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INTRODUCTION 

In the re.sea:rch o.f :foiSh po!Pufa1tio'n dy1I1amics a great atitention ii\s payed to 
the planktoinic phase of their lif.e . rt i'S 'known that survival of the eggs, larvae 
a:nd postlarvae h a,s a great irnfluence on recnuitment and, im rthiiS way, on 
osc:iillationiS o,f adiuLt 'S,tock (H e mp e 1, 1963 ; Ni ko 1 s ki, 1969). On the o,ther 
hand, con1noisseurshilp of ,the osciUations of the stocks, as 1Jhe facilors which 
ha,ve inf1J.iuence on 1them, ii.s limpor<tan:t for success,ful forecas.ting o,f ithe catch. 

There were many attempts to bring the oscillations of the economically 
impo,rta1111t fiiSh sitocs lto the conrnection, among OJther thin,gis, with periodical 
changes of climatic and hydrographic factors , and organic production 'i:n sepa­
r ate reg,ions. 

For the Adriatilc, B u 1 j a n (1953) was first who showed periodical changes 
of the environment. He found that increased ammounts of the water o.f hig'her 
saliniity are coming periodically from the Eastern Mediterra,nean to, the Adrfa­
tic. According to this aruthor (B u l j a n , 1968), this warter ma•sses bring ;tihe 
increased qua:rutity o,f nu,trit'ient 1s•aH.s which shou[d ref.lex on the o;rganic pro­
duc,tion. Then, it has been found that inflows of the Mediterranean water 
affect rthe 10111,g terme fLuctuaborns of fitop[anlkton (P u c h e r - P e ,t k o v i ć, 
1966 and 1968) and zoopiankton (Vuče ,t i ć, 1965 and 1970). Irt has been 
n0itked ,thart in.flow o,f the Mediteriranean water hrus 1the infliuence on ,the pri­
mary ,prodiuo1:Jion ilncrease (P ,u c h e r - P e rt ik o v li ć and V u č e t ,i ć, 1969). 
B :u 1 ja n (1968) haiS found that the inflow of the Medlilerranean waiter 
inflJuences the ainnual fish catches. For explanation the caiuses of sardine 
catch f~uatuaitio:IliS in 'iJhe Adriaitic, work o.f Z u p ·a nov i ć (1968) lis rather 
impo'l'itan,t. Accordtng to him, the correilation between fliuctuiatiom; o,f the cli­
rnatic and hydrograph'ic factiors and lon1g ,term osciillatiorns -0,f saroiine caitches 
alolilg the eaistern Adriartfrc c.oast exi.Jsts . Furrthermore, 'i1nvestilgatiOIIllS of Z o r e -
- A r ma n d a et aL (1971) ha;.s showed tha:t factons which affect the more 
intensilve excha'Illge of wa;ter masses between rthe Eaistern Medit errainea,n aind 
the Adriatic, a:nid these are gradienits of the air pressure and [PenetrartiOJn of 
the cotd c0tntinenital ai,r, di:rectly reflex 0111 the pl'li!mary ;product~on, aind on the 
quan1li!ty of ,b'l1ue fils:h liin the Adriati:c abo:ut three years Iater. 

Ka r I ova c J. (1970), s<tudyi.ng the osci'lla:tions of t'he quantity of plankto­
nic sarrdi1ne :sta1ge:s in ithe Centrnl .Aidriartiic duri.ng the spawni:ng serusoms f.rOl!ll 

1965/66 to 1969/70, found rthat ,:,a,rdine's eggs were a:ppearing .il!1 the grearteslt 
num!ber durfurug ,the ispawni1ng seaisOIIl 1968i69. Vuče ti ć (1971) Oll1 :!Jhe same 
area, for 10 year<s ;pe1rfod (from 1959 to 1969), fown1d out that qualiltity of sa1r­
dine and ainchovy eg-gs, a:s 1the tlarvae of all fishes, showed tendency o,f further 
!i.crease from 1965 on, which she br ing,s to the ccmnection with i•mprcwed 
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feedtng cond~tions, because of i1ntens.ified dynamic of the wa1ter ma1sses. 
'J\he aim of thi:s WOIPk wa.s fo try to find some eventua:l causes of the 

variations of the amchovy, Engraulis encrasicolus (Li nn a e u s, 1758), plank­
tonli1c iphaise quanti!ty in Vhe Central Adriatic, whe,re the above mentioned 
autol'ls have been co,nduc:ted theiir researches. 

