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The results of analyses of spatial-temporal distribution 
and survival of anchovy planktonic stages collected from the 
open sea and channel area far fifteen years and from the 
coastal area far nine years are presented. This study was 
undertaken to contribute to the knowledge of their ecology 
as well as of the fluctuations in their numbers to show what 
caused them in the first place. 

Temperature effects on egg developmental time and the 
rate and properties of growth of anchovy larvae and post
larvae under experimental conditions were examined far the 
purpose of these i.nalyses. Mathematical approximations of 
these relationships were also made. They provided the basis 
for the calculations of the age of anchovy developmental 
stages in the plankton. Global, monthly and annual mean 
mortality coefficients of anchovy eggs and larval stages were 
calculated from the known age from which the periods of 
specific mortality were also established. 

Egg production and the numbers of anchovy larvae and 
postlarvae per unit time and area were calculated for each 
individua! sample from known egg developmental time as 
affected by temperature and from mortality coefficients. 
Thus the data on plankton catches were made intercompa
rable irrespective of the time and place they were realized at. 

The analysis of long-term monthly means showed that 
spatial-temporal distribution of anchovy planktonic stages 
during spawning season was affected more by the dynamics 
of biotic environmental factors (primary production and zoo
plankton quantity) than by that of the abiotic ones (tem
perature, salinity). 

The study of the relationship between anchovy planktonic 
stages and adult anchovy catches from the study area showed 
that during intensive reproduction anchovy were far less 
accesible. 

Long-term egg production fluctuations, the numbers and 
survival of anchovy postla rvae were observed in relation to 
the above mentioned abiotic and biotic environmental fac-
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tors and anchovy catch fluctuations applying the spe : tral 
analysis method. 

The similarity between oscillation periods of all analysed 
parameters led to the conclusion that the entire anchovy 
population responded to environmental changes with a pha~~ 
lag of about a year. It seems to be largerly affected by the 
trophic basis changes. 

Calculated basic oscillation period provide a good basis 
for eventual long-term forecast of anchovy population fluc
tuations in the Adriatic. 

1. INTRODUCTION 

Anchovy, Engraulis encrasicolus (Li nn a e u s, 1758) are the only repre
sentatives of Engraulidae family in the Mediteranean and therefore in the 
Adriatic, as well. They count among the pelagic species of small size thus 
that in the Adriatic they reach nat more than 205 mm in length (Mu ž i n i ć , 

1972). They are distributed in the Atlantic, from the western coasts of Africa 
up to Bergen, as well as in the North Sea, Baltic, Mediterranean and Black 
Sea. They are widely distributed in the Adriatic inhabiting all its parts down 
to 210 m depth (Muž ini ć, 1973). 

Anchovy are siignificant in the Yugoslav pelagic fish catch. In the 1961-
-1974 period the average Yugoslav anchovy catch was 3490.9 tons (Stočarstvo 
i ribarstvo, 1962-1975) after the average sardine (Sardina pilchardus W a lb.) 
catch of 11632. 7 tons and the average sprat (Sprattus sprattus L.) catch of 
3596.3 tons. Anchovy make 16.70/o of the total Yugoslav pelagic fish catch 
which was 20949.2 tons in the 1961-1974 period. 

On the other hand, with the average catch of 23734.8 tons anchovy made 
up even 63.40/o of the Italian average pelagic fish catch in the Adriatic whkh 
was 27428.34 tons in the same period (Annuario statistico della pesca e della 
caccia, 1962-1973; GFCM STATISTICAL Bull., 1, 1976). 

Making up 46.640/o, anchovy quantities of 27225.7 tons were the highest 
in the total average Yugoslav and Ital-ian pelagic fish catch of 58377.54 tons 
in the same period. 

Up to now, a large number of authors have studied both the adult anchovy 
and their planktonic stages owing to their high proportions in the catch as well 
as to their relatively high commercial importance. However, since a number 
of questions concerning this fish species have remained unanswered their 
ecology should further be given great attention. Therefore the researches the 
results ,,of which are published in this paper were carried aut in ,order to 
contribute to the better knowledge of ecology of their planktonic stages in 
the Adriatic. 

1.1. A REVIEW OF THE STUDIES OF ANCONOVY PLANKTONIC 
STAGES CARRIED OUT UP TO NOW 

Anchovy eggs were far the first time described by R a f f a e i e (1888) 
)on the basis of the plankton material coUected from the Gulf of Naples. 
After him an anchovy egg is of elypsoid shape and its longeT diameter is 
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1.15 - 1.25 mm. Capsule structure is smooth with no pores and/or grooves. 
Large vesicles cover most of the yolk which has no oil globules. The first 
descripUon of anchovy larvae was given by W e n c k e b a ch after Eh r e n
b a um (1905-1909). According to Eh r e n b a um' s (1905-1909) data from 
the North Sea the larva is 4 mm long. F age (1920) made the detailed 
descr.iipti1on oif anchovy postfairvae o,f 4-50 mm :iJn lenghit. D'A n c on a (1931) 
described in detail anchovy larvae and postlarvae from the Gulf of Naples. 
Yolk sac of the larva is elongated backward. Chorda is relatively thick with 
two rows of cells. The intes,tine is thin, stright and ends at the venitral end 
of the primordial fin . Larva has neither mouth opening nor pharynx. It's eyes 
are unpigmented. On its ventral side there is a lot of pigment cells along the 
intestine. After D'A n c on a larva transforms in postlarva at 4-5 mm length. 
In postlarva the yolk .sac is resorbed, eyes are ,pigmented and silver, otocysts 
are very big. Mouth opening is formed already at the end of larval stage 
before the yolk sac complete resorption. Primordial fin is diminished and 
rays occur in dorsal, anal and caudal frins. Dorsal fin is formed at the level 
of anal opening. Pigment cells extend along the intestine, at the end of tail 
fin and on the lower body side from the anal opening rto the tail. Point shaped 
melanophore is formed aibove the anal opening. The longest postlarva described 
by D' A n c o n a was 33 mm in length. 

The first data on anchovy eggs in the Adriatic plankton were given by 
G r a e f f e (1888) who reported anchovy to spawn in the northern Adviatic 
in .summer months. After the results of the previous investigations (Ste u e r , 
1910 ; Stiasny, 1910 ; Vatova, 1928 ; Gamulin, 1964; Varagnolo, 
1964 ; Vučetić, 1964; Varagnolo, 1965 ; Zavodnik, 1967; štirn, 
1969; Zavodnik, 1970 fo,r the nol'thern Adiriartic ; Gamu 1 i n , 1940 ; V u
če ti ć, 1971 ; R e g ne r, 1972; Vuče ti ć, 1975 for the central Adriatic ; 
Vuče ti ć, 1957 ; Me r k e r and V u j o ševi ć, 1972 fo r the southern Advia
tic and P ,j c cine t ti et al., 1979 for a part of the southern Adriatic, as well 
as for the central and northern Adriatic) anchovy eggs are ordinarily taken 
from plankton in April-October. Za v o d ni k (1970) reported a record of 
one anchovy egg in the Gulf of Venice at the end of February 1967, which is 
the earliest reported record of anchovy eggs in planMon. Results of the cen
tral Adri.atic investigations (Vuče ti ć, 1971 ; R e g ne r 1972) show that the 
season of anchovy egg occurrence in plankton may sometimes extend from 
March to November. The incr-eased sea temperatur,e in January and February 
seems to affect the earlier occurrence of eggs in the area (R e g ne r, 1972). 

Afte r the records of the afore-mentioned authors, anchovy egg maximum 
numbers occur in May-June and August-September respectively . Maximum 
numbers occur in the open central Adriatic earlier than in the coastal neritic 
waters (Vuč e ti ć, 1971; R e g ne r , 1972 ; P i c cine t ti et al. , 1979). 

Studies of •the seasonal aspect of anchovy egg occurrences in the Adriatic 
i.Jncluded also the colleotion orf data on w aite[' t empera,ture'. sa[ilnity and densiity 
ranges within which these occurrences tako ,place. Anchovy eggs were vecor
ded from the northern Adriatic at temperature ranging from 11.6 to 27.5°C 
(Š ti r n , 1969 ; Zavodnik, 1970) with maximum numbers at temperature 
of about 22°C, and 9.1 - 38.50/oo salinity (Var a g no 1 o, 1965; š ti r n , 1969 ; 
Zavodnik, 1970). After rthese authors, anchovy eggs are more numerous in 
the northern Adriatic at lower salinity values. In the centra! and southern 
Adriatic anchovy eggs were found at 13.l 7-27°C temperature range (Vuče-
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tić, 1957; Merker and Vujošević, 1972; Regner, 1972) with maxi
mum numbers at 18-20°C (R e g ne r, 1972) and at 33.86-38.69%0 salinity 
range (Merker and VujoševJć, 1972; Regner, 1972) with maximum 
number at 34-38%0 salinity (R e g ne r, 1972). Anchovy egg max;ma were 
found to occur within a oonsiderably narrow water density range, 26.6-27.4 at 
in the open central Adriatic and 24.13-24.81 at in its coastal part (R e g ne r, 
1972). 

Effects of some of the biotic factors on the seasonal anchovy egg distri
bution was ,s,tudied in addi'tion to the water temperatur,e, salinity and density 
effects. Comparing the eleven-year mean anchovy egg quantities during the 
spawning season with the fong-term dry weight means and number of indi
vidual zooplankton groups, V u č e t i ć, (1975) finds that the variations in 
anchovy egg quantities during the spawning season ooincide with the variia
tions in zao.plankton dry weight and phytoplankton quantity in the coastal 
area and the zooplankton dry weight maxima in the open sea. After this author 
the adaptation of adu1t fish to certain feeding conditions before and during 
the spawning season accounts for this phenomenon. 

Taking together the results of ,the •investigations of all the foregoing 
authors the conclusion arrived at is that during the spawning season anchovy 
eggs are present all over the Adriatic at depths not exceeding 150-200 m. 
Anchovy eggs are either not found at all or rarely f.ound 1n small numbers 
in rthe areas of greater depths such as the South Adriatic Pit and Jabuka Pit. 
The investigations carried out up to 1110w does not provide the basis for an 
ai\l]1;horitative picture of the anchovy eggs quantitative relations between 
differ,ent Adriatic areas s>ince .different authors collected material with different 
gear and differently expressed quantities (per plankton net haul, per unit 
volume, per square metre). 

The investigations in the central Adriatic showed that anchovy eggs were 
more numerous in the ooastal and open sea than in the channel ar.ea (G a
m u 1 i n, 1940; Vuče ti ć, 1971; R e g ne r, 1972). The investigations of 
anchovy spawning iin the northern Adriatic, from the outer side of island 
Dugi otok to the coasts of Istra, Vuče ti ć (1964) showed that during the 
spawning season the areas of anchovy spawning were displaced from the open 
sea towards the coasts of Istra. Var a g no 1 o (1965) found for the Guli of 
V,enice tha,t spawning centres were also shifting towards the coast as well 
as along the coast in a counterclockwise direction. The findings of both of 
those authors show that spawning centres in the northern Adriatic are in 
fact shifting in the direction of the prevailing Adriatic surface current. On 
the contrary, š ti r n (1969) established quite the opposite direction of 
spawning centres shifting. And finally, the only investiga.tions so far which 
collected material from a relatively large number of stations covering a large 
part of the Adriatic in a relatively short time (P i c cine t ti et al., 1979) 
showed that iJn 1976 anchoivy eggs occurrerl i,n the fairgesrt number in the Gulf 
of Trieste, close to the river Po delta and in the open Adriatic from the 
1evel of the S.usak Island to the northern margin of the Jabuka Pit as well 
as round the Palagruža Island. 

Further • on, vertical anchovy egg distribution was also studied in the 
Adriatic. Vuče ti ć (1957) and Gamu li n (1964) concluded that anchovy 
eggs were distributed in the surface layers. On the basis of egg quantities in 
the cartches from different depth layers by vertical hauls of plankton net 
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fitted closing facility (R e g ne r, 1972) it was found that eggs were mainly 
distributed in the upper ten metres. By a series of plankton net horizontal 
hauls at different depths Var a g no 1 o (1965) and Cm o v ž (1973) took the 
largest number of eggs at 1 m depth below the surface. Studying the zoo
planlk,fon :mrucrodistrilbuti1on G hir a r d e l li (1967) and Spe c ch i (1968) found 
the greatest concentrations of anchovy eggs in the 7- 27 cm depth layer. 
After these records .it may be concluded that the anchovy eggs are floating 
immediately beneath the surface. 

V u četi ć (1957) and Var a g no 1 o (1964a) observing the occurrence 
of individual embryonic egg sitages in plankton by a series of successive 
catches realized at shorter time intervals over few days determined approxi
mately the period of the day in which anchovy are spawning, as well as an 
approx.imate duration of their embryonic development. V u č e t i ć reported 
that anchovy spawned in the Mljet Island Lakes between 7 and 9 o'clock p.m. 
and that their embryonic development took up to 40 hours at 20-21 °C 
temperature and about 24 hours at 27°C. After V a r a g n o 1 o, who studied 
the area of Chioggia, anchovy spawn between 6 and 8 o'clock p.m. and 
embryonic developrnent requires 4 days at 16.5°C to 1 day at 27-28°C. 

Studying the shape and size of anchovy eggs from different Mediterranean 
and Black Sea areas, Lugova ja (1963) found the eggs from the central 
Adriatic to be larger and more elongated (means of both diarneters were 
1.36 X 0.63 mm) and those from the northern Adria,tic smaller and more oval 
(means of both diameters 1.20 X 0.50 mm). This author accounted it for by a 
salinity decrease going northwardly from the centra•l Adriatic. Anchovy egg 
size was found to vary from 1.2 - 1.84 X 0.48 - 0.67 mm in the centr.al 
Adriatic. It was recorded tha.t the eggs were smaller at the end of spawning 
period than a,t its beginning (R e g ne r, 1972). This is held to be due to the 
later sexual maturation of smal,ler and younger Jish, which as a rule, have· 
smaller eggs. It was, as well, found that anchovy eggs were larger im the open 
part of the cent:ral Adriatic than -in the coastal part never,theless the salinity 
was lower .in the coastal area (R e g ne r, 1973). This could be the result of 
the spawning of smaller and younger Hsh in the coastal area. 

Egg mortality and surv.ival in the Adriatic are very li-ttle known. Compar
ing the quantiti,es of alive eggs with those of dead eggs in individual stages 
R e g ne r (1972) found the greatest mortality at first development stages. 
Calculating egg mortality by :the same method P ,i cine t ti et al., (1979)· 
give an average rnortality of the Adriatic anchovy of about 980/o tak:ing from 
the beginning to the end of embryonic development. Mortality causes and the 
intensity of effects of eventual predators are, for the time being, almost 
completely unknown. 

Long-term fluctuations of anchovy egg numbers were also studied in the 
central Adriatic. Consiiderable .increases in the total number of eggs were 
recorded from the coastal and channel area in the 1959-1969 period. These 
increased quantities were recorded in the open sea in 1961, 1968 and 1969. 
This increase in the number of eggs was accounted far by the ,periodical 
more .intensive ingressions of .the eastern Mediterranean water into the Adria
tic (Vuče ti ć, 1971). Carrying larger quantities -of nutrients (B u 1 j a n, 
1953) this water causes an increase of the Adriatic organic production. lt was 
noted far the same area that the variations in .total .anchovy egg numbers in 
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plankton coincided with the variations in the mean annual primary production 
values (R e g ne r, 1974). The effect of primary production is indirect realized 
probably through the increased production of zooplankton on which the adult 
anchovy feed. 

And fiina11ly, three aittemp/ts have been made u,p to now to as,sess the 
quantites of sexually mature anchovy in the Adriatic on the basis of egg 
quantities in plank,ton. Namely, if the egg quantities in plankton, spawning 
season duration and magnitude of fish spawning area are known on the 
one side and weight and fecundlity of females and rthe il'1umber of ba,tches in 
one season as well as the quantitative relations between sexually mature 
'females and males on the other, the biomass of sexually mature part of the 
population may be calculated. First attempt was made by š ti r n (1969) who 
·calculated that anchovy biomass was 250 000 tons in the northern Adriatic 
in 1965. Vuče ti ć {Ka r 1 ova c et al., 1974) assessed anchovy biomass to 
reach 190 000 tons in the whole Adriatk. In 1976 P i c cine t ti et al., (1979) 
found that the biomass of this was approximately 927 000 tons in a part of 
the southern Adriatic and in the central and northern Adria,tic. 

Apart from eggs, the problems of the Adria:tic anchovy larvae and post
larvae have been much less studied. 

Data on anchovy larvae and postlarvae were for the first time given by 
Ka r 1 ova c (1963) on the basis of the material collected during the HVAR 
Expedttion cruises covering the whole open Adriatic in 1948-1949. After this 
-autor anchovy larvae and postlarvae occur in plankton from May to November 
with maximum numbers in July-September. Larger concentrations of larval 
staJges were reoorded :between the Premuda Isiland and the norithenn margiin 
of the Jabuka Pit as well as round the Palagruža Island. Further, Karlovac 
(1967) found that the density of the central Adriatic larvae and postlarvae 
in .the open waters and channels exceeded that in the closed bays and that 
the time of their occurrence in plankton is opposite to the time ,of sardine 
larval stages o.ccurrence. In 1the central Adriatic anchovy larvae and postlarvae 
were taken from plankton frorn April to November with maxima in June and 
August. It was found that they occurred within approximately the temperature, 
salinity and density ranges of egg occurrence (R e g ne r , 1972). The larvae 
and postlarvae reach maximum numbers within 17.8-21.7°C temperature 
range, 35.00 - 38.58%0 salinity range and 24.5 - 27.0 at density range (Ka r-
1 ova c, 1963; R e g ne r, 1972) . 

Vertical distribution of anchovy larvae and postlarvae was also studied 
in the Adriatic. Larvae and postlarvae were found to be most numerous in 
the 10-20 m depth layer in the centra! Adriatic, while in the surface layer 
(0-10 m) they may be found only by night what indicates the nyctohemeral 
mi,grations (R e g ne r, 1972). Studying the vertical distribution in the Medi
terranean and Adriatic č mo v ž (1973) recorded the highest concentrations 
of anchovy larval stages at 25-50 m . 

It was found that in the Adriatic anchovy th~ change of larva in postlarva, 
i. e. the change from passive to active feeding took place at leng,ths of 3.1- 3.5 
mm (D u ka, 1963) and/or of 2.8 - 3.9 mm (R e g ne r, 1972) . 

Adriatic anchovy postlarval feeding has been studied on two occassions. 
D u ka (1963) found .that anchovy fed mainly on copepod developing stages. 
After this author index of gut fullness ranges from 68.28 in younger postlarvae 
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(3.6 - 6.0 mm in length) to 39.05 in older postlarvae (6 .1 - 12.0 mm in 
length) and these postlarvae feed during the light period of the day with a 
brake at noon hours. R e g ne r (1971) found similar food composition in 
anchovy frnm the centr:al Adriatic. After this author the percentage of post-
1arvae which reach the food is higher in the coastal and channel areas than 
in the open sea. 

The only data sources on larval and postlarval anchovy survival are 
those from the central Adriatic. It was observed that the number of postlarvae 
immediately upon the yolk sac resorption was considerably reduced if com
pared with that .of larvae. On this basis it was concluded (R e g ne r, 1972) 
that in this stage anchovy were in the »critical« period which, after H jo rt 
(1914), occurs in many fish species a.t the transition from passive to active 
feediitng ow'.iing to the 1ack o,f a<lequa<te foiod. The percenroages od' toitail. quant1rt;y 
•of older anchovy postlarvae (of 8.00-9.99 mm in legth) in relation to total 
egg quant iity forund dur'iing 1nditvidual spawning seas,ons we.re, further, cailcu
lated for the same area in 1968-1971. These cakulations, used as a rough 
indicator of survival, showed that survival ranged between 0.5 and 1.00/o. 
The comparison of the percentage o.f survived postlarvae and the total annual 
number of postlarvae with the annual primary production means showed 
their positive correla,tion which indicated that the better availability of food 
was the basis for the better survival of anchovy postlarvae (R e g ne r, 1974). 

The already given account of the researches so far of the anchovy plank
tonic stages in the Adriatic shows that a relat-ively large number of authors 
have studied their eco1ogy in detail. Comparing the results of these investi
gations with everything known of the other Adriatic planktonic fish stages, 
it may be concluded that in this respect anchovy are besides sardine, the 
best studied Adriatic fish species. 

