only particles larger

than 20/um were counted.

Figure 2. Stations in the Los Angeles Bight where this research was conducted.

Figure 3. Chlorophyll maximum layers beforc (April 8. 1974) and after

(April 10 amI 11. 1974) a violent wind storm near San Onofrc. California.

Figure 4. The effcct on larval anchovy feeding of different concentrations of

food at two temperatures. Each experiment began with 100 larval anchovies

which were in first-fceding condition and was terminated after 8 hours. See

text for details.

Figure 5. Chlorophyll maximum layers off San Onofrc. April 22-23. 1974.
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TADLES

Tnble 1. Summary of results of 8-hour on-board feeding experiments with

first-feeding anchovy larvne. Gymnodinium splcndens appeured in the

chlorophyll maximum layers (chI. max.) from l\Ialibu to San Onofre. a dis-

tance of approximately 130 km. The subsurface bloom of G. splendcns nt

San Onofre persisted until April 8, 1974 (see no. 7 belaw). A storm on April

9 obliteratcd the maximum and evidently dispcrsed the G. splendens by wind

mixing (see Figure;l) •

Table 2. Controls for the experiments reported in Table 1. Surface water

was seeded with G. splendens 01' B. plicatilis. In euch instance the results

showed that the larvae on shipboard were competent to feed. Feed~ng time .

was 8 hours.

Table 3. Distribution of anchovy. eggs and larvue at three depths off San Onofre,

California, April 8, 1974 .
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