METHOD AND MATERIAL 

'l'he ,i.Jnvestigaition~ ha,ve ibeen conducted in the Central Adria1tic at the 
staiti-oru; Stončica (hi:gh 1sea), Peleg,rin (chan'Del region) amid Kaštelanski zaijev 

E'ig. 1 Area of investigation 
Stations : 
No. 9 - Stončica 
No. 8 - Pelegrin 
No. 25 - Kaštelanski zaljev 
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(cl:osed area ,iin the v,ic.ini>ty of the shore) which aire si.tuated on the ,tra;nsversal 
profile in a level of Spfat (Fi,g. 1). On the mentioned sta.'tion,s the Iinstitute of 
Oceainography ail!d F,ilsheries has been conduotlinig t'he cmn.plex resea,rch wol"k. 

F'or this wrnrik ithe materra!l was coNeoted by ,vertical hatcls with the »HeJ.­
golaind« type net (K ti nn e, 1933) once a mo,nth firom the lbegi~nlin:g of 1968 
to the end 1of 1971. The part of that material, 1namely, the one from 1968 amd 
1969 was alreday used for the situdy of the ecology of the anchovy planlk.tonic 
phase during the seasoins o,f their a:pipearance on the invest1gated area (R e g­
n e r, 1972). 

Anchovy eggs, larvae and ipostlarvae were separated from the plankton 
samples amd co,uinted. The 'length of the la11ger amd smai,ler eg,g\s diame!ter 
and 'length of '1arvae a,nd postila,rvae was me\Sured. The '1arvae ainld p101st1arvae 
have been cla:ssifaed acco11dlim1g to length i1I1Jto the 2, 4, 6 and 8 mm g,roops, 
indtrcated wi:th the ilower C'lais,s lilm:itis. J n the leingth g~oup o,f 2 mm .there are 
larvae aind pastlaTvae which have paissed over to adive feeding recently, and 
in rthe others are pOisitJlairv,ae of different ages . 

D.uri!ng :the four year:s o'f the inveshgation it wais cought totally 1710 eggs, 
708 la:rvae and 470 anchovy postla,r,vae. 

RESULTS 

The analysis of the material showed that aU planktonii.c staiges of .the 
anchovy were č1ippeari1ng on the iiinvestfogaited a:rea from Apri'l to Ocrtober, 
except in 1969 when they were found in plankton from March lto November. 

A!lthough the horizonta! distribution ana·lys,i,s of the anchovy plain:ktoini:c 
staiges ipo;ilnted o,ut ,some differences in their quanitity at individua1 stati1ons, 
in 1thts wm:ik we were rega,rdlilng the iinvesti,gated :pI"of,ille as a whoae. 

The greatest number of anchovy eg,g,s was found j,n 1969, aind cer>tain 
increa:se wa1s noted iin 1971. 'I'o make disbinction from the eggs, lairvae were 
the mos:t iniu:mewus i!n 1968. The number of ~os,tlaTvae fr.om 1en,g'th group o,f 
2 mm ha,s been i:ncrea,sed f.rom 1968 ,to 1971, ain:d nUJmber of 4 mm grQiUp 
postla:rvae dearea1sed. The greatest number o.f 6 aJIIld 8 mm g;roups pustlairvae, 
thus the oldest ones, wa,s foun:d in 1969. (Tab. 1). 

Table 1. Distribution of the anchovy p!an'Monic pha,se on the 
iinvest1gated profile <lu.ring the period 1968-1971 

larvae pO'stlarvae 

year eggs 2 mm 2 mm 4 mm 6 mm 8 mm 

1968 373 235 55 45 12 2 
1969 501 151 75 36 13 5 
1970 400 149 76 32 6 2 
1971 436 173 78 26 7 o 

Larvae aind ,postilax,vae length g:roups as a percenits of a totall e~gs l!lUJIDber 
are given iln F~g. 2. Although they are calculated far a who,le spawini:ng season, 
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they cotl!1d be u,sed for a rough estimaition of the survival raltes. Frorm the 
mentio111ed :fli1g.ure ,itt could be seen that ~n 1969 suriVlival rates were relaitively 
constant, and that a percent of postlarvae who reached the 3 mm length group 
was the hiighest (1 O/o). By baising :it ,on thi's, and ,on maxirrna.l apJ>earnnce . of 
the eggs ill1. the pla,n1kto1I1 for all the period of invootiigations, it could be con­
cluded that 1969 was the mo'S,t favoura,ble far the a,rnchovy's spawning. 
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Fig. 2 Survival of anchovy larvae and postlarvae during 1968-1971 period. (Length 
groups are given in a percents of a total eggs number) . 