All the earlier data referring :the anchovy eggs, irrespective whether 
including their seasonal clistribution or long-term fluctuations have been based 
upon ithe comparison of egg quantit-ies expressed per net haul, per cubic metre 
,o,r under a squaire metre. Since, however, ithe time of embryonic development 
is proportional to the environmental temperature, eggs accumulated in 
plankton are, dependen.tly on temperaiture, spawned d,uring diifferent number 
of days. This shows that the intercomparison of egg quantities cannot give a 
proper image of spawning intensity. To make the data intercomparable, the 
number of eggs recorded from a sample should, af.ter Tanak a (1973) , be 
divided by the number of days necessary for the complete embryonic deve
lopment at the water temperature at time of sampling. Further, to give an 
approximately real insight into the spawning intensity expressed as a quantity 
-of eggs spawned peir unilt time and a,rea, the cor,reobioin for e,ggs morfality 
should be made. Only thus elaborated samples are intercomparable irrespective 
-o.f the time and place of samp1i1n,g. S:i!nce no more precitse da.ta on eg,g develop
men,t speed in relation to temperature have been available, neither mortality 
nor spawned egg quant-ities could be calculated. At the same time there are 
no data on larval and postlarval growth rates 1n relation to temperature, 
•except those of Kor ni 1 ova (1955) for 22-24°C temperature. Therefore 
mortality, i . e. survival could not be calculated either. 
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2. STUDY AREA 

The studies were carried out at a transversal profile which goes a1most 
straight south from Split. It ,inoludes the sta.tion Kaštela Bay (43°41'N 16°22'E), 
Pelegrin (43°12'N 16°19'E) and Stončica (43°00'N 16°20'E). These stations are 
distributed thus that they cover a relatively closed coastal area, the channel 
area and an area affected by the open sea. The InsNtute of Oceanography 
and Fisheries in Split has a long-term series of data on physical and chemical 
parameters as well as on .the primary and secondary organic production 
oollected from these stations (Fig. 1). 

The depth of the Kaštela Bay Stati.on is 42 m. The bay in which fhis 
station is located is characterized by the large variations of oceanological 
factors due to the land closeness, bay's shallowness and freshwater inf1ows. 
The bay is relatively closed, surrounded by the Kozjak Mountain, northern 
ooais:t of the Oio.vo Is1aind and MaJrjan PeninsuJ.a. On the one side irt; is connected 
with ,the adjacent sea through a narrow and shallow strait near Trogir and 

25 = Kaštela Bay 

8 = P<:!leg;in 

9 = Stančica 

Fig. 1. The area of investigations 
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on the other through a strairt between the Ciovo Island and Marjan Peninsula 
of 0.9 miles in width and 51 m greatest dep.th. The area of the Bay is 61 
square khlometers with the mean depth of 23 m (Zore -A r ma n da, 1955). 
The greatest recorded depth is 45 m . 

The fresh water inflows originate in the Jadro River drainages and 
submarine springs (A 1 f i r e vi ć, 1966). 

lts bottom is mainly muddy, only somewhere rocky. 
After B u 1 ja n and Zore - A r ma n da (1971) annual surface tempe

rature variations range between 7-8°C and 25°C, and •in some ,places the1 

temperature even reaches 28.05°C. According to the long-term observahons 
by the same authors mean temperature of 0-30 m depth water column vary 
from 12.02°C to 22.19°C. Minimum sea temperatures of the Kaštela Bay occur 
in February and maximum in August (surface) and Ootober (bottom layers). 
Salinity variattons are also considerable ranging from 28.17-38.190/oo on the 
surface and/or from 34.58-38.040/oo in the 0-30 m water co1umn. Minimum 
salinity values are recorded in December and January and 1ma:x:imum in 
.August. 

Sea currents of the Kaštela Bay are variant due to the smaH depth, 
strong local wind forcings and poor tidal ourrents. After Z o r e - A r m a n d a 
(1975) mean resultant current speed ,is 6 cm/sec on the surface, 4 cm/sec in 
the intermediate layer and 3 cm/sec in the bottom layer. The greatest current 
speeds occur in the autumn and winter months. Resultant current directions 
are W, NW in spring and early summer, E in summer, partioularly in the 
surface -layer, and S in winter (Z ,o re - A r ma n da, 1974). It was also calou
lated that the exchange of the entire bay's water mass with the Brač channel 
took place twice in a month's period .and that the inflow somewhat exceeded 
the outflow (Zore - A r ma n da, 1975). 

The primary prodru.ction measurements by S t e e m a n - Ni e l s ,e n method 
by means of radioactive carbon (C14) showed that, dependently on the year, 
it varied in the Kaštela Bay within the 103.2-177.4 g C/m2 range per year 
with maxima in winter and spring periods (P u ch e r - Pet kov i ć, 1970). 
This area seems to begin to show the signs of eutrophication due to the 
organic pollution originating from the town of Spht effluents. The evidences 
of eu.triophication were found !i1n increased ce[l number and summer phyto
plankton maximum (P u ch e r - Pet kov i ć, 1975). 

Mean zooplankton biomass value (dry weight) obtained from the long
-term means is 7.7 mg/3. Maxima occur :in this area in the warmer part of 
the y,ear in the months of March, May and August (Vuče ti ć, 1971a). 

Pelegrin Station is close to the Cape Pelegrin of the Hvar Isiand. Its 
depth reaches 78 m . This station is affected iboth by the land and by foe 
open sea, thus the hydrographic properties vary less here than in the Kaštela 
Bay and more than in the open sea. Bottom is of sandy-detritic structru.re 
(Gamu 1 i n - Brid a et al., 1971). 

Temperature ranges from 12.07° to 24. °C and sahnity from 36.89 to 38. 71 %o 
(B u 1 j a n and Zore - A r ma n da, 1966). 

Current of W directfon is prevalent in spring, and of NE direction in 
autumn. Current speeds vary from 13-23 om/sec (Z o r e - A r m a n d a, 1975). 

There is no available data on primary production at this station, since 
pvimary productiion was not studied here by the •radioaotive carbon method. 
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However, the long-term observations of phytoplankton quantity expressed as 
a number of cells per htre of sea water show that phytoplankton quantifies 
are considerably smaller here than in the Kaštela Bay and still higher than 
at Stončica Station (P u ch e r - Pet kov i ć in Ka r 1 ova c et al., 1974). 

Mean zooplankton biomass value is 4.8 mg/m 3 with maxima in March 
and May (Vuče ti ć, 1971a). 

Stončica Station ,is 4 nautical miles south from ,the Cape Stončica of the 
Vis !S'laind, wdith depth of 107 m. Bottom structuire is the same as that at 
Pelegrin Station. 

This station is affected by the open sea thus that the temperature and 
salinity variation:s are lesser than at rthe preceding stations. 

Annual surface temperature value varies from 13.52 to 23.88°C and salinity 
from 37.39 to 38.55%0 (B u 1 ja n and Zore - A r ma n da, 1966). 

Resultant surface current directions at Stončica Station are NW in winter, 
N in SIPri'Ilg, SE in summer aind SW ill1 autumn. E diireotio1n prevalils in the 
intermediate layer never•theless the W and NW direction speeds are highest. 
In the oolder part of the year S direction is prevalent in the bottom layer 
what is probably ri.n oonnexion with the outflow of the cooled coastal water 
which flows aut towards the open sea close to the bottom. In the warmer 
part of the year the alternative occurrences of W and SE directions are 
recorded. Current speeds vary from 1-14 cm/sec on the surface, 5-13 cm/sec 
in the intermediate layer and from 3-16 cm/sec in the bottom layer (Zore -
A r ma n da, 1968). 

Primary production of organic matter varies at this station dependently 
on the year, from 44.4 to 92.2 g C/m2 per year (Pucher-Petković et 
Zore - A r ma n da, 1973). As it may be seen the primary organic production 
is considerably less here than in the Kaštela Bay. This is probably due to 
that the nutrient concentrations are lower here than in the costal area 
(B u 1 j a n et al., 1975). Maximum organic matter production occures at this 
station in winter (December-January) and spring (May-June). 

Zooplankton biomass is, on an average, 3.8 mg of dry matter per cubic 
metre. Higher dry weight values ocour from March to May with the marked 
maximum in April (Vuče ti ć, 1971a). 

The long-term observations of a11 the stations of the study area show 
that salinity and nutrient quantities are periodically increased what after 
P u ch e r - Pet kov i ć and Z o r e - A r ma n da (1973) produces favourable 
effects far the primary and secondary organic production, both in this area 
and in the whole Adria,tic. These salinity and production relation changes 
are, after B u 1 ja n (1953), due to periodical intensified ingressions of the 
more saline eastern Mediterranean water into the Adriatic. 

3. MATERIAL AND METHODS 

Stations Stončica and Pelegrin were sampled from January 1962 to 
December 1976, and the Kaštela Bay Station from February 1968 to December 
1976. All samplings were made on monthly basis by m/v BIOS and m/v PRED
VODNIK. A total of 176 2-4 day cruises were realized. 
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At all stations the zooplankton samples were obtained by double vertical 
hauls with a plankton net of ►►Helgoland« type (K ti nn e, 1933). Net's mouth 
aperture diameter is 143 om with 1.6 m 2 area. Net of silk No. O with 0.516 mm 
mesh size was towed at a speed of 0.5 m/sec, viz. at about 1 knot. Material 
colleoted by both hauls was kept in the same jar and fixed :in 20/o neutraliseđ 
formol solution in the sea water. 

Net was towed from bottom to surface, at Stončica and Pelegrin from 
75 m and in the Kaštela Bay from 30 m depth. 

Data on the sea temperature and salinity were collected simultaneously 
with zooplankton samplings at each of the stations. These data were taken 
from standard oceanographic levels, i. e. from O, 10, 20 and 35 m at the Kaštela 
Bay Station, kom O, 10, 20, 30, 50 and 75 m at Pelegrin and f.rom O, 10, 20 
30, 50, 75 and 100 m at Stončica. 

Collected zooplankton material was further worked out in the laboratory. 
Prior to sorting, zooplankton samples were sedimented for 24 hours in 1 1 
beaker in order to obtain the data on the overall plankton volume. Volume 
was expressed in cubic centimeters. Material was then examined under binocular 
microscope at 10 times enlargement and the complete ichthyoplankton sepa
rated. From the rest, the anchovy planktonic stages were extracted and 
counted. Anchovy planktonic stages were determined after D' A n c on a (1931). 

Planktonic stages were classified according to the following scale: 

1. Egg stage, from fe rtilization to hatching. 

2. Larval stage, from hatching to the complete yolk sac resorption. As a 
rule, only pectoral fins are differentiated in t,his stage. Mouth opening 
has not yet developed, eyes are not ipigmented. At termination of this 
stage mouth is opened and eye pi.gmentation begins. 

3. Postlarval stage initiates with the compl.ete yolk sac resorption. Mouth 
is well formed, eyes pigmented and the differentiation of dorsal, 
ventral, and caudal fins begins. Body loses its transparency and 
pigmentation is increased. 

The classifica-tion given for sardine in the GFCM Studies and Reviews, 
No. 1 (1957) w.as used to classify anchovy eggs with res,peot to the embryonic 
development. This classification was adapted to anchovy thus that eleven 
stages (I-XI) were modified to ten (I-X) . 

I s.tage •includes non-fertilised and fertilised eggs in which cleava.ge 
has not yet started. It ends with the cleavage beginning. 

II stage starts with ,the occurrence of two blastomeres and extends 
to the beginning of gastrulation. 

III stage begins with the occurrence of gastmlation -cavity. At the end 
of this stage the blastodisc covers about one-third of the yolk. 

IV stage begins with the embryo distinotion along the median line, 
head formed on the embryo is olearly distinctive since it is wider 
that other embryo's parts. At the end three-thirds of rthe yolk are 
covered by blastodisc. 
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V stage begins with the three-thrids of the yolk been enclosed by 
blasitodisc and lasts till the blastopore is closed. The folds of dorsal 
fin are visible on embryo. Eye bubbles become discernable at the 
end of this stage. 

VI stage begins from the closing of blastopore and appearance of ey~ 
bubbles and lasts till the beginning of tail separation from the 
yolk sac. Eyes extend almost to the half head. Somites formation 
begins. Embryo thickens all its length long and pupils become 
distinct. 

VII stage begins with the separation of tail from the yolk sac and ends 
when tail is one-third as long as the body. Tail top is rounded and 
is still in the same plane with the body. Fin folds are clearly 
visj,ble around the tail pant. 

VIII stage begins with tail flexing laterally. Ventral fold of primordial 
fin is as wide as the embryo's body. At the end of this stage tail 
top ;is pointed and the tail ,is bent at and angle of 90 degrees with 
respect to the its position at the end of seventh stage. 

1X stage begins when the tail is hack in the plane of the embryo's 
body, which is turned -up at an angle of 90 degrees with rescept 
to the one at the ,end of stage VIII. It ends when the free body 
part is half as long as the body. 

X stag,e begins when tail exceeds one half the body length and ends 
with the larva hatching from egg. 

Thus classified eggs were counted and the number of dead eggs in the 
'Sample was separately recorded. The eggs with o,paque yolk with clestroyed 
vesđ.des, pairtly oir fuUy spJ.ilt i111 the perdviitelline space were tailrnn as dead 
,eggs. If these eggs reached the stage in which the embryo was developed it 
was frequently destroyed or in an unnatural position. 

The alive and dead anchovy eggs and undamaged larvae and postlarvae 
were measured under a binocular microscope at a 10 X 4 enlargement by 
means of an ooular-micrometer with 0.0375 mm precision. Longer and shorter 
diameters were taken in eggs. Standard length (LS) from the top of snout 
to tail fin base was measured in larvae and postlarvae, since their tails were 
frequently damaged. Measured larvae and postlarvae were thereafter sorted 
into length grnups on the basis of the data on growth experimentally 
obt,ained. 

Quantity of anchovy eggs, larvae and postlarvae was expressed as a 
number of individuals below a square metre of the sea surface. The following 
•equatio111 given by Tanak a (1973) was used for this calculation: 

X 
Y=------

D 
A --- F 

(3.1) 

d 

where Y is the n-umber of specimens under a square metre, X the number 
of specimens in the plankton sample, A area of net aperture, D length of a 
path or water column over which the net was towed, d maximum reached 
.depth and F filtration efficiency. 
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As already mentioned the area of aperture of »Helgoland« plankton net 
is 1.6 m 2. Since there were always performed two hauls the net aperture 
shouJd be multiplied by 2 to obtain the A value. Accordingly A is 3.2 here. 
S,ince plankton catches were always realized by vertical hauls ;bhe D/d ratio 
is ~ 1 and therefore negligible. Filtration efficiency (F) was not separately 
calculated for »Helgoland« net ty,pe. Since the aim of this study was ito obtain 
the intercompara:ble data on the q,uantity of anchovy planktonc stages dn the 
s,tudy area and no,t the absolute data, the F values was taken to be appi'o
ximately 1. Accordingly, the number of specimens under a square metre was 
calculated thus that: 

X 
Y=--

3.2 
(3.2) 

As it has already been mentioned in the chapter 1.1, results expressed 
in this way, particularly those concerning anchovy eggs, are not intercompa
rable. Namely, egg quantity in the plankton is, to a large extent, dP.pendent 
on the presence of a larger or smaller number of embryonic stages, 
which, further, depends on the embryonic developmental time, 1. e. on 
the temperatur.e of the environment. To make the data on catches ,realized 
at different temperatures intercomparabJe a fur,ther correction should be made 
by means of the equation which after T a n a ka (1973) is as follows: 

X 
Y'=-- - (3.3) 

D·K 

where Y' is the number of eggs spawned below a square metre per day, 
Y number of eggs below a square metre from the equation (3.2), D time of 
embryonic develo,pment at def.ined temperatur.e e~pressed in days and K 
mor:tality correction. Thus calculated Y' value gives the spawning intensity, 
i-e. the number of plank.tonic eggs »produced« by females per unit area per 
day. Therefore, her,einafter this value will be caUed egg production. 

In order to obtain the necessary data for the correction of anchovy egg 
quantity with respect to sea temperature and montali,ty, as well as for the 
calculation of larva! and postlarval mortality several experiments were run in 
1976 and 1977. 

Time of egg development as influenced by temperature was studied on 
three occasions, on 6 Se.ptember 1976 at mean temperatures of 15.38 and 
20.04°C, on 29 June 1977 at temperature of 17.90, 19.50, 21.00 and 24.10°C, 
and on 23 July 1977 at temperature of 17.14, 18.73, 22.05 and 23.88°C. The 
experiments could not be run at more than four temperatures at a time and 
we were forced to cany them out i:n a succession. Larval and pos.tlarval 
growth was studied during these experiments whenever the quantity permitted. 
For this purpose three separate experiments were carried out, started on 24 
August, 8 September and 16 September 1977. Thus the larval growth was 
studied at ten mean temperatures of 16.7, 17.77, 18.7, 19.02, 19.6, 21.1, 21.3, 
21.88, 21.98 and 24.05°C and ,postlarval grow:th at three temperatures of 19.02, 
21.3 and 24.05°C. 

Material for the studies of anchovy egg development speed was obtained 
by artificial fertilizafaon of mature eggs. To obtain matur,e individuals for 
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artificial fertili~ation adult anchovy were caught by pelagic trawl in the 
Kaštela Bay and Šolta Channel in the close vicinity of the Institute of the 
Oceanography and Fish&ies. Thus the fertilised eggs could be placed in the 
incubation faciHty soon after ·fertilization. Pelagic trawl was towed by motor 
vessel BIOS for 40-50 minutes at a s.peed of 3.7 knorts at depth between 
20 and 40 m. Fishing was always carried out during evening hours since 
i,t was known that anchovy spawn at this period of ithe day (V u č e ti ć, 

1957; Var a g no 1 o, 1964a). Alive and undamaged anchovy individuals 
were put in a container with the sea water and the males and females with 
the gonads in the VI maturity stage separated (S ino v č i ć, 1978), that is 
immediiately prior to spawning. The· method of »-dry fer-tilization« was applied. 
Eggs with sperm were left for 10-15 m.inutes out of water and thereupon 
the previously filtered sea water with streptomycin sulphate in 30 mg/1 
concentration was graduaUy added. The time at which the wSJter was added 
was taken to be the time of fertilization. Thus the fertilization was carried 
out at 22.35h on 6 September 1976, at 21.20h on 29 June 1977 and at 22.45h 
on 23 JuJy 1977. Since the fertilization was oarried out on board it was not 
poss~ble to madntain the constant water temperature. Lt was recorded that at 
the time of fertilization temperatures were 20.5°C, 24.00°C and 24.50°C. Not 
later than 30-40 minutes after fertilization eggs were brought into the labo~ 
ratory. A part of 1ihe material was placed in the thermostatic chamber (constant 
temperature laboratory room) and a part was kept at the temperature of the 
laboratory to study the fertilization efficiency. 

Eggs for the experiments initiated on 24 August, 8 September and 16 
Septem:ber 1977 which were intended exclusively for the study of the chara
cteris,tics of lar-val and postlarval growth, were collected from the Kaštela 
Bay plankton by a cylindric-conic, silk Nr. 3, 0.333 mm mesh size plankton 
net of 196 crn length and 57 :em aperture diameter. Net was hauled twi-ce 
for 10-15 minutes at a speed of 1 knot. Undamaged eggs of mosrt frequently 
the IV embryonic development stage were extracted and incubated at 
21-22°C temperature. A 11Jumber of eggs were placed in the thermostatic 
chamber immediately before hatching. 

Eggs, larvae and postlarvae were kept in the thermostatic chamber of 
4 X 3 X 2.2 m dimensions fitted a faciliity for maintenance of constant air tem
perature of the 0-25°C range with the ± 1 °C precision. Parax bottles of 1.5 1 
capacity were used as incubatton jars in the experiments started on 6 Septem
ber 1976 and 29 June 1977, and rectangular glass tanks of 27 X 19 X 9 cm 
dimensions for the rest of the experiments. Bottles were filled to 1.5 1 with 
filtered sea water and tanks to 5 1. The water was added a 30 mg/1 strepto
mycin sulphate concentration to prevent bacterial reproduction. Both the 
bottles and tank.s were immersed dn 22.5 1 plastic iblack tank:s with the fresh 
w,ater. The temperatur.e of each time on of these incubators was always kept 
at a constaint temperature of the thermostatic chamber while other incubators 
were heated by a 1000 W heater connected through a contact thermometers 
immersed in the f.resh wa,ter. This allowe d the rearing tank to be maintained 
at the temperature higher than that of the thermostatic chamber. During the 
experiments rthermometers for temperaltuire controI were aontinuously immersed 
iin the sea wa,ter. The sea water was conbnuously aerated by mean:s of an air 
piipe vith about 1 m 3/min flow. 
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Each thermostaHc facility was illuminated wiith two 100 W bulbs. All the 
bulbs were .conneoted through an authomatic switch which maintained a 15 h 
light- 11 h dark regime. 

The sea water level in the vessels was noted and distilled water was 
added every 24 hours to prev-ent the salinity increase due to evaporation. 
During egg mcubation water was not replaced. However, during larval and post
larval incubation it was replaced every 3-4 days. Due .to the small quantity 
of water, observations of salinity were made only occasionally. It was esta:bli
shed that salinity varied within relatively narrow limi.ts (36.75 - 38.78%0). 

Temperature was measured to the nearest 0.1 °C every 2-7 hours in egg 
experiments, every 10-12 hours in larval experiments and once a day in 
postlarvae ones. The highest temperature deviations from mean va1ues vaci.ed 
from -1.18 to +1.32°C in the experiment of 23 July 1977 at mean tempE.rature 
of 23.88°C, and the lowest ones of -0.2 to + 0.1 °C in the experiment of 29 
June 1977 at mean temperature of 24.1 °C. 

During experiments 10 to 15 eggs were taken every 2-7 hours and 
o:bserved by binooular microscope at 4 X 10 enlargement for emhryonic stage 
control and thereupon -the eggs were placed back into the incubator. Larvae 
and younger pos,tlarvae were measured every 10-12 hours and older post
larvae every other day. Like in the material collected from the plankton, their 
standard lenght (LS) was taken under 4 X 10 enlargement with the precision 
of 0.0375 mm. Both larvae and postlarvae were measured alive in the small 
quantity of water and upon measurement they were preserved -in 20/o neutrali
sed formol diluted in the sea water. Two months later they were remeasured 
to establish to whart exttenrt had the preser•ved specimens. sihran:k. DependenrtJ.y 
on the available quantity the measured samples contained from 1-16 speci
mens. An approximate time of occurrence of morphological changes such as 
the mouth opening, eye pigmentation and yolk sac resorption was also observed 
in larvae. 

In some of the experiments initiated on 23 July, 24 August and 16 Sep
tember 1977, dead eggs, larvae and postlarvae were collected and counted to 
make an approx·imate estimation of mortality during experiments. 

Postlarvae were fed with »wild plankton« which mainly contained nauplii 
and copepodites. In the experiment of 23 JuJy 1977 plankton was supplied by 
a pump with the flow rate of 20 1/min. The sea water pumped passed through 
a plankton siJ.k sieves of 0.516, 0.333, 0.250, 0.060 and 0.010 mm diameter. 
Plankton which did not passed through a 0.010 mm sieve was given as a food 
to postlarvae. Since this way of providing food proved to take too much time 
and did not give sufficient food quantity, for the 24 August and 16 September 
1977 experiments food was collected by plankton nets of 34 cm mouth aperture 
and 104 cm total length. Food for younger postfa.rvae was caught by a net of 
nylon material with 0.037 mm mesh size and for older postlarvae with 0.060 mm 
mesh size net. Nets were hauled in the surface layer two times for 20 minutes. The 
caught plankiton was filtered the same manner as in the case with the pump. 
1 ml of sea water was taken from the filtered material and microscoped. 
Nauplii and copepodites were counted to establish the plankton concentration 
which should be aded to the containers ,to keep the food concentration 
constant. Food was supplied once a day and the nauplii concent-ration was 
taken as a measur of food quantity. In 23 July and 24 August 1977 experi-
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ments the nauplii concentration was maintained at 5 individuals per ml of 
water in the tanks and iin 8 September and 16 September 1977 experiments 
ait 10 individuals per ml of water. 

Results obtained by working out both the in situ collected material as 
well as that of the experiments, were further analysed by mathematical and 
statistical methods. 

4. RESULTS AND DISCUSSIONS 

4.1. TIME OF EGG DEVELOPMENT, RATES AND CHARACTERISTICS 
OF ANCHOVY LARVAL AND POSTLARVAL GROWTH AS 
INFLUENCED BY TEMPERATURE 

Results 

The principa[ goa'l of the experitt:noots with eggs, Larvae and pos:tila['Vae 
of anchovy was to obtain the data on the time of their development and 
growth rates as affeoted by temperature. However, some other data were 
also ohbained diuring these experiinents such as those on the survival of eggs, 
larvae and postlarvae. 

Data on anchovy egg mortality were obtained only from the experiments 
carried out at 17.14 and 24.10°C temperatures in which at :the beginning the 
number of eggs was 865 and 606 respectively. At 17.14°C temperature 171 
larvae were hatched, i.e. 19.80/o eggs survived. Since the experiment at 24.10°C 
temperature was continued even after hatching, it was nort ,possible to establish 
an accurate number of hatched larvae. After an estimation on the basis of 
oounted dead eggs in the final developmental stage and the first dead larvae 
upon hatching, about 670/o eggs survived. 

The highest egg mortality was found to occur up to the IV-V stages, 
while it was particularly low in the !a.ter stages (Fig. 2). 

Dafa on larval and postlarval mortality were obtained during the experi
ments at 19.02, 21.30, 21.88 and 24.05° temperatures. Oounting of dead indi
vidiuals included not only the ,larvae and postlarvae found on the bottom of 
the basin but also those which were -caught for length measurements. 

Counting of dead individuails showed thart the mortality rate in larvae 
was almost constant up to the yolk sac resorption (Fig. 3). The highest mortality 
up to the yolk sac resorption was recorded a.t lowest temperature (470/o sur
vived) and the lowest mortality at highest temperature when 800/o of larvae 
survived. 

Further, as shown by F•ig. 3, a sudden increase in ,mortality occurred not 
laiter than 1.2 days upon the yolk sac resorption at all the temperatures except 
at the 24.05°0 one. It may be assumed that they starived to death after the 
transition to exclusively active feeding. As soon as larvae attained the length 
of about 3.8 mm, mortality became neghgibly low and was due only to the 
fact that some of them were used for length measurements. The 1owest percen
tage of survived postlarvae before they attained the above mentioned length 
was recorded ait 21.30°C (aborut 60/o) and the hilghest at 21.88°C (aibout 140/o) . 
This relatively small difference in survival percentage shows tha,t the post
larvae were exposed to almost the same morfahty causes in a11 the experi-
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Fig. 2. Survival of anchovy eggs under experimental condi
tions. Stages are given by Roman numerals 
E = time of hatching 
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under experimental conditions 
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ments. Ariy time before anchovy eggs were placed in the jncuba,tion vessels 
they were observed under a binooular microscope. Those observations, carried 
out 30-40 minutes after fertilization, showed that cleavage had already begun 
in almost all the eggs and that either the first two or four blastomeres had 
been formed. This means tha.t eggs were at the beginning of ,the II stage of 
embryonic development. Nevertheless the sea water temperature at fertilization 
was high (20.5, 24.00 and 24.50°C), this is indica,ti,ve of the faot that the first 
embryonic stage, from spawning and fer:ti'lization to the occurrence of ,the first 
two blastomeres takes very little of the time needed for an overall embryonic 
development. 

Resu1ts of the examinatinn of anchovy eggs left at ambiental temperature 
for 2 hours after the fertilization are given in Table 4.1.1. 

Table 4.1.1. Percentage of fertilized anchovy eggs by artificial »dry« method 

Anchovy e g g s 

Date Total II stage I stage O/o 
(fertilized) (unfertilized) Fertilized 

06. 09. 1976. 163 142 21 87.12 
29. 06. 1977. 104 96 8 92.31 
23. 07. 1977. 148 126 22 85.14 

On the basiis of lthe daita from Table 4.1.1. mean percentage of fertiJitzed 
eggs was calculated to be 87.710/o. 

Results obtained on the basis of ithe e~periments wiith anchovy eggs 
inoubated at different temperatures showed that higher the environmental 
temperature the deveJopment of this fish, as well as tha.t of other poi.kilo
therms, was faster. Egg development at the lowest temperature of 15.38°C 
took 86.10 hours (3.59 days) and at the highest temperature of 24.10°C only 
30.63 hours (1.28 days). Mean time between hatching of first and last larva 
was taken as the total developmental time. Developmental time as well as .the 
time of beg.inning of each of the embryonic stages at ali ten temperatures 
is .given in Table 4-1.2. It was established that the ,relation of developmental 
time to temperature was not Hnear. 

Four equaitions were used for the interpretafaon of anchovy egg develop
mental time curve as related to temperature, ,to study which one gives the 
best mathematical approximation. 

- modified thermal suro equation used first by R e i bi s ch (1902) and 
given after A 1 d e r di c e and V e 1 s e n (1978) for the study of fish egg 
development in rela.tion to temperature: 

C 
D=---

T-a 
then: 

D = 10a • lQ-bT (Ah l str om, 1943) 

further the «inversely logist:ic equation« (Davi d s on, 1944) 

(4.1.1), 

(4.1.2), 



·Table 4.1.2. ·beve°Iopmental time ·of eggs as aHected by temperature (parts of the hour are given by decimals; E. p . - the 
beginning of hatching; E. k. - the end of hatching; D - total developmental time) . 

T e m p e r a t u r e 

15.38 17.14 17.90 18.73 19.50 -
Hours Stage Hours Stage Hours Stage Hours Stage Hours Stage 

o I o I o I o I o I 
9.10 II 1.23 II 2.45 II 1.23 II 2.47 II 

13.60 II 11.03 II/III 4.70 II 10.82 II 4.62 II 
18.10 III 13.70 III 8.70 II 13.52 IV 8.77 III 
45.08 V 15.65 III 12.04 III 15.55 IV 11.92 IV 
61.20 VI/VII 22.03 IV 14.25 III 22.00 V 14.17 IV 
69.80 VIII 24.33 IV 22.15 IV 24.28 V/VI 21.71 V 
80.03 X 26.20 IV/V 25.29 V 26.17 VI 25.34 VI 
83.83 E.p. 30.47 V 28.39 V 30.43 VI 28.32 VI 
88.92 E. k. 33.32 V 31.20 VI 33.28 VI 31.24 VII 

34.78 VI 33.40 VI 34.75 VII 33.35 VII 

86.10 D 36.28 VI 36.87 VI 36.25 VII 36.84 VII/VIII 
37.95 VI 39.24 VI/VII 37.92 VII 39.20 VIII 
39.58 VI 41.34 VII 39.57 VII/VIII 41.17 IX 
45.33 VII 43.42 VII 45.28 VIIIiIX 45.17 X E. p . 
45.62 VII 45 .42 VII 47.65 IX/X 46.74 E.k. 
49.87 VII/VIII 47.82 VII 48.42 X E. p. 
55.33 VIII 49.00 • VII 51.58 E.k. 
58 .63 VIII/IX 51.37 VIII 45 .95 D 
61 .57 IX 55.00 X 

50.00 D 64.25 X E.p. 57.00 X E.p. 
67.25 E. k . 59 .34 E. k. 

65.75 D 58.17 i5 
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Table 4.1.2. - continued 

T e m p e r 

20.04 21.00 22.05 

Hours Stage Hours Stage Hours 

o I o I o 
9.01 III 2.62 II 1.23 

13.40 IV 4.50 II 10.70 
41.75 E. p. 8.85 III 13.40 
43.43 E.k. 11.87 IV 15.42 

14.07 IV 21.98 

42.59 D 21.97 VI 26.10 
25.32 VI 30.42 
28.24 VII 33.17 
31.09 VII 34.42 
33.27 VIII 36.25 
36.74 VIII/IX 
38.67 X E.p. 35.34 40.80 E. k. 

39.73 n 

a t u r e 

23.88 

Stage Hours Stage 

I o I 
II 1.23 II 
IV 10.47 IV 
IV/V 13.22 V 
V 15.25 V/VI 
VI 21.90 VII 
VII 24.08 VII 
VII/VIII 26.03 VIII 
VIII/IX 30.25 X E.p. 
X E.p. 32.25 E.k. 

E. k . 

31.25 n 
D 

24.10 

Hours Stage 

o 
2.65 
4.39 
8.99 

11 .65 
13.84 
21.74 
25.09 
28.09 
29.17 
32.09 

30.63 

I 
II 
III 
IV/V 
V 
V/VI 
VII 
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IX 
X E. p. 
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and 
D = C T-b (L a s k e r, 1964) 

25 

(4.1.3), 

(4.1.4). 

In all the eqruations D is developmental time in horurs, T temperatrure in 
°C. In equartJ.ion (4.1.4) C is the oonsta111t, whereas a is theo:retli.icaJ temperaiture 
of development threshold. Values a, b and c in the equations (4.1.2) and (4.1.4) 
are constants. In the equation (4.1.3) C is the asymptote whereas a and b are· 
constants. 

In aH the equations mean constant values were calculated by the linear 
regression method. Furtther, correlation coefficients as well as their significance 
levels were ca:lculated in all the equations comparing the following values : 

r(ebTi; D;) 

r (log Ti; log Di) 

whel'e i is every ith datum. 

(4.1.1), 

(4.1.2), 

4.1.3), 

(4.1.4), 

Calculated correlation coefficients showed high s,tatistical significarnce in 
aill used equaitions (Tabie 4.1.3) . However, as it may be seen from the corre--

Table 4.1.3. Calculated means of constants, correlation coefficients and their signi-• 
ficance levels. Egg developmental time calculated by each separate 
equation for the temperatures of 15.38, 20.04 and 24.10°C. Egg develop
mental time is expressed in hours. * - Developmental time in the 
experiment at defined temperature 

D 

Equation C a b r p 15.38 20.04 24.10 

C 
1. D=-- 460.7 9.495 0.976 0.001 78.28 43.69 31.54 

T-a 

2. D = 10a. 10-bT 2.651439 -0.049463 -0.975 0.001 77.75 45.73 28.80 

1 
3. D =- (1 + ea+bT) 0.042204 4.914322 -0.257451 0.999 0.001 85.25 42.24 30.22 

C 

4. D=CT-b 42922.0767 -2.290236 -0.993 0.001 82.09 44.77 29.35 
86.10* 42.59* 30.63¼ 

lation coefficient values, the (4.1.3) equation gave best approximation, (4.1.4) 
coming next. 
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Even though the best approximation of the anchovy egg developmental 
time was obfained by the application of the »inversely logistic« equation 
(4.1.3), the equation (4.1.4) for the calculation of the developmental time of 
anchovy eggs in the plankton was used owing to its simplicity. 

Therefore all further calculations were oarried out by the equation : 

D = 1788.4199 • T- 2-290236 (4.1.5) 

in which the time of development was expressed in days since C value was 
divided by 24. 

The time needed to reach the end of each of t he embryonic stages was 
a:s well caJculaited by the aippliication of equation (4.1.4). It oouJ.d not, however, 
be calcu1ated for the first stage, since, as it has been already mentioned, it 
took very short time. The b values were found to vary between -2.23942 to 
-2.421353 w:ilth the mean value of -2.33222. This shows that, taking into 
account arn eventual error in determination of the time of the end of one 
stage and rthe beg.inning of the next one at different temperatures and errors 
in mathematical calculations, the curve slopes were the same for all stages 
and they may be given for each of the stages by the b value foom equation 
(4.1.5). Further, C consfant values calculated for each individual sfage were 
divided by the value of the constant for the total developmenta1 time. 

ci 

Ki = --; i = II-X (4.1.6), 
Cllk 

and thus K ~oefficients of the relation between the time of reaching the end 
-of any of the embryonic developmental stages (i) and the time needed for 
the complete development (C„1J were obta'i:ned. In this way ·the age of any 
temperature may be cakulated by multiplying the C values from equation 
(4 .1.5) with K coefficient from Table 4.1.4. 

Table 4.1.4. C constant correction coefficients for individual development stages 

Stage II III IV V VI VII VIII IX X 

0.162 0.245 0.395 0.476 0.669 0.778 0.890 0.053 1 

Percentages of the time of each individual stage, excepit the first one, 
were also calculated in re:lation to the total deve1opmental time by means of 
the following expression: 

P = ------ · 100, 
Duk 

where P is the time of each dndiv,idual stage in percentages, Dst; the end of 
each individual 1stage, Dst;- 1 the end of the preceding stage aJ1d Duk total 
develapmentail. time. The rffiiults obta:i.ned aire given in Table 4.1.5. 
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Table 4.1.5. The time taken by each individua! stage expressed as the percentage 
of the time needed for total development 

Stage II III IV V VI VII VIII IX X 

p 16.30 7.95 15.06 8.37 19.25 11.73 10.46 6.28 4.60 

After the results obtained, the II, IV and VI stages took most of the time 
while the X stage takes the least. 

Fig. 4 gives the total time of egg deve1opmenit at studied temperatures 
and ma,thematically calculated curves for both the total development and that 
of ,the each individua! stage. 

Together with the measurements of larval and postlarva'1 lengths, the data 
on an a:pproximate time ,of occurrence of morphological changes in larvae, 
such as the beginning of mouth opening formation and eye pigmentation were 
also obtained during experiments as weH as an approximate time of ,the 
complete yolk. sac resorption, i.e. of the transformation to posrtJarvae (Table 
4.1.6). Mouth opening formation and eye pigmenta,Hon were found to occur 
simultaneously. 

Dt (hours) 

IJO 

120 

110 

100 

90 

80 

70 

50 

JO 

20 

10 

/3 1' ,s 16 17 18 19 20 2 1 22 23 24 25 26 27 roc 

Fig. 4. Developmental time of anchovy eggs as influen
ced by temperature 
Roman numerals mark the end of each indi
vidua! stage 

Results of length measurements showed thart; ithe length i,norement in 
larvae, fmm hatching to transformation to postlarvae averaged 1.08 mm 
(Table 4.1. 7). 
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Table 4.1.6. Results of length (LS) measurements of anchovy larvae and postlarvae 
studying their growth at different temperatures (t = time in days, parts 
of the day expressed in decimals; N = number of measured individuals; 
1 = mean length; O = mouth opening and eye pigmentation; R = yolk sac 
resorption) 

Temperature 

16.70 16.77 

t N Range 1 t N Range I 
o 6 2.36-2.70 2.51 o 5 2.36-2.55 2.44 
1.10 3 3.11-3.49 3.28 0.52 5 2.89-3.23 3.10 
2.30 3 3.19-3.73 3.51 2.00 3 3.26-3.71 3.43 
3.10 3 3.41-3.45 3.450 3.16 3 3.38-3.49 3,460 
4.10 3 3.45-3.64 3.51 4.29 3 3.34-3.53 3.43 

4.96 3 3.53-3.75 3.61r 
7.00 3 3.53-3.75 3.66 

18.70 19.02 

o 11 2.18-2.43 2.35 o 5 2.36-2.55 2.44 
0.45 13 3.00-3.45 3.18 0.05 5 3.15-3.34 3.23 
1.40 12 3.38-3.93 3.58 0.99 3 3.21-3.28 3.33 
2.48 9 3.38-3.68 3.510 1.96 3 3.41-3.56 3.50° 
3.45 10 3.38-3.75 3.50 3.13 3 3.34-3.53 3.47 

4.30 3 3.45-3.60 3.55r 
4.96 3 3.26-3.79 3.54 
7.00 3 3.71-3.90 3,80 
9.42 2 4.76-5.55 5.16 

19.60 21.10 

o 3 2.47-2.63 2.54 o 2 2.51-2.55 2.53 
0.57 1 3.23 0.82 1 3.30 
0.77 2 3.23-3.56 3.40 1.50 1 3.600 
1.70 1 3.530 2.00 1 3.64 
3.60 1 3.6or 
2.50 1 3.60 

21.30 21.88 

o 7 2.39-2.68 2.52 o 5 2.36-2.55 2.44 
0.29 3 3.08-3.15 3.10 0.51 4 3.19-3.34 3.25 
0.94 3 3.30-3.56 3.47 0.99 4 3.38-3.56 3.460 
1.38 4 3.41-3.60 3.560 1.97 3 3.38-3.56 3.46 
1.79 3 3.23-3.41 3.29 2.13 3 3.41-3.53 3.45r 
2.29 3 3.38-3.41 3.40r 3.29 3 3.19-3.49 3.34 
4.79 3 3.45-3.64 3.55 5.96 4 3.46-4.31 3.82 
6.79 1 4.61 
8.96 2 6.19-6.98 6.59 

10.89 1 7.80 
12.95 1 7.80 
12.95 1 10.31 
14.92 1 11.33 
17.01 2 10.91-15.11 13.01 
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Table 4.1.6. - continued 

Temperature 

21.98 24.05 

t N Range 1 t N Range 1 

o 16 2.25-2.59 2.45 o 10 2.32-2.56 2.47 
0.48 12 3.03-3.49 3.27 0.28 10 3.09-3.35 3.16 
0.95 1 3.60 0.67 7 3.32-3.56 3.450 
1.07 9 3.23-3.90 3.580 1.23 7 3.15-3.55 3.49 
2.04 9 3.34-3.86 3.65r 1.42 9 3.34- 3.64 3_47r 

2.22 9 3.38-3.60 3.51 
3.27 10 3.38-3.83 3.62 
4.21 10 3.19-3.45 3.35 
5.23 9 3.01-3.56 3.28 
8.10 5 3.98-5.10 4.63 

10.17 3 4.90-6.75 5.95 
14.10 4 8.70-12.45 9.96 

Table 4.1.7. Length of anchovy larvae (in mm) at hatching, mouth opening and eye 
pigmentation and transformation to postlarvae (complete yolk sac re
sorption) 

N Range X S.D. 