Ainalyisi.1s which have been oo,nducted regariding ·the egg size, hais shown 
that •the bo1Jh rdiaimeters have been redueed from the beg~nning fo the end of 
the spawniiing season. Cer,taill1. di>fferences have been fo11..1nd ill1 the mean year 
values of the both d:iameters, i. e. both of them a:re increasing frOIIIl 1968 to 
1971. (Tab. 2). 
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Table 2. Mean va.1ues of larger and smaller diameter of t!he anchovy eggs 

larger diameter smaller diameter 
months mon ths 

yea,r IV V VIII m IV V VII m 

1968 1,57 1,46 1,26 1,43 0,59 0,59 0,53 0,57 
1969 1,56 1,53 1,32 1,47 0,60 0,58 0,55 0,57 
1970 1,57 1,55 1,31 1,47 0,60 0,60 0,56 · 0,58 
1971 1,58 1,55 1,33 1,48 0,63 0,61 0,56 0,60 

DISCUSSION 

The resiultis of distiribuitirnn ana1lysils of the total annua•l 1mrmber of am.chovy 
eg,gs, 1arvae anid postla,rvae, showed thai the greatest number od: the eggis and 
the oldest ![)OIStla-rvae was :fioun,d on :tilie investiigated pTofile im 1969. This co1U1d 
indica;te tha:t condiitton:s for ,anchovy spawnlLng, as for ihe surviva!l of lthe 
postalarvae were the most favourable that year, which could be connected 
wilth lthe liincrease of p,rimairy p,rodudian in the Adriatic (Z o !l" e - A ir m a n da 
et al., 1971). Furthermo.re, it wa:s folund thai the osci!llations of the iota1 an..nual 
quanti:ty of 1the •anchovy eggls arui pastlarvae rrOl!Il 6 am.d 8 mm [en,gith g,roups 
on ,the i:nvestigarted profile are similiar to those of 'the pri,ma,ry productron. 
arunual meanl<3 for lthe same airea (Fig. 3) .* Accoirdling to this, !iit ca111 ,be con-
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Fig. 3 The relation between primary production and number of anchovy eggs and 
postlarvae from length groups of 6 and 8 mm; ----- primary production; 
- - - - -:- eggs; . . . . . 6 and 8. mm postlarvae. 

* The primary production is expressed as a mean annual value for the stations 
Kaštelanski zaljev and Stončica together. Data for foe first th!ree years are taken 
from Z o r e - A r ma n d a et al. (1971), and for 1971 are used unprublished data of 
T. P u ch e r - P e tko vi ć. 
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cl1uded, although on1ly a sho<rt perio:d was rinves,hga,ted, that the quainrtity of 
available food coulld be one of ,the main facto<rs affecting eggs quaintiJty amd 
suTVival of the rpostlarvae. Our Q'esultJs are is-imilarr .to t hose of Pa v lov s ik a­
ja (1958, 1961 a:nd 1964) who found ,thart i:ncreal5ed ammounlts of availabfe 
food result with increased quantity of ovocits in the gonads of the Black 
Sea aricho:vy, and that a quantiity o.f prnstlarvae rincreases with a quantity od' 
zooplanikton. 

It has to be :to!Ld 1that neiither aduil:t anchovy no,r iits pos'tlarvae are fi'to­
fagous, becaitIBe :the adui1t ancho,vy feds mos1Jly on COipe,podis, mysitdls al!1d the 
embryois of coaistal orustaceain species (D e mi T , 1965), while rpo:s1Jlarvae feed 
on copepod eggs, nauplii and copepodits. Fitoplankton was found in stomach 
contents of anchovy postlarvae only in small quantities (Pa v 1 o v s kaj a, 
rn58; D u ka, 1963; R e g ne r , 1971). This results show that the primary pro­
duction would not affect the eggs quantity and survival of the oldest post­
larvae directly, but probably by increased zooplankton production. 