Hatched larvae 60 2.18-2.70 2.46 ± 0.110 
Mouth opening, eye pigmentation 45 3.23-3.90 3.50 ± 0.143 
Yolk sac resorption 30 3.34-3.86 3.54 ± 0.139 

The experiments also showed that mouth formation and yolk sac resorption 
occur earlier at higher temperature-s than at the fower ones (Table 4.1.6). 
Mathematical analysis of the relation between the time between hatching and 
the beginning of these changes and temperature showed that Jt, as well as in 
eggs, may be given by the equation (4.1.4). [t was found that the time of 
mouth opening and eye pigmentation may :be calculated by the equation 

D = 412428.585 • T-4-1562 

:and the time of the complete yolk sac resorption by the equation 

D = 270065.2774 · T-3.uow 

where D is time expressed in days and T temperature in °C. 

Calculated curves are given in Fig. 5. 

(4.1.7), 

(4.1.8), 

Coefficients of correlation between the rtime and temperature were calcu
lated, like for eggs. They were found ,to be -0.979 and -0.977 respectively 
.and after t-test, significant for the high significance level of P < 0.001. 
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o OPENING OF THE MOUTH 

• YOLK SACK RESORPT/ON 

15 17 1a 19 20 21 22 23 " 2s r•c 

Fig. 5. Developmental time of anchovy 
larvae as influenced by tempe
rature 

Results of larval length measurements showed their very fast grnwth at 
the beginning, which slowed down considerably after mouth opening formation 
and eye pigmentation. Thereafter by the end of rthe yolk sac resorption larval 
growth was very slow. Even a decrease in larval inean length was recorded 
in this phase (Fig. 6). 

To describe anchovy larval growth up to the yolk sac resorption the 
following equa tions were used: 

lt = K log t (Far r i s, 1960) (4.1.9), 

and 

lt = A - Be-ct (von B e rt a 1 a n f f y, 1938) (4.1.10), 

where lt from equations (4.1.9) and (4.1.10) are larval lengths in time t, and 
t li.s time in days. The A value in equation (4.1.10) is asymptote, while K 
(4.1.9), B and c (4.1.10) are constants. 

Values K, A, B and c were separately calculated for each individual 
temperature. To compare the statistical significance of these two equations ,. 
the correlation coefficients were calcula,ted for the pairs : 

in the equation (4.1.9) and 
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Fig. 6. Anchovy larvae growth curves 
U = Mouth openning 
R = Yolk sac resorption 
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r (ti; ln A-ltJ in the equation 
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(4.1.10) 

The results obtained for each individua! temperature at which the expe
riments were carr,ied aut are given in Table 4.1.8. 

Mean correlation coefficient value was found to be r = 0.883 far the 
equation (4.1.9) and r = -0.900 for ,the equation (4.1.10). However, the equation. 
(4.1.10) was statistica[ly significant at a considerably higher number of tem-• 
peratures (Table 4.1.8). Accordingly, the iniercomparison of the equations· 
(4.1.9) and (4.1.10) showed the latter to be better for the description of the 
growth of larvae. Therefore, the equa,tion (4.1.10) was used for fuirther 
calculaitions. 

Table 4.1.8. shows that the mean va1ue A= 3.56 and B = 1.09. 
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"Table 4.1.8. Values of constants, correlation coefficients and significance levels of the 
equations (4.1.9.) and 4.1.10.) . * statistically insignificant 

T°C lt = K log t (Far ris, 1960) lt = A-B e-ct (von B e r t a 1 a n f f Y, 1938) 
K r p A B C r p 

16.70 0.3878 0.786 * 3.58 1.07 -1.1264 -0.893 0.05 
16.77 0.4475 0.944 0.02 3.45 1.01 -1.6778 -0.798 * 

18.70 0.3776 0.817 * 3.53 1.18 -2.1103 -0.941 0.1 
19.02 0.3347 0.957 0.02 3.48 1.04 -2.3289 --0.967 0.05 
19.60 0.4443 0.948 0.02 3.54 1.00 ·-2.2723 -0.998 0.05 
'21.00 0.9123 0.980 * 3.66 1.13 -2.8954 -0.999 0.02 
'21.30 0.3238 0.643 * 3.56 1.04 -2.6964 -0.683 * 

21.88 0.3113 0.856 * 3.56 1.12 -2.2537 - 0.861 0.1 
21.98 0.5878 0.879 * 3.71 1.26 -2.4063 -0.931 0.05 
24.05 0.4549 0.930 0.1 3.52 1.05 -4.1572 --0.926 0.05 

r 0.883 -0.900 

Calcula·ted mean value of asymptote A is very close to the mean length 
of larvae at the complete yolk sac resorption (Table 4.1.7). As seen in Fig. 6 
larval growth curves ca>lculated by the equaition (4.1.10) showed very good 
agreement with the experimentaly obtained data on the grow.th of larvae. 

C 

4,0 

3,5 

J,O 

.2,5 

2,0 

1,5 

1.0 
o 

17 18 19 20 21 22 23 24 25 26 roc 

Fig. 7. Relation between the anchovy larvae growth 
rate coefficient · (c) as influenced by temperature 

It was further observed that the growth of •larvae was faste:r at higher 
tempera,ture i.e. that slope coefficieruts (c) of the growth •curve increased with 
temperature (Fig. 7) . By linear reg,ression the relation between the c coeffioient 
and temperature may be calculated by the equation : 
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c = -2.9767 + 0.26433 T 
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(4.1.11), 

where T is temperature in °C. Correlation coefficien,t of c value and tempe
rature was calculated to be r = O. 768 and, after t-test, it is significan,t for the 
significance level P < 0.01 what is ri.ndicative of the good statistical correlation 
of these two parameters. This renders possible the calculation of larval 
growth rate at any temperature by the following eqruation: 

lt = 3.56 - 1.09 e-ct (4.1.12), 

where exponent c may be calculated for given ,temperature from the equation 
(4.1.11). 

An apprmcimate age of larvae may also be calculated by the following 
• equation, particularly of those up to the mouth formation and eye pigmenta

tion, if their length and the temperature of the envri.ronment are known, 

1 1.09 
t=-ln---

c 3.56-lt 

wihere time is expressed in days. 

(4.1.13), 

The aim of the experiments with postlarvae was to rear them until they 
attain about 10 mm in length, since it was the greatest length of postlarvae 
caught by plankton net during field investigations. However, this was achieved 
om.ly in the experiments carried out at temperatures of 21.30 a:nd 24.05°C. In 
addition to these temperatures the da,ta on the grow,th of postlarvae could also 
be obtari.ned at temperature of 19.02°C (Table 4.1.6). 

After the results obtained (Table 4.1.6), at rthe begiinning the postlarvae 
grew slowly and later faster and faster. The best growth was observed at 
21.30°C t emperature. This may be accmmted for by the faot that in this 
experiment the concentration of plankters was kept at 10 individuals per 
mililitre of water whhle lin the other exper.iments rthis concent<ration was 5 
ind/mi1l. 

It was found that the gr,owth of postlarvae may be gri.ven by rthe equation: 

lt = aect (A hl s t r o m, 1954) (4.1.14), 

where lt is Iength in time t, and a and c are <the constants. Constants for this 
equation were, like for the other ones, calculated by the Hnear regression from 
its linearized form. Correlation coefficients for the pairs r (ti ; ln lt;) were 
calculated for each indiv:idual temperature. Since this growth equation is 
a!pplicable t o the growth of postlarvae beyond the yolk sac resorption (Fig. 8) 
the value t 0 may be calculated from the equation (4.1.8). On the basis of the 
equations (4.1.14) and (4.1.8), the following characteristics of the growth of 
postlarvae were obtained : 

lt (19.02) = 3.39 e0.073021 t 
It (21.30) = 3.13 eo.101963 t 
It (24.05) = 3.20 eo.01931 t 

(r = 0.941; P < 0.05) 
(r = 0.978; P < 0.001) 
(r = 0.967; P < 0.01) 
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Values of correlation coefficients and t-test show that the equa.tion applied 
is, for all three temperatures, significant fo.r the high significance levels. 
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Fig. 8. Anchovy postlarvae growth cur
ves 

Distribution of exponent c values shows the growth of postlarvae to be 
sfowest at the lowest temperature, and slightly faster at 24.05°C temperature. 
Faster growth at 21.30°C than at 24.05°C may be, as already mentioned, 
accounted for by the hi;gher food concenrtration in the former experiment. 
Nevertheless, distribution of c values indicates that at the same food concen
tra,t-ions pos,tlarvae grew so.mewhat faster if a temperature was higher. The
refore, the relation of coefficient c to temperature was calcu1ated. It was 
obtained that: 

c = -0.018522 + 0.004813 • T (4.1.15), 

but that the rela,tion o.btained is not statistically significant. 

It was ca:lcula,ted thart; rthe mean value of the constant ii = 3.24. It should, 
in fact, represent the mean leng,th ,of ,pos.tla,rvae at which rthey assume the 
growth charaoteristics which may be approximated by the equation (4.1.14). 
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Since this growrth type is shown by postlarvae of 3.54 mm mean leng,th (Table 
4.1.7) beyond the yolk sac resorption, the calculated a value is oonsiderably 
lower than the actual one. Thi1s :is probably due to the decr,ease in the mean 
length of postlarvae upon the transition to active feeding (Table 4.1.6) since 
the data on all the length measurements were used in the calculation of the 
constants of equation (1. 1.14). Therefore the growth of postlarvae may be 
given by the equation. 

(4.1.16), 

where 3.54 is the mean length of larvae at the time of transition to postlarvae, 
whereas coefficient c may be calculated for the any temperature from equation 
(4.1.15). An approximate age of a postlarva may be calculated on the basis 
of this eq_uation .if its length and environmental temperature are known: 

1 lt 
t=-ln--- (4.1.17), 

c 3.54 

where, to obtain the age of postlarva from hatching, the time between 
hatching and complete yolk sac resor,ption calculated from rthe equation 
(4.1.8) should be added to the required time. 

The age of living larvae and postlarvae may be calculated by the 
eq,uations (4.1.13) and (4.1.17) . To calculate an approximate age of larvae 
and postlarvae caught from the plankton and preserved in 20/o formol solution, 
the shrinkage of preserved larvae and postlarvae had to be examined. This 
was đone thus that all ,the larvae and postlarvae ,reared e:x,perimentally were 
remeasured two months upon . being preserved in formol. It was found that 
the mean length ,of alive specimens was 4.10 mm and that of the preserved 
ones 3.65 mm. Accordingly, an average shr-inkage of 10.90/o took place in 
formol. 

Lt was oaloulated by the linear regression that ,the ,relation between the 
length of alive specimens and that of the preserved ones may be given by 
the equation: 

lk = -0.10842 + 0-9743 • lz (4.1.18), 

where Zk is the length of preserved larvae or postlarvae and Zz the Iength of 
alive larvae or postlarvae in milimeters. Correlation coefficent was calculated 
to be 0.993 and P < 0.001. On the basis of this equation, the mean length of 
the preserved newly hatched larvae would be 2.29 mm and mean length 
of larvae in which the mouth formation and eye pigmentation have begun 
would be 3.30 mm. Mean length of l,arvae with the completely resorbed yolk 
sac would be 3.34 mm. 

On the basis of these data an approximate age of preserved larvae may 
be oalculated by the equa,tion: 

1.09 1 
t=-ln-----

c 3.36-lt 
(4.1.19), 
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and that of postlarvae 

1 lt 
t = -ln---

c 3.34 
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(4.1.20), 

!Where A value :firom the equation (4.1-13) and a value from the equation 
(4.1.17) were Tecalculated for the preserved individuals on the basis of the 
equation (4.1.18). 

DISCUSSION 

Two periods of increased mortality were observed in the course of expe
rnme!llts, in eggs in the period from haitching to the end of the fifth stage of 
embryonic development, and in postlarvae upon the yolk sac resor.ption and 
transition lto exclusively active feeding. 

Since the predators are excluded under experimental conditions, the 
eff.ects of pathogenic microorganisms and damages due to the hiltting of eggs 
against jar's wahls whHe they are carried by water current caused by air 
supply, are the most probable causes of egg moritality. The effects of micro
o,rganisms seem likely to be excluded since the antibiotic appHed proved 
very successful. Namely, the microbiological water conitrol carried out on 
two occasions did not show any bacterial rpresence (K r s t u 1 o v i ć, personal 
communica,tion). In addiition, even the concentra,tions of strerptomyciJn sulphate 
lower than our proved very efficent (S h e ~ b o ;urne, 1963; F o r r e ste r 
and A l d e r di c e, 1973). Therefore, it may be concluded that mechanical 
shocks wer.e probably the main cause of egg moritality. According to the 
obtained results <Lt appears that anchovy eggs are nort equally susceptible to 
mechanical shooks throughout their development. Namely, the end of the 
period of iinoreased mortahty (Fig 3) coincides with rthe end of the fifth 
embryonic stage, when the yolk is completely overgrown by blastodisc i. e. 
when blastopore is closed. Similar was recorded for pacific halibut Hipoglosus 
stenolepis (F o .r e ste r and A 1 d e r di c e, 1973). These authors found that 
eggs were par.ticularly susceptible to mechanical damages in the eaTly stage 
of blastoderm cap and 1mmediately prior to the closing of blastopore. After 
their findings, eggs with narrow perivitelline space were particularly suscep-
1;,i,ble to mecharuca,l shocks. Anchovy eggs. cou1I1Jt among these egg types. 

Silllce a,ll the egg mcsba:tion jairs were of the same s•hape a,nd capacity 
aind aerated by the pum[Ps 10f came carpacitty, which caused approximarteiy 
the &ame water turbulence, it may be assumed that eggs incubated at tempe
ratures of 17.14°C and 24.10°C were exposed to the shocks of approximately 
the same intenstty. Therefore, the difference in percentage of survival (19.80/o 
and 670/o survived eggs respeotively) may be accounted for by the longer 
e}qposure -of eggs during more sensitive stages at lower temperatures at 
wh1ch the development lasts longer. 

It should be mentioned that an increased number of dead anchovy eggs 
in early stages was observed in their natura! environment, as well (Pa v-
1 o v s ka y a, 1955; D eh ni k, 1963; R e g ne r, 1972). Nevertheless the expe-
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rimental conditions cannot be compared wtth those in nature, it seems that 
mechanical shocks play a certain ,ro1e in nature, as well. Namely, Pa v 1 o v
s ka y a (1955) found an increased percentage of dead eggs of anchovy in 
the Black Sea when waves exceeded 3 degrees of Beal\lfort scale. 

Mortahty ra<te of larvae was rather stable (Fig. 3) in all the experiments 
in which the mortality was observed. Mor'tality increased suddenly after the 
yolk sac resollption. While lthe mortality of larvae, like that of eggs, may in 
the first place, be explained :i.n terms of mechanical shocks the :iincreased 
moirtality of postlarvae immediately upon the yolk sac resorption is due to 
their starvation after transition to aotive feeding. It seems that the plankton 
nelt of 0.037 mm mesh size could not provide sufficient food quant:Lty for 
y,orunge,r postlarvae, and therefore the net which more dense s.ilk should be 
used for further experi.Jments. Pump collecting of food seems to have proved 
more suitable, since tt was observed that at 24.05°C temperature experi.Jment 
in which ithis method was applied the mo.ritality increase occurred two days 
and a half a:fiter the yo,lk sac res·orption, i. e. it somewhat »lagged« (Fig. 3). 
On the other hand it seems that the ,rest of postlarvae had sufficient food 
ca1ught with tthe 0.060 mm mesh size net. Namely, as shown by the experi
ments, when ,postlarvae exceeded a length of about 3.8 mm, there was practi
cailly no dying at all. Otherwise, the occurirence of high mortality 'llpon the 
transformati.on of larvae to postlarvae was recorded in a rnther large number 
of larval fishes ,a,r,tificially reared such as northern anchovy (L a s k e r et al., 
1970; O' C on ne 1 and R a y mo n d, 1970), mullet (K u o and S h eh ade h, 
1972) plaice (Spe c t -o rov a et al., 1974), sea bass and sea bream (Bar na
be, 1976; V i 11 ani, 1976). This mortality is most frequently attributed to 
the insufficient quantity of food. 

The analysis of the obtained curve of anchovy egg development time as 
inf1uenced by temperature showed that i.t could be well approxtmated by 
the equations (4.1.3) and (4.1.4). However, ·i1t should be pointed out that difforent 
authors successfully approximated the egg development by different equations. 
Thus for example, B 1 a x ter (1956) .and R y 1 a n d et al., (1975) gave the 
herring (Clupea harengus L.) and plaice (Pleuronectes platessa L.) egg develop
men,t by the therma,l srum~ equaitiioru; (4.1.1). A :1 d e r di c e and V e 1 se n 
(1978) approximated the development of salmon (Oncorhynchus tshavitscha) 
eggs by the B e 1 eh r a d e k' s modifictaion of thermal sun equation. The 
equation (4.1.4) was succesfully applied by L a s k e r (1964) to show the egg 
development and the time upon which the mouth opening and eye p.igmen
taition took place in pacific sardine (Sardinops caerulea). This may, at first 
sight, lead us to conclrude that the shapes of curves of egg developmental 
time as influenced by :temperature vary from one species to another. !rt seems, 
however, that a part of the ourve which lies within the wider limits of 
optimum temperature valence for any of the fish species may be rather well 
approximated by any of the equations used for .this purpose. Rather consi
derable deviaitions in the application of different equations occur, after 
A 1 d e r di c e and V e 1 se n (1978) only in the part of curves which lies close 
to pess,imum. 

The comp.aris.on of our ,results with the earlier results of the studies of 
anchovy egg developmental .time in relation to temperature shows that deve-
1opmental time from our expe.riments agrees mainly wi,th the records of 



S. Regner 
Ecology of plankton!c stages of the anchovy 

Acta Adriat., 26 (l): 5-- 11 .• (19J5• 

Kornilova (1955), Nikolskii (1957) and (Vučet1ć) (1957), parti
cularly if the tempemtures that Ni ko 1 s ki i and Kor ni 1 ova reported 
are used as lower temperature limi,ts (Table 4.1.9) . 

Table 4.1.9. The developmental times of anchovy eggs as affected by temperature, 
after different authors 

Regner 

T°C Experiment Equation 
(4.1 .3) (4.1.4) 

15.00 91.58 86.93 
15.38 86 .10 
16.00 76 .17 74.98 
17.00 64.26 65 .26 
17.14 65 .75 
17.90 58.17 
18.00 55.05 57.25 
18.73 50.00 
19.00 47.93 50.59 
20.00 42.43 44.98 
20.04 42.59 
21.00 39.73 38.20 40.22 
22.00 34.90 36.16 
22.05 35.34 
2:3.00 :32.35 32.66 
23 .:38 31.25 
24.00 30.:39 29.63 
24.10 30.63 
25.00 28.87 26.98 
26.00 27.69 24.66 
27.00 26 .79 22.62 

Kor ni-
1 OV a 
(1955) 

(exp. data) 

38-39 

38-39 

Ni ko 1- Vuče- Var a g-
s ld i tić nolo 
(1957) (1957) (1964) 

(in situ) (in situ) (in situ) 

65 

85 

68 

53 

42 
40 

29 32 

29 24 28 

This agreement shows that the resuLts obtained may be applied for the 
calculation of anchovy egg development time all over the area of their distri
bution, and even for their subspecies in the Black Sea. On ,the other hand, 
the results of Var a g no 1 o (1964a) show broad disagreement with ours 
paI'lticularly a,t lower temperatures, where differences reach even 20 hours. 
The da-ta of Ni k o 1 s ki i show also disagreement with ours for lower tempe
ratures. This difference may be easily understood since longer the development 
its duration is more difficult to be established from the mater-ial collected 
in situ. 

The .priocess of mouth opening and eye pigmenta,tfon was found to initiate 
when anchovy larvae attain a mean leng,th of 3.500 mm and the transfor
mation of larvae to postlarvae, that is the com.plete yolk sac resorption at a 
mean length of 3.54 mm (Table 4.1.7). These length agree wi.ith the mean 
length of 3.10 mm and 3.14 mm respectively of the individuals preserved 
in 20/o formol. Obtained data show broad agreement with the experimental 
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da-ta of Kor ni 1 ova (1955) after which the eye pigmentation in the Blaok 
Sea anchovy sfarits at lengths of 3.0-3.4 mm, whereas the yolk is resorbed 
at 3.6-4.0 in length. 

After the results obtained temperature considerably affeots the time 
b-etween ha:tching and mouth opening and eye pigmentation as well as the 
time between hatching and transformation of larvae to postlarvae. This 
dependence on temperature was already recorded by L a s k e r (1964) in the 
pacific sardine larvae. This author approximated this dependence by the 
equation (4.1.4) which proved suitable for anchovy as well. The results agree 
well with the only earlier reports on the time between hatching and mouth 
QPEID!iinig atn:d ithat bertween haitchinig and trarn:sformaitiotn to ,positla.rvae, given 
by Kor ni 1 ova (1955) for the Black Sea anchovy within the 22-24°C 
interval on temperature. This shows that the coefficients of the equations 
(4.1.7) and (4.1.8) may be used for the calculaiUon of mouith o:pening and 
transformation to postlarvae for the whole a,rea of anchovy distritbution. 

Measurements of anchovy larvaJ length from hatching to the transfor
mation to postlarvae showed their fast growth ,up to approximately mouth 
opening and sudden growith decceleration thereupon. 

Graphical representations of the grnwth of different fishes such as 
pacific sardine, Sardinops caernlea (L a s k e r, 1964), herring, Clupea harengus, 
(B 1 a x ter and H e mp e 1, 1963), sardine, Sardina pilchardus, (B 1 a x ter, 
1969), nothern anchovy Engraulis mordax (Krame r and Z w e i f e 1, 1970), 
mullet, Mugil cephalus (K u o and S h eh ade h , 1972) and ,plaice, Pleuro
nectes platessa, (R y-1 a n d, et. al., 1975), show tha-t ,the curves are ve.ry 
similar to the curves we obtained for anchovy in the present study (Fig. 6). 

After B 1 a x ter (1969), Far ris (1959) distinguishes three stages of 
larval length g,rowth: .an early stage of fast growth, stage of s1ow g,r,owth 
before the complete yolk sac resorption and thereupon the stage -of negative 
growth if thare is no sufficient food available. If we exclude the third stage, 
which, as will be shown, Js a pathological phenomenon, the first two stages 
given by Far r i s correspond to the curve of anchovy larvae described by 
the equation (4.1.10). It seems, therefore, that the gr-owth of larvae of different 
fish species may be described by this eq.uaHon. 

This ty:pe of anchovy larval grnwth, and, as it seems according to the 
above mentioned aJUthors, of that of other fish larvae, may perhaps of 
expla1ned in terms of ►►re-orientation« in the utihzation -of the yolk sac 
reserves. Namely, after the records of B 1 a x ter a,nd H e mp e 1 (1966), 
larvae, utili~e the yolk for two fundamental purposes, partly for tissue 
foruning and partly as a source of energy for total metabolism. Three compo
nents of metabolism may be distinguished, gr-owth metabolism, metabolism for 
the maintenance o.f vi.tal functions, amd metabolic processes whkh release ,the 
energy for movement. The interrelations of these three components change 
in the course of the growth of larvae. After B 1 a x t e r and H e m p e 1 the 
efficiency of yolk rutilizaition for the purpose of g.rowth decreases with the 
growth increment, whereas, on the other hand, af,ter R y 1 a n d et al., (1975) 
the yolk sac ,r-esorpti-on rate remains constant throughout the period of :the 
growth of larvae. This may be indicative of the faCit that in the later period 
of their life larvae utiEze the yolk more for o ther processes than for the 
growth. The utilization of the yolk is likely ►►Orien-ted« to anatomic-morpho
logical changes such as the o;pening of mouth and .iilltestine, eye pigmentation 
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and similar as well as to the higher mO'tili,ty of larvae which search for prey 
upon the mouth opening. This »orientation« of the yolk utilization may result 
in the decrease of growth. 

Another possible explanation of this type of growth of anchovy larvae 
is that by the increase in the larval weight metabolic requirements are so 
increased that the efficiency of the yolk utilization for ,the purpose of growth 
decreases and the growth deccelera,tes ( B 1 a x ter and H e mp e 1, 1966). 
This assumpti,on is more probable since it is dn agreement with the statement 
of V on B e rt a 1 a n f f y (1938) that catabolism beg.1ns to increase in relation 
to anabolism with the increase of vo1ume .in relation to the surface, which 
occurs in animals duving growth. This finaUy leads to a stagnation if cata
bolism and anabolism get equal. 

The linear correlation between the growth speed of anchovy Jarvae and 
temperature (Fig. 7; equation 4.1.11) shows that temperature affects growth 
what appa·rently is the result of the acceleration of all the processes in an 
org.a.nism ,at higher tempera·tures. R y 1 a n d et al., (1975) found that the rate 
of the yolk sac utilization by plaice ,(Pleuronectes platessa) 1larvae showed 
linear increase with tempera,ture increase. However, studying the rela,tion 
between the g,row.th rate coefficient of plaice larvae and temperature .these 
aiuthors did not find ,linear correlation since after an increase of grow.th rate 
w.ith temperature it suddenly decreased at temperatures higher than 8°C. 
This, however, may be due to the fact that temperatuires higher than 8°C 
belong to the area of the upper pesimum of temperature valence of plaice. 
This is supported by the records of Joha n se n and K r •o g h (1914) who. 
after R y 1 a n d et al. (1975) found that plaice larvae g,rowth was considerably 
delayed at 12°C, This may be indicative of the faot that linear correlation 
of larval g,rowth and temperature may be expected withing the ra:ther wide 
optimum limits, and that, going towards the upper or lower pessimum, con
siderable deviations, that is growth decceleration, may be expected. 

Length decrease, recorded in our experiments at yolk sac resorption and 
in the youngest postlarvae (Table 4.1.6 and Figs. 6 and 8) is, for sure, the 
res,ult of starvation during transition to adive feeding. Namely, Love (1962) 
fi,nds that due to starvation, larvae :begin to consume their ,own tissues, what 
resu,1ts in degriadation of colagene filaments, muscles growing fe.eble, increase 
in body water content and loss in lengt h . These larvae have already reached 
the s<tate caUed »1the ,pi:xirrl<t wilthout return« a f1ter B i a x t e r an.d H e m p e 1 
(1963). This means that they would d,ie even if the sufficient food were 
provided, since they have got to weak to take food. Even though •the larvae 
are strn alive, this state means their ecological death. Since these larvae swim 
much slower than those which ,reached S1Ufficient food, their pro.portionally 
hiigh presence in sam,ples we used for measurements may be accounted for 
by the fact that i,t was much easier to catch them by p.ipette ,than the well 
fed larvae. Anyway, it seems that these individuals shouJd not b e taken into 
account ·in calculations of g['owth rate. 

Studies ,of the growth of postla,rvae showed rthat their growth was some
what faster at higher temperatures (equation 4.1.15). However, growth of 
postlarvae was faster at 21.30°C temperature than at 24.05°C. This may be 
acoounted for by the fact that food concentration was maintained at appro
ximately 10 111auplii/ml in 21.30°C eXiperianent and at ,only about 5 nauplii/ml 
i111 24.05°C e:x,periment. This means that .postlarvae which had more available 
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food grew fas-ter irrespeotive of the lower temperature. Considerable influence· 
of food on the growth of postlarvae was shown by O' C o n n e 1 and R a y
m on d (1970) for postlarvae of northern anchovy (Engraulis mordax G i r a r d) 
and W y at t (1972) for the plaice (Pleuronectes platessa L.) postJ.arvae. They 
studied postlairva1 growth at the same temperatures and different food con-
centrations and found that they grew faster if the concentration of food'. 
wais hilgher . Concentratfon of food however, seems rto affect the growth of 
postlarvae to a 1imited extent. This was found by O' C o nn e 1 and R a y
m on d who showed that growth of postlarvae was faster up to the con
centra-tion of 8 nauplii/ml- However, no differences wer,e found between the, 
growth ra-tes at concentr.ations of 8 naupli'i/ml ,and that at the concentiration. 
of 14 nauplii/ml. Even though we studied -the postlarval gr,owth at only 
three different ,temperatures, our results seem to agree with the conclusions
of B 1 a x te -r (1969) tha-t temperature and availab1e food quan-tity have the· 
greates-t influence on the growth of postla,rvae. 

Accordmg to the results obtained, growth of .anchovy postlarvae up to 
the length to which they were reared ,in our experiments, may be aproximated 
by the eq,uation (4.1.14) and their ag,e may be estimated by -the equation (4.1.17) 
taking into account the temperature of the environment. However, the time 
ait which postlarvae beg'in -their metamorphosis into the juvenile fish cannot 
be calculated by these equations even though lit ,is known (K o r ni 1 o v a, 
1955; Pa v 1 o v s ka y a, 1955) that the metamorphosis starts when a post
larvae attain a length of about 24-26 mm. lt seems, however, as Krame r · 
and Z w e i f e 1 (1970) found, that approaching the metamor.phosis, growth 
is deccelerated and that the -time calculated by the equation (4.1.17) would 
be shorter than it actuaHy is. Since -the postlarvae we found in the plankton 
did not exceed 10 mm in Length the equation (4.1.17) may satisfactorily g,ive· 
the age es-timation. 

Since the principal aim of the experiments with eggs, larvae and post-
larvae was to come to the data which would render possible an estimati-on . 
of the time of the egg development and ,the age of larvae and postlarvae 
caught by plankton net, the factors which considerably effe.ct the error in 
these estimates should be observed. 

It is well known tha-t, in addition to temperature and food quantity the 
time of egg development and larval and :postlarval growth may, as we11, be· 
affected by salinity and oxygen quantity (B 1 a x ter, 1969; H o 11 ida y, 
1969). Therefore, we shall discuss here each of these factors. According to 
the results ohtained, the effects of temperature on the development speed 
and growth of anchovy larvae seem to be the principal ones. Therefore, it 
may be assumed that tempera-ture -changes within short time interval may· 
have the grea-test ,influence OIIl the errors in these estimates. It is not easy 
to say the extent of this inf1uence since no experiments with va.rying t empe
ratures have been canied out. Since the investigations of A 1 d e r d J c e and 
V e 1 se n (1978) showed that salmon eggs development under natural con
diti-ons at va,rying temperatures was somewhat faster than that under the 
experimental conditions, similar may be applicable to anchovy eggs. 

After some earlier data, anchovy eggs were recorded from the Adriatic 
within 1 l.6°C-25.5°C -temperature range (Za v o d ni k, 1970). This range 
may also cover the occurrence of larvae. After the equations (4.1.5) and (4.1.8) 
the egg deve1opment would last from 6.5 to 0.9 days within that temperature 
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range, and the development of larvae from 23.8 to 0.89 days . Relatively long 
·period of anchovy egg and larval development a-t lower temperatures may, 
owing to the higher lia'.bility of temperature to change in the sea, cause 
rather considerable error in egg and larval age estiimates. However, we held 
that at higher temperature at which both the '1arger number of eggs and 
larvae occur in plankton (R e g ne r, 1972) the probability of error .is lower, 
since wi-thin shor,ter time intervals temperature may be, to a cer,tain extent 
a conservative factor (B u 1 j a n, 1976). 

Salinity is the second factor known to affect the time of fish egg and 
larval dev,elopment by accelerating or deccelerating i-t (H o 11 ida y, 1969)
It seems, however, that this factor's influence is indirect through a reducUon 
in oxygen content (Ki nn e, 1964) after H o 11 ida y (1969). We held, however, 
that ,these two factors could not affeot considerably the anchovy egg and larval 
age estimates in our study area since salini,ty is a factor even more conservative 
than temperature whereas on the other hand, the Adriatic is r.ich in diss-olved 
oxygen (B u 1 ja n and Zore - A r ma n da, 1971). 

F,ood quantity, as well, affects the growth of postlarvae. This is another 
factor which makes the error in estimating their a,ge on the basis of their 
length, more probable than .in larvae. U,n:fovtunately, there is no method 
available to calculate the extent of -this error. Fur-ther, the development of 
postlarvae takes much more time than -the development of larvae. Using the 
equations (4 .1.15) and (4.1.17) it was calculaited that anchovy pos-tlarvae attain 
a 10 mm leng,th by 24 days after hatching .at temperature of 13°C, and by 
11 days at temperature of 24°C ,if the influence of food qruantity is neglected. 
It is qui,te sure tha-t the temperature is 1ikely to change considerably within 
these time intervals. In addition, as distinct frnm eggs and larvae which 
keep close to the surface, postlarvae seem to have nycto-hemeral .migrations 
within the 20 m to surface layer (R e g ne r, 1972). Thus they are exposed 
to the considerable teII1perature changes. On this basis H may be concluded 
that the errors in age estimates of postlarvae are more probable than those 
-of larvae and eggs. 

Further, there ar,e still two factors more which may cause greater errors 
in age estimates of larvae and postlarvae on the basis ,of their length. They 
should be pointed out since it was found that errors due to their effects 
might be either determined ma-themaitically or m:inimized by a special method. 
First of these two factors is a relatively wide range -of lengths of 'larvae and 
po&tlarvae of the same age, and the second ,is the decrease in the initial 
length of larvae from the beginning to -the end of the spawning season. 

4-1.4. Infuence of length range of larvae and postlarvae of the same age 
on age estimates based on length 

B 1 a x t e r (1969a) repor-ts the estima tes of age of fish postlarvae on 
the basis of the experimental data .to be pro:blematic due, among the 
others, to the faot thait a iarg,e number of ex:perimenits s!howed the -dMfereinces 
in length between postla,rvae of the same age to be considerable. For instance, 
as this author reported, after S h e 1 b o urne (1963) had underto<Yk a series of 
experiments with the plaice postilarvae he found 1Jhat ~he length of plaice 
postlarvae of the same age might vary betw,een 7.5 and 37 .5 mm and that 
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the number of small postlarvae was larger m dense experimental populations. 
M a g n u s o n (1962) arrived at similar results, strudy.ing foe influence of food 
on the Oryzias genus postlarvae. According to this author if suffacient food 
wa,s provided there occurred no great differences in length nor its reduction, 
what wou1d mean that competition for f.ood causes an increase in length 
differences. From the grnphical representations o.f the growth of fish post
larvae reared under experimental conditions (L a s k e r et al., 1970; Kra
me r and Z w e i f e 1, 1970 ; Eh r li ch et al., 1976; K u o and S h eh ade h , 
1972) it may be seen that the d:ifference in leng,th is constantly increasing 
with age. This was also recorded both for anchovy larvae and postlarvae 
(Figs. 6 and 8). To examine whether the growth rates of lar,ge and small 
1ar,vae and postlarvae differ among themselves, A, B and c values were cal
culated for the extremely small larvae (lt 111,;,,) and extremely large larvae 
(l 11110 ,,,) for the experiments at all the ,temperatures at which the sufficent 
number of specimens were measured for length range. Growth rate coeff.ici
ents (c) were calculated for the largest and smaUest pos:tlarvae of the same 
age. The results obtained •are given in Table 4.1.10. Mean values were given 
in Table 5.1.7 and in the ,postfarval growth equations. 

Table 4.1.10 A and B values and growth rate coefficients (c) for the largest (lt max) 
and smallest <Zt ,,.;,.) anchovy larvae and postlarvae 

L a r V a e 

A B C 
--------

T°C l min I rnax 1 min 1 rnnx 1 min 1 max 

16.77 • 3.43 3.71 1.07 1.16 ·-1.16944 -1.56949 
19.02 3.34 3.49 1.04 0.94 -2.40266 -2.54253 
21.30 3.37 3.63 0.98 0.95 - 3.66041 -2.3065 
21.88 3.43 3.72 1.07 1.17 - 2.547281 -1.6717 
24.05 3.34 3.60 1.01 0.95 -4.3018 -5.2003 

p o s t I a r V a e 

16.02 0.0683224 0.0795599 
21.30 0.088657 0.111192 
24.05 0.068584 0.09271 

On the basis of the data given in Table 4.1.10 standard error of the 
difference between the mean values of c of lmax and lrnin was calculated both 
:or larvae and postlarvae. It was obtained that : 

Xt - Xz = 0.158214; Sx1 - x2 = 0.855396; t = 0.1849599 

for larvae and: 

XI. - X2 = 0.0192995; SxJ - x2 = 0.0131406; t = 1.46869 

for postlarvae. 
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Since the critical value of t-test for P < 0.1 is 1.86 for larvae and 2.13 
for postlarvae, iit appears that the diff.erences between the growth rate 
ooefficients are not statistically significani. Therefore it may be concluded 
that both the lar,ge and small larval and postlarval specimens have approxima
tely equal growth rate. Thus, according to the equa,tions (4.1.10) and (4.1-14),. 
by whioh anchovy larval and postlarval growths were described, the diffe
rence rin length between the individua1s of the same age is likely to be 
dependent on the length range for the time t = o. This woruld be the length 
range of the newly hatched larvae and the length range of postlarvae at the 
complete yolk sac resoption. This dependence may be given for larvae by 
the equation: 

o 10 o B 
I o lt I = 11 {---=:- +-=-- (1- e-ct)} (4.1.21), 

10 B 

where o lt = lt max - l1 mim o l0 = l0 ,nax - l0 ,,,;,,, o B = Bmax - Bmin, and for 
postlarvae by the eqruation: 

o 10 

J J lt I = lt-=-- (4.1.22). 
10 

However, H appears from the equations (4.1.21) and (4.1.22) that greater 
the differ,ence in length at the begmn.ing of the growth, larva! and postlarval 
length range (o l 1) is greater at any time provided the growth rate coefficients,. 
as shown by t-test cresu1ts, are equal for the extrernely small and extremely 
lairge indiviidruals. This assumption being correct, the error in age estimates. 
o.f larvae and postlarvae on the basis of length by means of the equations. 
(4.1.13) and (4.1.17) may be expr,essed by a relative time error where: 

at 1 oB oB ?JA 
l-l~-<l-l+-1-1} 

- · ·-·- - - 4.1.23), 

t ct B (i-~) A 

for larvae, and: 
o t 1 o 10 

1-1~- (1-1) (4.1.24), 
- --
t ct 

for postlarvae, where o t = t max - t min, and o A = Amax - A,,,;,.. 

To test how do the experimental data on length range agree w,ith the 
assumption brought out, ol1 values were caloulated for anchovy lairvae and. 
postlarvae. The ol0 value was used for larvae of each individual experiment 
from Table 4.1.6. Since the number of measured Iarvae at the transformation 
to postlarvae, the length range of which was the same ,as ol0 for postlarvae, 
was far lesser than that of newly hatohed la;rvae, the ol0 value for po.stlarvae 
for the time of the camplete yolk sac resoription was calculated f:mm the 
equation (4.1.21). On the other hand the common va1ue (l0 comm.) was caicu
lated on the ba.s'is of the data from Table 4.1.7. Values of relative error intime· 
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estimates (o t/t) were also calculated from both la,rvae and postlarvae. 
Extreme larval leng,ths during the grow,th showed to be in good agreement 

with the mathematically calculated limits of alt (Fig. 9) , which is another 
proof that the width of the length rang,e depends, to a larger extent, on the 
length of larvae alt hatching. DistrJbution of relative time error (ot/t) shows 
that the age of larvae rnay be almost p~ecisely estimated on the basis of 
length up to, approx,imately, the time of rthe beginrring of growth decce1eration. 

Fig. 9. Relation of lengths calculated 
from the c'l 10 value and extreme 
length of anchovy larvae to rela
tive error (c'l t/t) in age estimates 
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Thereupon the ot/t tends to infinity, thus that the age esrtimates after the 
mouth opening and eye pigmentation are not rehable. 

As it may be seen from Fig. 10 extreme lengths of postlarvae of the 
same age also agree well with the calculated lt limits, particu1arly with the 
values calculated on ,the basis of common ol0 value from Table 4.1.7. However, 
as distinct from larvae, the extreme postlarval lengths particularly those of 
the oldest ones, do not »enter« within the mathematically obtained limits. 
This is quite in agreement with the fact that food considerably affects the 
growth of postlarvae. It may, however, be expected that for the smaller 
postlarvae of the same age whlch, after B 1 a x ter (1969) are poorer swim
mers, it will be diUicult to catch food under the conditions of no sufficient 
food available. Their growth will be more and more delayed and consequently 
they will reach food with more and more difficulties, whereas the growth 
01f la;rger pos,blarvae wi!Ll be faster a111d faster owing to mini1mized competitilQn. 
Lt may, therefore, be assumed that, under the conditions of abundant food, 
differences in length will be due to the initial differences in leng,th as shown 
by the equation (4.1.22), and that under the conditions of poor food availability 
these differences will be increased. In any case, it ,seems that the differ,ences 
in length between the postlarvae of .the same age may be rather accurately 
calcula'ted by the equation (4.1.22). Distribution of ot/t values shows (Fig. 10) 
that re1ative error in age estimates is more and more minimized with age. 
Otherwise, on the basis of the equa,tion (4.1.24) the bme error (o t) is constant 
in postlarvae. In our experiments it ranged from 2. 74 days at 19.02°C to 2.06 
days at 21.30°C, irrespective of the length of postlarvae. 