Larvae and postlarvae from length groU1ps of 2 mm do not show depen­
deince o.f primary rprodruction (Filg. 4) . The gr eatest number of lairvae was 
foU!Illd in 1968. In 1969 and 1970 theicr- number d eclimes in order to imcrease 
again tiJn 1971. What was the ca1u1se of rtheir decrease in 1969, when the eggs 
were found im the greates,t number, li't coul!d n at be explained for the rpresent. 

Percemarge ilncreaise of postJlar vae :firom -length grou,ps of 2 mm ain 1970 
and 1971, and r~se of their number from 1968 towa11ds 1971 covrespondis to 
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Fig. -4 The nmnber of anchovy larvae and postlarvae from 2 mm length group 
compared with primary production; ----- primary production; - - - - -
larvae ; . . . . . 2 mm postlarvae. 



the found ill1crea1Se of 1111eain values ,of both di!aimeter,s of ancho,vy • eggs (Fi!g. 
2, Ta'b. 2). Accord:ilng tto B 1 a x ter a.nd H e m 'P e 1 (1963), ,the egg size, i. e. 
yollk reserve affec:1Js the survival •of postlarvae ,jwt passed over to active 
feeding. The found correlation between the egg size and quantity of youngest 
po,stlarvae (Fi,g. 5) could be exiplained iln thiis way. 
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Fig. 5 The number of anchovy postlarvae from 2 mm length group and annual 
means of egg's larger diameter lengths; ---- 2 mm postlarvae; - - - - -
larger egg's diameter. 

The :ilncrea,se of primair:y procliucfi-0n on the ,profale Kaštelans!ki .rzaldev -
Stončica :iis follliowed by increase of annual imea,ns of both eg,g dtaimeters in 
1969, but from 1969 ptiima~y production hais been declining aJI1d the egg size 
furthermore slowty ri:ses (Fi,g. 3 aind 5). Increase of the egg siize tn 1969 cQIUld 
be explaiined by the 1mproved feeding conditions, hut not 1lhe .tn,crease in 
yea1rs when the primary production dechnes. We cou1d co,nc1ude thait thi:s 
problem dis complex, becau.se the egg size ca1n be affected lby the ot'her factors. 
According to H e mp e 1 (1963 and 1971) and Ni ko 1 s ki (1969), the growth 
stl'Ucture of 1the a:dult stock can i,nfJuence on the eg,g ,size. D e Ci e­
c h om s ki (1966) showed, for ithe argentilne anchovy, ,thait la111ger and dlder 
femal:s produce the 1!arger eg,gs. W\th ithe anchovy frnm our area of i:nvesti-
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gation c01u11d be 1the same. Investigat.ion of the relailian between mean sea1sonal 
tempe1rnture v,alues a,nd the eg.g size of the ainchovy shoved .in the Cen<tral 
Adiriaiti:c a:t the sta1tionis St{)!Jlčica and P.elegrin iln 1968 and 1969 that the tem­
perature might a1so affeot the egg size in the reverse sense (R e g ne r , 1972, 
Fi,g. 6). 

CONCLUSIONS 

1. It ha1s been foun:d that oscillahol11s of the ,tofail annua,l qruantities of 
the anchovy eggs and ·the poistlaf!Vae firom 6 and 8 mm lenigth group:s were, 
dur.mg the 1irnve:s1fog,ated per.io:d, rsiimirlair to tho1se o.f aninual mearns of primary 
pr,oduc,ti,on. It -ca1n be siuppoise:d. that more abumidant a,p,pearance of eg,gs and 
postlarvae from quoted active feeding groups in 1969 could be caused by more 
intensitve inflow of Mediterranean water maisses into the Adriaiti'c, which 
caused 1!he ilncrease of rn;ganic ;prodiuctioo ,iln that year. 

2. The mearn ainm1ual amchovy egg size i1ncreases from 1969 to 1971 . This 
increaise cou1d be on1y pa1r,tilally ex!Plained with impr,oved feedin,g cornditions 
for adru1t filsh, because -the egg size gr,ows even iJn 1:he years when prtmarry 
prodiuction declines. 