4.1.2. Age estimates of larvae as influenced by decrease in their initial 
lengths from the beginning to the end of spawning season 

Some ,of the available data show that the length of fish larva,e at hatching 
depends on egg size. Namely, studies of the relation of herring egg size and 
larval lerrgth at hatching showed that longer larvae were hatched from larger 
eggs and that they, as well, attained greater lengths at the yolk sac resorption 
(B 1 a x ter and H e mp e 1, 1963). Similar was observed in anchovy from 
the central Adriatic. It was found that the mean egg size and mean lengths of 
anchovy larvae decreased as the end of spawrung season was coming closer 
(R e g ne r , 1972). Since a small number of eggs and larvae were measured on 
that occasion, we examined once again the relation between the egg size and 
length of larvae on the bas,is of measurements of the material collected thro
ughout the period of rthis investigation (9305 eggs and 3020 larvae) compairing 
the monthly means of the longer diameter of the egg and mean larval lengths 
(Table 4.1.11) . 

As it may be seen from Table 4.1.11, length of larvae depends on the mean 
egg size and may be given by the following relation: 

1 = 0.6358 + 1.7784 • v; r = 0.735, p < 0.001, 

where l is mean length of larvae and v mean length of longer egg diameter. 
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Accordingly, .even though the egg size was not separately measured in the· 
course of these experiments it may be concluded that the length of newly 
hatched larvae depends on egg size. This means that wdder the ,range of egg· 
size the length range of newly hatched larvae (bl 0 ) is wider and •that iin this 
case, according to the eq,uations (4.1.21) and (4.1.24) the error in estimates of 
larval and postlarval age will be greater. 



Table 4.i.11 Mean size of anchovy eggs and iarvae in the stuci.y a.rea by months (far the 1962-1976 pedod) .is. 
00 

III IV V VI VII 
--· - ·· - -

Station range X range X range X range X range X 

Stončica 
eggs 1.54-1.69 1.57 1.35-1.84 1.56 1.24-1.76 1.51 1.13-1.65 1.40 0.98-1.54 1.31 
larvae - - 2.63-3.83 2.50 2.36-3.93 3.29 2.06-3.86 3.09 1.88-3.60 2.86 

Pelegrin 
eggs - 1.58 1.43-1.88 1.59 1.20-1.80 1.54 1.13-1.65 1.37 1.09-1.58 1.31 
larvae - - 3.60-3.71 3.66 2.70-3.93 3.48 2.10-3.75 3.10 1.99-3.64 2.99 

Kaštel. zaljev 
eggs - 1.69 1.28-1.84 1.60 1.28-1.69 1.53 1.16-1.69 1.37 1.13-1.50 1.29 
larvae - ·- 2.82-3.53 3.28 2.40-3.86 3.33 2.25-3.68 3.05 2.02-3.49 2.90 

All stations 
eggs 1.54-1.69 1.61 1.28-1.88 1.58 1.20-1.80 1.53 1.13-1.69 1.38 0.98-1.58 1.30 
larvae - - 2.63-3.83 3.48 2.36-3.93 3.37 2.06-3.86 3.08 1.88-3.64 2.92 

l:'J 
VIII IX X XI 

,.., 
o 

Station X X X X 
o 

range range range range (JQ 

'< 
o 

Stončica 
H, 

eggs 1.05-1.30 1.27 0.79-1.54 1.30 1.20-1.43 1.31 1.24-1.39 1.30 :i,.'E. 
r,., 

larve 2.17-3.56 2.89 2.14-3.45 2.92 1.88-3.64 3.05 2.36-3.34 3.30 „;:s 
o,:,;-

Pelegrin :i,.S 
i:,.;:I 

eggs 1.13-1.43 1.29 1.13-1.46 1.32 1.16-1.43 1.30 - - ..., ~-
-n 

larvae 2.33-3.68 3.05 2.29-3.56 2.97 2.66-3.68 2.34 - - ~~ . ., 
,..:,O'Q 

Kaštel. zaljev """ "' 
eggs 1.09-1.50 1.26 1.01-1.41 1.32 1.28-1.43 1.33 1.24-1.35 1.30 ~a 
larvae 1.95-3.56 2.84 1.73-3.56 2.78 2.44-3.23 3.02 3.04-3.34 3.37 :.,"'I; 

All stations 
.!. "'[/l 
-ll>' 

eggs 1.05-1.50 1.27 0.79-1.54 1.31 1.16-1.43 1.31 1.24-1.39 1.30 -•;:s~ 
~"o, 

larvae 1.95-3.68 2.93 1.73-3.56 2.89 1.88-3.68 3.00 2.36-3.34 3.34 
.... ::rO'Q 
«>o ;:s 
-,~ < (t) -«..., 
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Further, the measurements of the length of anchovy larvae (Table 4.1.11) 
collected from the study area and preserved in 20/o formol showed that the 
greatest length range (from the length of newly hatched larvae to that at the 
transformation to postlarvae) was 1-88-3.93 mm, what, according to the 
equation (4.1.18) would conespond to the lengths of 2.04 and 4.15 mm respe
ctively of Hving indiv,iduals. This, howe-ver, considerably exceeds the maximum 
range of larvae, 2.18-3.90 mm, measured during the experimenrt;s (Table 4.1.7). 
Undoubtely this might have been expected since it is quite normal that larvae 
collected throughout the period of investigations and all over the study area 
showed length varia:biliiy which exceeded that of the larvae exper,imentally 
reared. It was also found that larvae from the period of April-May were 
cons'itlerably longer (2.36-3.93 mm) than those from June-November (1.73-
-3.68 mm). However, their length range was somevhat lesser. Therefore, if 
the mean values A and B for prese,rved ind.ividuals obtained by measurements 
in the course of experiments (equation 4.1.19) a,re taken as the basis of eslt.i
mates, the age of larvae wi11 be overestimated, partioularly of those from 
period of April-May. To avoid this the following A and B values were taken: 

Range of larvae 
A 
B 

April-May 

2.36-3.93 
3.94 
1.58 

June-November 

1.73-3.68 
3.69 
1.96 

Thus the age of larvae found in the plankton from April-May may be 
estimaited by the equation: 

1 1.58 
t = - · ln --- (4.1.25), 

c 3.94-lt 

and the those found from J.une-N ovember by the equation : 

1 1.96 
t=-·ln---- (4.1.26). 

c 3.69~lt 

The B/3 'iirlterval was used in sorting the lairvae into the fongth grnups for 
the 1ater estimates of mortality. The following groups were obta1ned : 

April-May June-November 

L 1 2.36-2.88 1.73-2.38 

L2 2.89-3.40 2.39-3.03 
L~ 3.41-3.93 3.04-3.68 

Changing the A and B values is possible since these va1ues in the growth 
equation (4.1.10) do not signifacantly affect the assessment of the total develop-
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mental time from hatching to transformation to postlarvae. This total develop
mental time depends ,largerly on the magnitude of va,lue of ,exponent (c), 
which, as shown, varied with temperature. This may be mustrated :by the 
following example. The deve1opmental .time of larvae at mean temperatures 
,in April (i for 0-20 m = 13.99°C) and June (i for 0-20 m = 20.68°C) was 
calculated on the basis of developmental time rup to the complete yolk sac 
resorption as influenced by temperature as well as on the basis of growth 
equation talring the mean A and B values for both the .preserved individuals 
e:xiperi.Jmenitail.1y oibitamed {equaitiiorn 4.1.19), and those olbtadned by measurements 
of the collected maiteri•al (equations 4.1.25 and 4.1.26). The time at which larvae 
attain a length of A - 0.001 was taken as a cri.terion by which to judge the 
termination of ,larval stage. It was shown that laiI"vae attaaned this length after 
the same time (at 10.5 days at temperature of 13.99°C, and at 2.64 days at 
temperature of 20.68°C) trrespective of the changed A and B values. Further, 
the obtained developmental time is in agreement w,ith the developmental time 
caiJ.culated by the equation (4.1.8). According to this equation the development 
takes 11.7 days at 13.99°C and 2.64 days at 20.'68°C (Flig. 11). Mean length 
range of larvae at hatching (ol 0 = 0.25 mm) was also calculated on the basis 
of Table 4.1.6. It provided the basis for calculation of Jlt values for the growth 
ourve obtained from the equation (4.1.19) . This rendered poss.ible a comparison 
01f the aberr-ations in .the age estima:tes by means of the A and B values 
ca1culated by measurements of both the material collected in si-tu and that 
reared experimentailly. The difference in time estimate for April (Llt) showed 
to be only sHghtly higher than the error r,esulti:ng from the initial lengt,h 
range (ot), while ti.n June this difference was considerably smaller than the 
above mentioned error (F1g. 11). Larval lengths of B/2 for April-May and 
June-November respectively were used for this comparison. This shows that 
the adjustment of the A and B values ,on the bas.is of measurements of larvae 
collected in situ is possible and justified and that the equations (4.1.25) and 
(4.1.26) w.i:11 probbably give better age es-timates than the equation (4.1.19) 
with ,respecit to the dti.fference in size between the larvae of spr,ing .period of 
spawniing seas-on and those from the surnmer one. 

It :is quite certain that the error wm also occur in the age estimates of 
postla,rvae by the equatrl.on (4,1.20), the coefficients of which were calculated 
on the basis of observations of growth under e:x;peri:mental conditions, since 
postlarvae foom the spring period developed from larvae which, on an average, 
were longer than those from the summer period. We, however, believe this 
errnr m postlarvae to be neg1igib1e, in the first place, owing to the fact that 
the ,growth rate is influenced by the quantity ,of available food w hich, as 
distinct from tempera-ture, could not be determined. Therefore, postlarvae 
were se,parated in four length groups irrespectively of the time they were 
found at: 

P1 3.34-3.99 
P2 4.00-5.99 
P3 6.00-7.99 
P„ 8.00-9.99 

The frrst group i.ncludes all postlarvae from the vaJue of a in the equation 
(4.1.20) up to the 3-99 mm length, while the others were separated into 1.99 mm 
length ranges. 
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In taking into account the comhined influence of temperature and food 
on the growth .of positlarvae, as well as the dependence of larval and postlarval 
growth on their initiaJ. lengths, we may accept the statement of B 1 a x t e r 
(1969a) that age estimates on the basis of larval and postlarval lengths may 
include the possibiltty of considerable er,ror. We held, however, that the 
possibility of erroT may be minimized if larvae and postlarvae are separated 
into conven.ient length g•roups. 
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Fig. 11. Growth curves of anchovy larvae calculated 
from the experimental dab and the data 
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collected in situ 
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Dr = the yolk sac resorption according to the 

(4.1.8) equation 
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1. Under experimental conditions mortality of anchovy eggs was highest 
in earlier embryonic stages up to the closing of blastopore. It -is ma1nly due 
to mechanical damages. 

2. Under experimental conditiions mortality rate of anchovy larvae was 
apprnx.imately constant. It also seems to be mainly due to mecharucal damages. 

3. Mortality of postlarvae was highest immediately upon the transition to 
exclusively active feeding . In older postlarvae it was almost 1I1egligible. 

4. The experilmenrts of a,rtificia~ »dry fer-tillirz-ation method« of anchovy 
eggs showed .thalt fertilized eggs ave1raged 87.710/o. 

5. Anchovy egg developmental time as influenced by temperature may be 
approximated by the equati<on D = CT- b, where D = deve1opmental time in 
days, T temperature in °C and C and b constants. 

6. Developmental time of each of the emhryonic stages may be calculated 
by the same equation, mult1plying the C or D values by corresponding coeffi
cient characteristic for each of the sta,ges. This is not applicable only to the 
first stage which takes very short time in relation to the total developmental 
time of anchovy eggs. 

7. Results •of the •experiment show that the mean length of newly hatched 
anchovy larvae is 2.46 mm± 0.11 s, that mouth opening and eye pigmentation 
begin at mean length of 3.50 ± 0.43 s, and ,that the yolk sac is completely 
resorbed at mean length of 3.54 mm± 0.319 s. 

8. The developmental rtime between hatching and mouth opening and eye 
pigmentation rin larvae, and that be-tween hatching and transformation to 
postlarvae is also dependent on temperature and may be cakulated by the 
application of the equation by which the relation between egg developmental 
time and temperature ;is expressed. 

9. Growth of anchovy larvae up to the yolk sac resorption may be approxi
mated iby the equation lt = A-Be-ct, where Z1 is leng:th ,intime t, and t is time 
in days,A is ,1Jhe asympitote whileB and c are constants. Growth speed of anchovy 
larvae depends on temperature, and the relation of growth rate coefficients c 
to temperature may be calculated by the equation c = -2.9767 X 0.26433T, 
wherie T is temperature in °C. This reJation .is staitistically significant for the 
high significance level. 

10. Growth of anchovy postlarvae may be given by the equation le= aect, 
where lt ,is length in time t, and a and c constants. Growth rate coefficient c 
is, like in larvae, dependent on temperature, and this relation may be calculated 
by the equatiion c = 0.018522 X 0.004813T, where T is temperature in °C. 
However, it is not statistically signif.icant. 

11. Growth of anchovy postlarvae is, .in addition to temperature, also 
considerably affeoted by the avaiJa:ble food quantity. 

12. Difference in length of either larve or postlarvae of the same age 
inor,eases w.ith time. This difference is to a larger extent dependent on the 
initial length range. This difference, as well as the error in age estimates 
resulting from it, may be mathema-tically defined. 
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13. Length of larvae from the study area decreases from the beginning 
to the end of spawning season, together with the decrease in egg siize. Th~s 
may cause s.i,gnif.icant errors in age estimates based on length. However, thls 
cause of error may be minimized to a certain extent by calculating the A 
and B values separa:tely for larger larvae from the spring period and sepa
rately for the smaller ones from the summer period. 

14. Shrinkage of anchovy larvae and postlarvae ,preserved in 20/o formol 
solution averaged 10.9°/o. 

4.2. MORTALITY OF ANCHOVY EGGS, LARVAE AND POSTLARVAE 
IN TRE PLANKTON 

Results 

Throughout the period of investigations, a total of 65 489 fish eggs were 
collected from the Kaštela Bay, Pelegrin and Stončica stations. Of th.is quantity 
9 305 eggs belonged to anchovy; 3020 anchovy larvae and 2815 postlarvae were 
extracted fro.m a total of 24 673 fish larvae and postlarvae caught from the 
plankton. To calculate mortality .coefficients anchovy eggs were separated into 
embryonic stage g-roups, couting 1iving and dead eggs together. Larvae and 
postlarvae wel'ie sorted into length groups as shown i,n the chapter 4.1. Thus 
it was possible to observe the reduction in the ,number of eggs from younger 
to older stages, as we11 as the reducHon [Il the number of larvae and .postlarvae 
fr,om younger to older leng,th groups. Global, monthly and annua1 mortality 
coefficent means were calculated on the bas.is of thus prepared data. 

Mortahty was calculated assuming tha,t the ,number of eggs, larvae and. 
postlarvae decreases ex,ponentiaUy with time and tha,t it may be e~pressed by 
the equation: 

(4.2.1), 

where Nt is the nu:mber of ind1viduals ~n time t, N 0 number of individuals 
in time t = o and m mortality coefficient. T.ime was ex.pressed in days. 

Mortality coefficent (m) was calculated from the linearized form .of ,the 
equation (4.2.1) by the method of linear regression: 

n 

~ (ti - ,t) (Jn Nti - ln Nt) 
i=l 

m=------------ (4.2.2), 

where Nt; !is the number of .individuals by each of the embryonic s.tages or 
length groups and t; age dn days. 
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The analysis of the collected mater,ial showed some shortcomtngs due to 
the very nature of the material and method of collection. They made mortality 
calculabons considerably difficult, particularly those for eggs and larvae. 
Namely the subseq:uent daily samplings, carried out over longer or shorter 
periods dependently on developmental rate, are best suitable for the mortality 
studies of planktonic stages since they render poss.ible the observations of 
their elimination from ,the moment the eggs are spawned. To our regret our 
collections were made on monthly basis . Therefore the distribution of the 
number of individuals by stages and length groups showed the following 
properties: 

- the number of eggs of the f.irst and tenth stages was considerably 
lower than that of other stages. This ·is due to the fact that these two stages, 
as already shown in the chapter 4.1., take very li-ttle time. Thus it is far ,les~ 
probable that the eggs of these two stages will be caught from the plankton 
than those of other stages. 

- anchovy eggs showed a tendency of grouping in several consecutive 
developmental stages; most frequently, depending on temperature, in the II, 
III, IV and VI, VII, VIII oir II, III, IV and VIII and IX gmups. The number 
of older stges frequently exceeded the number of yo.unger stages .in a group. 
This is probably the result of that anchovy may spawn over a relatively long 
period during the day, from 6 in the alternoon to 4 in the morning, after 
D emir (1965). 

- eggs of older stages (VII, VIII and IX) were more numerous than eggs 
of younger stages in a large number of samples. This is indicative of the fact 
that the spawning intensity va,r,ies from one day to another. It also indicates 
the ,possibility of egg immigration in the area of sarnpling stations, being 
probably transported by currents from the adjacent areas. This transport by 
our,rents may be e:xcpected particularly at lower temperatures at which t he 
development lasts longer. 

- the number ,of larvae of the first length group was frequently smaller 
than ,that of the second group, what is probably caused by the accumulation 
of larvae of the second group in the plankton due to their longer development. 
The same phenomenon :is frequent in the relation between the number of the 
oldest larvae and that of the youngest postlarvae. 

To avoid, to a certa,in extent, the effect of the occurrence of ten successive 
egg developmental stages on mortality esrtimates, the number of ten (I-X) 
stages was reduced to five (A-E) in the following manner: 

A-I 
B - II, III, IV 
C - V, VI, VII 
D - VIII, X 
E-X 

The stage A, however, was not taken into account in the mortality 
coefficient calculations, since its actual developmental time could not be 
established in the course of the studies of the relationship between egg deve
lopmental rate and temperature. 



s. Regner 
"Ecology of planl,tonic stages of the anchovy 
Acta Adriat., 26 (1) : 5-113 (1985) 

55 

To ehmđ.nate, to a certarin extent, the effect of acoumulation of eggs and 
larval anchovy stages in the plankton caused by different developmental times 
-0f stages and lengrth groups, and therefore different probability to catch them 
from the plankton, the number of eggs of each of the stages and the number 
of larvae or postfarvae of each of the length groups were c:Livided by the 
stage or length group developmental time (dt). The time of reaching the middle 
of the egg deve1opmental stage or the middle of length group was used as the 
respective sitage or length group age (Na ka i and H at tor i, 1962). 

Developmental time of each of the egg stages was calculated on the basis 
of the equations (4.1.5) and (4.1.6) by the folbwing expression: 

dt = Dst i + 1 - Dsti, 

where dt is the developmental time of a stage, Dst; the time of 'the beginilling 
of the ith stage and Dst i + i the time of its end. 

The mean age of a stage was calculated by the expression: 

Ds\ + 1 - Dsti 
t = ---------- + Dsti 

2 

where, to calculate the total egg developmental Ume (equation 4.1.5) the 
temperature at O m was taken and time was calculated in days. 

Age of larvae was calculated by the equahons (4.1.25) and (4.1.26) , and 
'that of pos1tlarvae by the equation (4.1.29). The va'lues of growth rate ooeffocents 
(c) were calculated by means of the equations (4.1.11) and (4.1.15) by which 
i:ts r ,elation to temperature was approximated. Mean temperatures for the 
0- 20 m layer were used for growth rate coefficient calculatrion. 

Developmental time of each of the larval length groups was calculated 
by the equation: 

1 A-11; 
dt =-ln (4.2.3), 

C A -1,i + 1 

.and that of the each of the postlarval length groups by the equation: 

where lt and l1 

group. 
i+ I 

dt = 

are the 

1 lti + I - ln-----
c 1, 1 

(4.2.4), 

initial and final Iengths respectively of ith length 

]\'!:san age of a group was calculated by the foHowing expression: 

dt, 
t = -- + tj, 

2 

·where t; is the time of attainment of the initial Iength of ith length group, 
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To esti.mate whether the anchovy rplanktonic stages mortality may be 
approximait€d by the expone1111liiaJ functilon (4.2.1) the morrtaJruty ooeffi:cients (m) 
were, in the first place, calculated for the mean number .of eggs, larvae and 
postlarv,ae below 1000 square meter separately for each of the sampling sta
tions and for the through period of invcestigations. Number of individuals 
below a square metre calculated according to the equation (3.2.) was multiplied 
by 1000 in order to evade the negative values of natura! logarithms ,in ,cases 
when Nfm2 wa,s lower rthan 1. Flilrsrtly, tihe mor,ta[i,ty ooe,ff.iicienlts were cakulaited 
se,parately for eggs, 1larvae and postlarvae. Stnce these calculations showed 
that eggs and larvae had the same mortality coefficients it was calculated 
then separaitely for eggs and larvae and separately for postlarvae. The coeffa
cients of correlation (r) between natura! logarithm of the number of ind1vidual.0 

in a stage or length group and time w,ere ,also caloulated to es-tablish by the 
i-test whether this corelaition was sitatiistiJca,JJy signif.icanit. Tihe resrults obtained 
a,re given in Table 4.2.1. 
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Fig. 12. Curves of mean mortality of anchovy planktonic 
stages in the study area 



Table 4.2.1. Mean mortali.ty coefficients {m) of anchovy eggs, larvae and postlarvae in the study area 
* ln N = ln { (N/m2/dt) • 1000} 

---
Stončica _ Pel~grin Ka št ela Bay - - - -

T (Om) = 20.57°C T (0-20) = 19.42°c T (Om) = 20.37°C T (0-20) = 19.07°C T (Om) = 20.60°C T (0-20) = 18.41 °C 
-

t dt N/m 2 In N* t dt N /m 2 lnN* t dt N/m 2 InN* 

Eggs and 
larvae 

B 0.35 0.70 3.34 8.47 0.36 0.72 3.65 8.53 0.35 0.69 5.21 8.93 
C 1.05 0.70 1.14 7.39 1.08 0.72 4.37 8.71 1.04 0.69 0.65 6.84 
D 1.54 0.29 1.21 8.34 1.59 0.30 1.36 8.42 1.52 0.29 0.75 7.85 
E 1.73 0.08 0.10 6.98 1.79 0.09 0.06 6.52 1.71 0.03 0.02 5.70 

L1 1.87 0.19 0.16 6.71 1.93 0.20 0.07 5.84 1.86 0.21 0.06 5.60 

L2 2.12 0.32 0.42 7.18 2.20 0.33 1.47 8.40 2.15 0.37 0.38 6.92 

L3 3.25 1.94 0.70 5.89 3.38 2.03 2.16 6.97 3.44 2.21 0.33 4.99 
m ~ 0.8505 r = -0.848 P < 0.02 m = 0.6033 r = -0.489 P- m = 1.1495 r = -0.798 P < 0.05 

Postlarvae 

P1 1.18 2.37 0.99 6.03 1.22 2.43 3.85 7.37 1.27 2.54 0.26 4.61 

P2 5.08 5.42 0.54 4.60 5.20 5.54 2.65 6.17 5.44 5.79 0.32 4.00 

P3 9.72 3.85 0.07 2.93 9.94 3.94 0.23 4.07 10.39 4.11 0.06 2.74 
P, 13.13 2.98 0.02 2.1 13.44 3.05 0.06 2.91 14.04 3.19 o.o O.O 

m = 0.3336 r = 0.997 P < 0.01 m = 0.3750 r = -0.997 P < 0.01 m = 0.2066 r = -0.989 P < 0.1 
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All mortahty coeffacient means are statistically signifacant for the high 
significance levels. The only exceptions are the coeffioients for eggs and larvae 
from Pelegrin and those for postlarvae from the Kaštela Bay. Th~s shows 
that anchovy planktonic stages mortality may be estimated by the equation 
(4.2.1). 

Egg and larval mortaHty was found to be highest at the Kaštela Bay 
Station and lowest at Pelegrin. Postlarv.al mor-tality, however, was highest at 
Pelegrin and lowest ,im the Kaštela Bay. Mortahty coefficient of eggs and 
1arvae .is 2.8 times that of postlarvae. 

Two periods of specific mortality may be clearly distingu~shed in the 
planktonic stages of anchovy from the study area. The first period of high 
mortality takes the time from ,egg ferti1ization t o the oomplete yolk sac 
resorption, that is transformation of larvae to postlarvae. The second 
period takes the time from the transition to exclusively aotive feeding, 
up to attainment of the maximum length of postlarvae caught from the 
plankton (10 mm). Lt may be assumed that this second period las.t up to the 
tr.all'.\JSformaitioin od' :paisitl.airvae to juvenule fish. Morta,l.!irty of the fiirst pericd 
considerably exceeds that of the second one (Fig. 12). 

Some characteristics common to all of the sampling stations were observed. 
The deviations from the calculated mortality curve fo.und in eggs and larvae 
exceeded considerably those found in postlarvae. Namely, C and E stages, as 
we11 as larvae from the L1 length group showed considerable reductions in 
number if compared with other ,eggs stages and larval length groups (Fig. 12). 
Subsequently, as it may be seen from Fig. 12, at all of the stations the N 0 

value for postlarvae is higher that the N t value of the transformation of larvae 
to postlarvae (termination of the yolk feeding) . This may be accounted for 
by the fo11owing: rthe E stages and L1 length ,gmup take very little time if 
oompared with other s,tages and length groups. According to Table 4.2.1., at 
mean temperatures they are present in the plankton not longer ,than 0.08 
days (two hours) and 0.20 days (4.8 hours) respectively. Thus the probabi1ity 
to sample them was very low . This, naturally, led us to an underestimate of 
their number. The number of C stage at Ston&ca and Kaštela Bay stations 
was underestimated from quite different reasons. Namely, at mean environ
mental temperatures, this stage takes as much time as the B stages, that is 
about 0.70 day (Table 4.2.1) or 17 hours. Anchovy spawn during the evening 
and night hours (from 6 p. m. to 4 a. m.) and since all the samplings, throug.: 
hou,t the ,period of investigations, were carried out between 07 and 11 a.m. 
most sampled eggs belonged to the B stages. This was once more proved by 
ithe fact that the number of ,eggs in the C stages exceeded the number of 
eggs in the B stages at Pelegrin Station (F.ig. 12) at which all of the samplings 
were carried out in the afternoon, between 12 and 5 p .m . Relatively higher 
proportions of postlarvae than those of eggs and larvae (Fig. 12) indicate 
that probably a part of eggs and larvae passed through the plankton net 
meshes. Subsequently, approximately the same number of eggs and larvae 
seemed to pass through the meshes thus that their ratio remained unchanged. 
This d.s proved by the fact that the relatiion between the decrease in number 
of eggs and larvae and time showed high correlation coefficients, s,ignificant 
for the high significance levels (Table 4.2.1). Therefore, it may be concluded 
that the recorded loss of eggs and larvae through net meshes did not seriously 
affect their mortality estimates. 
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On the basis of the knowledge of m coefficient means and mean deve
lopmenta1 time between egg fertilization and postlarvae of 9.99 mm in length, 
it was possible to cakulate the mean percent,age s.urvival of eggs up to the 
end of embryonic development, of larvae up to the transformation to post
larvae and of postlarvae up to 9.99 mm in length taking tliat N 0 is 100 like 
in the (4.2.1) equation (Table 4.2.2). 

Table 4.2.2. Mean percentage of survived anchovy individuals by different develop-
ment stages 

Stončica Pelegrin Kaštela Bay 

Hatching 22.19 33.15 13.38 
Yolk resorption 2.76 7.08 0.54 
Postlarvae 9.99 mm LS 0.02 0.04 0.02 

Accorddng to the results given in Table 4.2.2, mortality of anchovy plank
tonic stages was lowest at Pelegrin. Mortality of eggs and larvae was highest 
at the Kaštela Bay Station. Thus, .in the siudy area the percentage survival 
of eggs averaged 22.91 °/o of the total number ,of ferti-1ized eggs !Up to the 
term.ination of embryonic development. This percentage in larvae up ,to the 
transformation to postlarvae averaged 3.46°/o and in postlarvae up to 9.99 mm 
in length only 0.030/o. 

Mean mortality coeffacients were also calculated for all the months in 
which planktonic stages were recorded (March-No·vember). They were calcu
lated separately for each of the stations (Table 4.2.3). Linear regressfon between 

Table 4.2.3. Mean mortality coefficients (m) for Pelegrin and Stončica stations in 
1962-1976 and the Kaštela Bay in 1968-1976. (* insignificant far P<0.05; ~ the number was increased for older stages) 

Stončica 

eggs + larvae 
postlarvae 

Pelegrin 
eggs + larvae 
postlarvae 

Kaštela Bay 
eggs + larvae 
postlarvae 

M o n t h s 
III IV V VI VII VIII IX X X I 

1.52831
' 0.6756 0.8906 1.0221 * 0.8886'' 0.9743''' 0.8935'

0

' 1.7449'' 
0.0456* 0.3157 0.3955 0.3976 0.3488 0.3582'°' 0.3707 

0.5114 0.5407* 1.7043* 0.5119* 0.0429'' 1.1983" 
0.1736'' 0.2615 0.4096 0.3917 0.3468 0.3523 0.2875 

0.5171 0.8064 0.9894* 0.8455* 1.2610* 0.7303'' 0. 5886 0.6089 
0.01221

' 0.4425 0.4851 0.4471 0.4971 * 0.2261 '
0

' 

the mean number of iindividuals beiow 1000 square metres recorded ,in indi
vidual months throughout the period of investigations and mean age of each 
of the stages or length grnups obtained on the basis of mean temperatures 
in the respective months was calculated. 

Mortalrity coefficients were found to vary considerably from one month 
to another as well as f.rom one station to another. The highest mortality of 
eggs and la,rvae was recorded fr.om Stončica in March, June, August and 
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November, f.rom P.elegrin in June and October, and from the Kaštela Bay in 
June and August. The highest postlarval mor:tality ocoured at Stončica in June, 
July and October, at Pelegrin 1n June and July, and in ,the Kaštela Bay 
in June and September (Table 4.2.3) . 

To establish at which of the stations the mortality coefficients vary most, 
variabiliity coeffi.cients were calculated acoording to the equation : 

s · 100 
V=-

X 
(4.2.5), 

where Vis the variability coeff1cient, s standard dev:iation and X mean value. 
Results obtained are given Qil Table 4.2.4. 

Table 4.2.4. Variability coefficients of monthly mean mortality coefficients in the 
study area 

Stončica 

Pelegrin 
Kaštela Bay 

V (eggs and larvae) 

33.81 
79.14 
30.74 

V (postlarvae) 

36.86 
25.97 
55.40 

Mortality coeffioients of eggs and :Larvae varied most at Pelegrin and 
mortality coefficients of postlarvae in the Kaštela Bay (Table 4.2.4). 

On the !basis oJ km.ow111 mortailiity ooefficienits a:nd mean waiter temperatures 
as well as mean developmental time ,in individua! months, percentages of 
survived eggs at the end of embryonic development, larvae at transformation 
to postlarvae and postlarvae which attaM1ed 9.99 mm ~n ileng,th were calculated 
(Table 4.2.5). 

Table 4.2.5. Monthly mean percentage of survived anchovy planktonic stages in the 
study area given by individua! developmental phases 

III IV V VII VIII IX X XI XII 

Stončica 

Hatching 0.21 7.42 10.32 17.24 29.60 30.46 29.14 10.07 4.33 
L/PL 0.10 0.34 1.40 4.87 4.74 3.90 0.55 0.007 
PL 9.99 0.04 0.001 0.005 0.03 0.06 0.03 0.004 0.00005 

Pelegrin 
Hatching 12.22 24.92 5.24 48.59 68.96 93.93 12.14 
LP/PL 0.27 3.13 0.08 15.84 38.62 86.28 1.12 
PL 9.99 0.05 0.03 0.0002 0.08 0.39 0.93 0.02 

Kaštela Bay 
Hatching 11.16 14.32 18.97 31.67 19.41 32.24 27.23 
L/PL 0.50 1.19 4.57 1.15 7.16 5.93 
PL 9.99 0.40 0.001 0.005 0.002 0.01 0.20 
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Accord.ing to the results shown :in Table 4.2.5. percentages of survived 
a.nchO!vy piLanJkJtoniic srtčliges at Sto111.6:ca and Pelegrin weiI'e highest .iJn JuJ.y
-September. The highest percentage survival ,of eggs and larvae was recorded 
in the Kaštela Bay in July and September and of postla·rvae i.n May and 
October. 

Calculated monthly mean coefficients provided the .bas:is for cakulations 
of egg mortality correction (K) which, in adclition to egg deveJ.opmental time, 

i.s needed for the calculation of egg production per un<it time and area (equation 
3-3.). The K values were cail.culated according to the equation : 

1 
K = --(l-e-m0 ) 

mD 
(Tanak a, 1973) (4.2.6), 

where m is the mortality coeffici-ent and D egg deve1opmenta,l time in days. 
The K values are shown in Table 4.2.6. They are used for the la-ter calculatdons 
of the anchovy egg production. 

Table 4.2.6. Monthly mean K values in the study area 

III IV V VI VII VIII IX X XI 

Stončica 0.1616 0.3559 0.7063 0.4708 0.5783 0.5850 0.5747 0.3046 
Pelegrin 0.4176 0.5403 0.3214 0.7123 0.9693 0.4166 
Kaštela Bay 0.4052 0.4409 0.4875 0.5943 0.4916 0.5986 0.5594 0.5768 

Annual mean morta,Lity coefficients for eggs, larvae and postlarvae (Table 
4.2.7) were calculated on the basris of mean temperatures of anchovy spawn!i.ng 
season and distribution of annua-1 egg number by individua! embryon1c stages 
and distribution of larval and postlarval numbers by length grourps. 

Table 4.2.7. Annual mortality coefficient (m) means in the study area ('' insignificant 
for P < 0.05; ~ = the number was increased for older stages) 

1962 1963 1964 1965 1966 1967 1968 1969 

Stončica 

eggs + larvae 1.4775 1.1571 1.2637* 1.3574 1.0780* 0.7646'' 0.7467* 0.9209* 
postlarvae 0.4781 * 0.3594 0.6530* 0.2295* 0.1994* 0.2254 0.3369 0.2595 

·Pelegrin 
eggs + larvae 1.1856 0.6949* 0.5707 0.2960* 0.4999 1.3014 0.3489* 
postlarvae 0.2923 0.3183 0.3660'' 0.3749 0.2227* 0.2304 0.2915 0.2516 

Kaštela Bay 
eggs + larvae 0.6437'' 0.2553* 
postlarvae 0.2984* 0.4507* 

1970 1971 1972 1973 1974 1975 1976 

Stončica 
eggs + larvae 0.6418* 0.8350* 0.3181 * 1.1830 0.9433* 0.9067 0.7187 
postlarvae 0.3164 0.2484* 0.3863* 0.3751 0.3744 0.4550* 0.3084 

Pelegrin 
eggs + larvae 0.8982* 0.3504* 0.7968* 
postlarvae 0.2785 0.3544 0.0376* 0.3221 0.3648 0.0553'' 0.3443 

Kaštela Bay 
eggs + larvae 0.8235 0.8992 0.9361 * 1.3898 1.4141 1.0284 2.3865 
postlarvae 0.4648 0.4239* 0.6199'' 0.0315* 0.3680* 0.5472 
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It is apparent that annual as well as monthly mean mortality coefficients 
vary considerably. Therefore, variatbJlity coefficients were also calculated for 
them (Table 4.2.8). 

Table 4.2.8. Coefficients of variability Qf annual mean m ortality coefficients in the 
study area 

V (eggs and Iarvae) V (postlarvae) 

Stončica 31.88 34.09 
Pelegrin 50.61 38.09 
Kaštela Bay 55.49 44.71 

As distinct f.rom monthly means, annual means show an increase of varia
bi.Lity going from the open sea (Stončica Station) onshore (Kaštela Bay Station) 
i,n eggs as well as in larvae and postlarvae (Table 4-2.8). The reason Js that 
variations of environmental factors are il.ess marked in ·the open sea than in 
the ooastal area what is well known for aill seas. 

Discussi.on 

Statdstical arnal.ysis of the decrease of monthly ,and annual mean numbers 
of eggs from the ini.t!ial to final embryonic stages and those of larvae and 
poshlarvae fr.om younger to older length groups showed that their mortality 
oould be approximated as a function of time by the exponential equation (4.2.1). 
Su bsequently, two periods of specific mortaHty may be clistingwshed in ancho
vy planktonic stages. The :fiirst period includes eggs and larvae, li .e. the tho
rough ,period of the y.olk feeding. It Js characteri:zed by high mortality. The 
second period of considerably lower mortaHty ·inc1udes the postlarval stage 
and Jnitiates with the transition to active feeding (Fig . 12). The results obtained 
are very s,imilar to the results on mortality observations under experimental 
conditions (chapter 4.1.) , with the only difference in that dur,ing the experi
ments an aiLm.ost dramatica~ drop in number was observed in postlarvae after 
transfovmation from larvae (Fig. 3). 

The period of high mortality during the yolk feeding and the period of 
decreased mortality in postl:arva•l stage was ,recorded in the planktoruc stages 
of many fishes , such as in Californian sardine Sardinops caerulea (Ah 1-
s trom, 1954), japanese pilchard Sardinops melanostica (Na ka i and 
H at tor i , 1962), horse mackerel , Trachurus symmetricus (Far ris, 1960),. 
Black Sea anchovy, Engraulis encrasicolus ponticus (D e h ni k , 1963) and 
mackerel, Scomber scombrus (Set te, 1943). 

We may simply distinguish biotic and ahiotic causes of mor,tality of fish 
p1anktonic stages. After Ni ko 1 s ki i (1969) principal abiotic mortallity caiuses 
are sudden ,changes .of temperature, salinity and oxyg.en insufficiency. The 
ultraviolet radiation may be an additional factor a,ffecting mortality lincrease 
of frish eggs and, to a certain extent, of fash larvae (M a r i n a r o and B e r
n a r d, 1966). Subsequently, mechanical disturbances due to wind and wave, 
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effects may be added (D eh ni k, 1961; Pa v lov s ka y a, 1955). It is 
unlikely that sudden changes of temperature may have lethal effects on 
anchovy planktonic stages, since these changes were not recorded f.rom the 
cent-ral Adr,iatic (B u 1 j a n and Zore - A r ma n da, 1966). Temperature may 
prnbably affect mortality of ,planktonic stag,es !indirectly through the duration 
1of development, since, it ,is held tbat a rather long exposure of ithe fish 
planktonic stages to mortality causes may at lower temperatures result in 
lower suirvival (L a s k e r , 1964; H e mp e 1, 1965). There are some reasons 
why we probably may apply this assumption to eggs and larvae from the 
study area. However low the mortaHty coefficients were in April and May. 
with an exception of Stončica (Table 4.2.3), ,the calculated percentage of survived 
eggs and larvae was considerably lower than in the warmer months (Table 
4.2.5). This may be the result of a prolongated exposure due to the longer 
developmental time. 

The lethal effects of uiltraviolet railiahlon on anchovy eggs are fully 
unknown. Thri.s radiation may only be assumed to affect somehow tbe egg 
siurvival since it bas been estabhshed tbat a large number of eggs are concen
trated close ,to the surface (Spe c ch i, 1968). 

Resu1ts obtained by the experiments (Chapter 4.1) may, at first sigbt, 
su,pport the assumption tbat wind and waves add considerably to an increase 
in anchovy egg morta1ity particularly pr,ior to blastopore closing. In tbe 
experiment wuth pacific halibut eggs F o r r e ste r and A 1 d e r di c e (1973) 
arr.ived at s-imHar results. However, tbey believe that under exper.imenta,l 
conditions eggs are more exposed to mechanica,l damages tban 'in nature where 
the accelarations due to current flows are lower and wbere there ,is no 
mechanical obstr.ucHons such as the rearing tank walls, air pipes and other. 
W.ind and wave effects on anchovy egg survival was studied in the Black Sea 
on the basis of the rabio of living eggs to the dead ones in each of the embry
onic stages at different sea states (Pa v 1 o v s ka y a, 1955). Eggs with tbe 
yolk .irregular in shape, spilt 1in the perivitel1ine space and of smaU granuilation 
structure, with no cleavage due to broken vesiioles were taken as dead ,eggs. 
An increased number of dead eggs , particularly in tbe first and third embryo
nd.c stages was found at sea exceeding 3 of the Beaufor,t's scale. Mortality 
assessment of eg:g.s in individua! stages was attempted on the ba.sls of tbe 
ratio of l!i.ving eggs ;to the dead ones ,in the central Adriatuc too. Mortality 
was found to be highest 'in the earliest stages (R e g ne r, 1972). However, 
during fishing for living anchovy eggs for experimental rearing of postlarvae 
(Cbapte,r 3) a large number of fully transparent eggs, par,ticularly of the earlier 
embryonk stages, were noticed floating on the surface of tbe jar where the 
eggs for exper,iments were taken from. However they had damaged yolks and 
deformed embryos. Upon preservation in formol these eggs showed all the· 
properties of dead eggs. Tberefore, in an ordinary planktonic catch, :r:;reserved 
on board [mmeiliately upon the planktonic net lii.fting, such eggs would bave 
been classifi.ed as dead. Since the experiments showed ithat dead eggs sunk 
rapidly to the bottom, losing their transparency, it may be concluded that eggs 
iin question were fully undamaged and that they were damaged while hauled 
by the net. Therefore, it seems very diffioult to estimate the surv.ival on tbe 
basis of the .relationship between dead and alive eggs in tbe plank.tonic 
catches. That is why we believe that ,the .increased number of dead eggs 
reported by P a v 1 o v s k a y a to be caused by strong waves, was more likely 
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the result of jerking of the planktonic net due to the piitching and roll.ing of 
ship rather than a result of wave impaot on eggs. 