3. It has been foUt111d thait the qua1ntity of ,porstlarvae firom length group 
of 2 mm, j11.11St passed over to aotive feeding, iseems to be dependent upon the 
egig size, i. e. yollk reserve. 
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Materijal je sakupljan jedan put mjesečno od početka 1968. do kraja 1971. 
godine ipla,111kitornslkom mrežom tipa »Helgola;nd« na postajama Stončka, Pele­
gri1r1 i Ka-štelaooki ,zaljev, ra::iporedenim na tra,nsverzaln'Offi profi1u u nii,vou 
Splita. Nađena jaja, larve i postlarve brgljuna su izbrojeni i izmjereni. Iz­
mjerene lairve i posrt:Jlairve su svrstane u dužimiske sfoup-ine od 2, 4, 6 i 8 .mm. 
U sklu:pini od 2 mm nalaze se '1-a-rve i post[,arve ;koje su tek prešle na aktivnu 
ishranu, a u ostailima rpos-1Jla,rve ko,je se iisiklju6iivo akti'vnio hra1r1e. 

Ja:ja br,gljUJna i postlarve iz dužim:skiih ,skupina od 6 i 8 mm nađenii su 
u naijvećem broj!U ru 1969. godin1i. Pora,st iilljihovog broja može L'ie tumačiiti 

pobolj,ša.njem uvjeta ilshrane adu1tnog brgljuna i 1pos1t.larava iz navedenih dlll­
žins'kih sk1U,pina, jer je 1969. godine došlo do po,jačanog priitiiva medli.rteranslke 
vode u Jadran, što je ,u\Tljetovalo pornst rpr~marne rprodukciae. U~o-ređuj1Uć:i 

osci!lacije brojnos,ti jaja i pos;t!la-ra:va hrg•ld1una .iz slkupina od 6 \i 8 mm s godiš­
njim s,redn(iaciima primame prodilllkci'je, nađemo je da se te vt,i/je'cl,nosfa tokom 
istraži,vanro.g periioda rpoduda:raju, na osnovu čega bi se moglo zark~jučiti da 
primarna produkcija ima utjecaja na spomenute planik:tOtnSke stadlide. Ulljeca,j 
primarme rprodiu1kcije na jarja i pOIStlarve brgljuna vjerojatno nije direktan, već 
bi se mogao ostva,riiva.ti preko povećane produkcije zooplainktona Ikojim se, 
prema dosadaš.ruj]m podacima, adultni hrglj,un i njegoive postlarve hraine. 

Larrve brg.J.rjuJ1a i po,stilarve iz duž}nske skiupine od 2 mm, Ikoje su tek 
prešle na atkiliivnu :ishranu, ne pokazuju poklapanje s pirimarm:om rpro:dlu!kcijom. 
Smanjenje lk-olič]ne larrava zabHježeno je u 1969. godini, kada je primarna 
pr-odukci:ja bliila najveća. Što je utjecalo na pad nj ihove brojnosti, za sada n.iae 
bilo mog,uće objasn1ti. 

Kretande 1broijrno!sti ipostla:rava i,z skJupine od 2 mm .poklapa se s prom~e­
nama srednjih godišnjih vnijedno~ti veliči-ne jaja, na o~novu čega se može 
za:kilj 1uč.i'ti da bi rujihorva hwjinost mogla ovisi,ti o ve1~čimi jaja, odnosno o rezervi 
žuman'ca koja dm sto,je na rasrpola:ganju. 
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Značađlilliiji po,rarst veličine jaja brglj,una 1Uočen je u 1969. g.odinli, što bi 
se moglo tumačiti boljom ishranjenošću a:d!ultne riibe zbog povećane prLmarne 
prOldU'kcjJje. Međutim, veriči1na jaj.a ras,te i u 1970. i 1971 . godini, Ikada pr.i­
mairina prodUikdija opada. To bi moglo rukaiilvati da bi 111a prom1ene veličiJD.e 

jaja br,gilljuna na frsrtlraživainom podr,učju, uz eventualnu ishran jenoot aduLtme 
ribe, mogao imati znatnijeg utjecaja i niz drugih faktora, ko,je bi t rebalo 
istražilfil. 