It may be concluded from the above, that abiotic factors probably do not 
bave any crucial effect on anchovy planktonic stages mortality. 

Biotic causes of fash egg and larva,l mortality include in the first place, 
predators and diseases. In postlarvae these two -causes may be added the 
·starvation due to the laok of appropriate food (H e m p e 1, 1965; N .i ko 1-
s ki d, 1969). 

Predators and diseases of anchovy planktonic stages are for the time 
being very 1ittle known. After Dem i r (1965) all organisms feeding on the 
plankton are predators of anchovy planktonic stages. Studies of the survival 
of anchovy postlarvae as inf.Juenced by food quantdty are somewhat more 
numerous. This, how,ever, would be discussed in moire detail .in the two sub
seqiuent chapters. Nevertheless, for the time being, we may say that sri.nce 
the intens.ity of eff.ects of separate causes of mortality of anchovy ,planktonic 
stages are very little known, the calculated mortality curves should be held 
only as a result of a larger number of factors. 

Caloulated percentages of survived eggs (Tables 4.2.2 and 4.2.5) broadly 
oonform Wlith the data for anchovy from •the Azov Sea given by D e h n i k 
(1967) After this author, the >number of survived eggs up to the end of 
embryoruc stage averaged 18.40/o of a total ,number of the eggs spawned. 
However, percentage of survived ,postlarv.ae g.iven by D eh ni k in the cited 
paper ,ts f,ar lin ,excess of the percentage of srurvival we recorded. Since this 
author reparted that in the Azov Sea the surv.ival up to the end of postlarval 
stage averaged 0.150/o :it may be understood that the condi.tions for survival 
more favourable in the Azov Sea than in the Adr!iatic. This may be due to 
the quantity of ava1lable lfood since D u ka (1963) reported 11-19000 of 
o,rganisms ,per anchovy postlarva. fu the Adr.iatic this number does not 
exceed 6000. 

Fu:rther, it has also been shown that anchovy egg mortality on the Ac:kdatic 
is considerably lower than .it was held. Namely, !in comparing the number of 
eggs in the first developmental stage with that in the last one, with no 
correction for the developmental time of eaoh of the stages, P i c cine t t i 
et al. (1979) found the surv.ival of on,ly 20/o which .is far less than shown by 
our results. 

An error ,in mocrtaliity estimates may serious1y affect the fish egg pro
duction assessment (Tanak a, 1943), and therefore it is essential to know 
the mortality coefficients. Some of the properties of the materiaJ from which 
the error in mortality coefficient estimates may result bave already been 
mentioned w.ithin the introductory remarks of this chapter. The error resultiing 
from the grouping of individual stages due to the longer durat-ion of daily 
spawning ,period may be avoided, to a cert.ain extent, by further concentrating 
them j_n one group like we did. At the same time, the error resulting f.rom 
the difference in developmental times between :indivdual stages and individual 
length grnups respectively, may be efficiently diiminished iby ddviding the 
number of individuals of developmental stages and/or l,ength groups by the 
respective developmenta,l time 'if it is long enough. It was shown that in cases 
of very shovt developmental time, such as đ.n E stage in eggs and L1 group 
un larvae, their liabilty to capture was very low and their number under
estimated ev,en though the number of forund individruals was divided by the 
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time of their presence iin the plankton. W e he1d that it would be better to 
omit these stages a!Ild length groups kom mortality coeff.icient calculations. 
Subsequently, the relaition of the time of plankton sampling to the spawniing 
time and developmental time may serfously affeot the estimates of the number 
of specimens in ind,ividual stages, like .it was shown for the C stage (Fig. 12). 

Accorrung to the available data, escapement of a part of eggs, larvae and 
postlarvae rthrough the plankton net meshes, net avoidance peculiar to pos,t
larvae as well as the 1mmigrations and emigrat:ions of planktonic fish stages 
due to the escapement of a ,part of larvae through net meshes. Our results 
es,tirnates. 

Thus, after Far ris (1960), Ah 1 str om (1954) believed that mor.tality 
of early stages of cal~fornian sardine Sardinops caerulea, was overestimated 
due to the esca,pement of a palI'!t of :J.a,rvae :thrnugh net meshes. Our reS1Ults 
have also shown that a par•t of eggs and larvae .passed through net meches. 
We, however, held that this loss may affect an assessment of the total quantity 
of eggs and larvae in the plankt•on, which was not the object of this study, 
but not the mortal:ity estimates and comparab~lity of data. Namely, the 
nu1mbers of eggs and larviae as a funct'.ion of time were found to conform 
well with the calculated curve (F,ig. 12) and the relation between their num
bers and time to be stastically significant in a large number of cases for the 
significance levels exceeding P < 0.05 (Tables 4.2.1; 4.2.3 and 4.2.7). Therefore, 
it may be concluded that the number of eggs and larv;ae not captured by the 
net was proportionally the same. Thus the 1oss is unlikely to exert any 
sign:ificant influence on their mortahty estimates. 

Pos.Hairva,l mortality estilmates, bes.iides being affected by an eventual 
loss through meshes, may also be affected by thetr capability to avo.id the 
approaching net, since their perception abilities and sw,imming speed are far 
better than tho.se of larvae. A larger number of authors reported ,that numbers 
of postlarvae captured during the night exceeded those captured ,during the 
day (Silliman, 1943; Ahlstrom, 1954; Bridger, 1958; Ahlstrom, 
1959; C o 1 ton et al., 1961; P e a r c y and L a u r s, 1966). This indicates 
that the net avoMance is, to a larger extent, dependent on visual :perception. 
Lt was also found that the number of postlarvae which succeeded to avoid the 
net was decreased with the greater towing speed and mouth aperture diameter 
(Ahlstrom, 1948; Arnold, 1958; Colton et al., 1961; Kinzer, 1966; 
D 1i centa et al., 1976). If the percentag.e of net avoidance was higher in 
older postlarvae than in the younger ones, a negative deviation of their number 
from the oalculated mortality curve could be expected, like in the E egg stage 
and L1 larval length gro.up. According to the resu1ts obtained, however, there 
is no such dev-iation recorded in anchovy post1arvae (Fig. 12). On this basis 
it may be concluded that if the net avoJ.dance takes place, the percentage of 
postlarvae which avoid :it sucessfully .is the same d,rrespective of their age 
or ,1ength. Therefore .it appears that net avoidance by anchovy postlarvae 
does not cause any significant error lin their mortahlty estimates, at least up 
to the length of 10 mm, that .is the length up to which we caught them from 
the plankton. This fa probably affected by the large aperture of the net used, 
the di-ameter of which was 143 ,om. It may a1lso be assumed that »Helgoland« 
net with 0.516 mesh size used in this study retains almost all anchovy post
larvae, since Lena~ z (1972) showed that a net of 0.505 mm mesh size 
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retained ali postlarvae of californian anchovy (Engraulis mordax), the size of 
which 'is very simi,lar to that of the Adriatic anchovy. 

Ka r 1 ova c (1967), W at a na b e (1970) and S mit h (1972) s howed 
that mortality €stimates of planktonic stages of sardine (Sardina pilchardus 
Walb.), ,pacific mackerel (Scomber japonicus H o u t tu y n) and northern 
anchovy (Engraulis mordax) might be seriiously affeoted by drift caused by 
cur,rents. This seems applicable to the Ad:rti.atic anchovy planktonic stages, 
as well. Namely, the 1owest mean egg and larval morta1ity coefficients were 
recorded for Pelegrin Station, and the highest for the Kaštela Bay (Table 
4.2.1). It was also :observed that at the Pelegr:in Station, at which the egg 
prodruction was, as it will be shown ,in the subsequent chapter, consid€rably 
lower that at two remaining stations, eggs from the C and D stages, as well 
as L2 group larvae, were represented almost as well as the youngest eggs 
from the B stage (Fig. 12). One poss:ible eX!planation .is that €ggs and larvae 
were carried by currents from the adjacent areas to the area of Pelegran. 
Current measurements at Stončica Station showed that during the spawning 
months the resu1tant surface current is to the north, that is onshore. On the 
contrary, in summer the resultant directions are prevalently to the southeast, 
that Js offshore (Zore - A r ma n da, 1968). On this basis it may be conc1u
ded that anchovy eggs and larvae are drifted to the Pelegrin area from the 
open sea in spring a:nd from the coastal areas lin summer. The outgoing 
current direction prevails in the Kaštela Bay during the warmer part of the 
year (Ga č i ć ,and S mir č .i ć, 1971; Z o r e - A r ma n da, 1975) and there
fore anchovy planktonic stages :immigration to the Bay is excluded. However, 
the emigra:tion is probable, partioularly that of postlarvae since no larvae 
exceeding 7.99 (Pr, group) in length were recorded from the Kaštela Bay 
throughout the period of investigations. On the basis of everything aforemen
tioned 1it may be concluded that mortality of anchovy planktonic stages was 
probably underestimated at Pelegrin Station ,and overestimated at the Kaštela 
Bay Station. However, s,ince the data we had available did not cover a net 
of stations, the extent of error could not be establi,shed. In any case transport 
of anchovy planktonlic stages from one area to ano.ther seems to have the 
highest effects on possible errors in their mortality est:imates. 

H j o rt (1914) postulated a theory that a short period of high mort,aHty 
occurred in early life stages of fish, that is after the yolk sac resorption at 
kansition to active feeding. He explained this lin terms of food rinsufficiency. 
T1his, after H j o r t called »critical per1od« was recorded in many fishes reared 
under exper.imental conditions. It was as well • noted lin anchovy from our 
experiments, as it already has been brought out in chapter 4.1. H jo rt attri
bued great signif.icance to »critical ,per,iod« believing that the insuffdciency 
of food for postlarvae in that short time interval had crucial importance for the 
strength of the brnod iproduced from them. However, in analysing the earlier 
data on planktonic fish mortality Ma r r (1956) already critiicised H jo rt' s 
theory stating that »critical period« cou1d not be established with certalinty 
but that a small number of available :proofs was indicative of a constant rate 
of contiruuous mortality rather than of the mass mortality m a short time. 
Far ris (1960) arriived to a similar conclus,ion. The data obtained d.n this 

study showed that there was no »critical per<iod« in anchovy iin natural envir-
onment but to the opposite that mortality rate was considerably reduced after 
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transition to active feeding. It should be mentioned that during some earlier 
investigations in the central Adriatic »critical period« was recorded both in 
sardine (Ka r 1 ova c, 1967) and anchovy (R e g ne r, 1972). However, on 
these occassions larval and postlarval mortality was estimated on the basis of 
the difference in numbers between ,individua! length g.roups. However, that 
method is -not so good an indicator as observations of the decrease ,in numbers 
in relation to time. 

Conclusions 

1. Mortality of anchovy planktonic stages in the investigated area may 
be expressed by the eq,uation: 

where N t is the number of anchovy planktonic stages in time t, N
0 

number 
in time t = O and m moritality coefficient. 

2. Two periods of s:pecific mortalrity were :recorded in anchovy planktonic 
stages from the cen.tral Adriatic. The first period, characterised by high mor
taHty rate, includes eggs and larvae ,up to the complete yolk sac resorp:tion. 
The second period of cons-iderably lower mortality includes postlarvae after 
transition to exclusively active feeding. 

3. The percentage of larvae which attain a 10 mm length averages 0.030/o 
of the total number of s,pawned eggs in the investigated area. 

4. Transport of anchovy ,planktonic stages by currents seems to have the 
highest inf.luence on the possible error in mortality estimates. 

5. »Critical peviod« was not established in the planktonic stages on 
anchovy from the central Adriatic. 

4.3. DISTRIBUTION OF ANCHOVY PLANKTONIC STAGES 
DURING TRE SPAWNING SEASON 

On the basis of data on anchovy egg developmental time and larval and 
postlarval growth rates 1in relation to temperatlllre, as well as on the basis of 
calculated mortality coefucients, anchovy egg production and the numbers of 
larvae a.nd postlarvae ,in individua'l length g:roups under an unit a:rea of 
surface per unit time were calculated separately for each of the samples from 
which anchovy planktonic stages were taken. Egg production was calculated 
on the basis of the equations (3.2) and (3 .3) and (D) developmental time was 
calculated for the temperature recorded at O m depth at the time of samplring. 
The K value f.rom the equation (3.3) was taken for each month fr.om Table 
4.2.6. Numbers of larvae and postlarvae were calculated for each of the 
samples thus that the number of individuals in each of the length groups was 
divided by developmenfal ticrne (dt) of a :respective group obta'iined on the •baslis 
of the equations (4 .2.3) and (4.2.4) . The c value was calculated for the tempe-
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rature of 0-20 m layer at the time of samplrl.ng. Egg production and the 
number of larval stages were cakulated as a niumber of individuails under 
a square metre per day. 

Results 

Anchovy eggs were recorded from the Stončica (open sea) and Kaštela 
Bay stations (coastal area) !in April-October and only exceptionally .in March 
and November. At Pelegrin (channel area) eggs were also found in Apriil
-October, and only once in March (1972) whereas no eggs at ali were found 
ilil November. Larvae and postlarvae were recorded from a11 the stations in 
April- October. kt Stončica larvae were found as .well in November 1969 and 
postlarvae .in November 1969 and 1974. Postlarvae were recorded from Pele
grlin in November 1974. Accordingly, the conclusion may be drawn that the 
period in which anchovy larval stages may be found in the plankton is some
what shor,ter than that in which eggs occur. 

Calculated total mean egg production showed the rat,io 1 : 0.42 : 0.99 at 
Stončica - Pelegrin - Kaštela Bay station. Accordingly, during the spawning 
season an almost equal number of eggs is produced in the open sea and 
ooastal area. In the channel area, however, the production ,is considerably 
lower. It may, therefore, be ocmcluded that the conditiions in the channel area 
are probably not favourab1e for anchovy spawning. The ratio of larval mean 
num.ber is similar to that of eggs, 1 : 0.66 : 0.91. However, mean postlarval 
number is 1 : 0.86 : 0.57. It is apparent that, with respect to the sman number 
of eggs produced at Pelegrin, postlarvae found there had not developed from 
the eggs produced there. 
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Long-term means (15-year ones for Stončica and Pelegrin and 9-year ones 
for the Kaštela Bay) .show that egg ,production reaches an absolute maximum 
,at Stonč,ica and Pelegrin in June and a relaili.ve maximum at Stončica in 
September and at Pelegdn in October. At the Kaštela Bay Station a relative 
maxiimum occurs in June and abso1ute ,one in August (Fig. 13). Accordingly, 
the spawning :intensity variations in .the Kaštela Bay differ from those at 
Stončica and Pelegrin. :Subsequently, it was found that the mean number 
of anchovy larvae agrees best w.ith the va,riaitions in the spawning dn:tensity 
in the Kaštela Bay. So:mewhart poorer agreement was established for two 
other stations. At the same time, maxrimum numbers of postlarvae are in 
good agreement with rthe maxima of egg production only at the Kaštela Bay 
Station. At Stončka and Pelegrin the largest numbers of postlarvae ocour ,in 
A!ugust whereas their numbers are relatively low 1n June (F.ig. 13), when egg 
pr-oduction is h1ghest. This relatioship .is even better shown by the coefficients 
of corre1ation between egg production and larval number on the one hand 
and the number of posrtlarvae on the other, caloulated separately for each 
of the sta:tions (Table 4.3.1.). 

Table 4.3.1. Coefficients of correlation between monthly mean production of anchovy 
eggs under a square metre per day and monthly mean numbers of 
larvae and postlarvae under a square metre per day. 

Station r (eggs, larvae) P< r (eggs, postlarvae) P< 

Stončica 0.795 0.02 0.379 
Pelegrin 0.715 0.05 0.888 

Kaštela Bay 0.909 0.001 0.926 0.001 

Distribuili.on of correlation coefficients shows that at the Kaštela Bay 
the numbers of Ia,rvae and postlarvae agree almost completely with the egg 
production. At Stončica and Pelegrin the number of larvae is in agreement 
with egg production to a il.im.ited extent only, whereas egg production and the 
number of postlarvae show disagreement. • 

This ii.s probably a consequence of the system of currents lin the surface 
layer of the study area which affects emigration and imrnigration of larvae 
and postlarvae, as shown in the chapter 4.2. Part1cularly good agreement of 
anchovy egg production intens:iity and the numbers of larvae and postlarvae 
m the Kaštela Bay in whlch, as shown ii.n the preceding .chapter, the outgoing 
current, which exc1udes any immigration, prevails, shows that the numbers 
of larvae and postlarvae are .in fact dependent on the egg production .intensirty. 
The deviations from this relationship at Stonoica and Pelegdn area obv,iously 
due to cur,rent transport. Pos,tlarvae recorded in max-i!mum numbers at Ston
čica and Pelegr.in ii.n August, when maximum egg production occurs đ.n the 
Kaštela Bay, probably came from the coasrtal area. This is supported by the 
fact that the resu1tant ourxent direotion in the surface layer jn summer is to 
the south-east and souith-west, that is offshore (Zore - A r ma n da, 1968). 
Mean resultant ourrent s.peed at Stončica is 14 cm/sec in summer, that is about 
6.5 NM per day. The develo.pmenta,l time of postlarvae, from the yolk sac 
resorption to the length of about 10 mm, calculated on the basis of mean 
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temperature for the 0-20 m layer ii.n June-September in the strudy a,r ea, 
takes about 13 days in the summer. Theref.ore it ,is quite possible tha;t larvae 
hatched in the coastal area are transported to the channel area and open sea, 
the distance of which from the coast does not ,exceed 20 and 30 NM respecti
vely. 

Taking into account that the number of postlarvae is highest in summer 
(Jruly, August and Se,ptember) it may be concluded that, rirrespective of the 
relatively high postlarval mortality coefficients (Table 4.2.3), the largest part 
of the new reCI'IUli1ts is gener.aited .iJn the strudy airea ju,sit during thes,e month.s. 

As to the abiotic factors, the relat :icmship of a!l1chovy planktonic stages 
to temperature and salinrity was studied. The relation between eggs and tem
perature and salinity means for 0-20 m column was also observed, d:rre
spective of that eggs keep dose to the surface and that the temperatures at 
O m were used for thek developmental time calculations. It was, however, 
established that anchovy spawning was affected by hydrographic conditions 
of the surface layer .in their broader sense (F age, 1920). The 0-20 m depth 
column corresponds to the mean depth of thermocline lin the Adriatic (B u-
1 j a n a,n,d Z o r e - A r ma n da, 1971). 

Temperature and sa,linity ranges wit hin which anchovy planlct:onic stages 
were recorded throughout the period of investigations are shown in Table 
4.3.2. 

Table 4.3 .2. Temperature and salinity ranges within which anchovy planktonic stages 
were recorded from the study area. Margina! values for O m depth are 
given for eggs. 

Temperature 

Station Om 

Stončica 

eggs 13.12-27.32 
larvae 
postlarvae 

Pelegrin 
eggs 13.33-25.71 
larvae 
postlarvae 

Kaštela Bay 
eggs 13.17-25.62 
larvae 
postlarvae 

(OC) 

X(0-20m) 

13.15-23.75 
14.08-23.85 
14.08-23.85 

13.20-23.90 
13.90-23.29 
13.90-23.29 

23.18-22.78 
13.18-22.78 
14.93-22.78 

Salinity (So/oo) 

Om 

37.03-38.90 

35.41-38.64 

31.60-38.83 

X (0-20ml 

37.52-38.90 
37.52-38.90 
37.52-38.90 

36.57-38.67 
36.83-38. 70 
36.83-38.70 

34.91-38.09 
35.16-38.09 
35.86-38.09 

As .it may be seen from Table 4.3.2, anchovy planktonic stages ocour 
within .the same temperature ranges at ali of the sta,tions. However, salinity 
ranges are considerably lower in the coastaJ. area than in the open sea. 

The distrihutrion of percentages of tihe total numbers of eggs, larvae and 
n -

postlarvae (X N/m 2/day;) in relation to temperature and salinity showed that 
i=l ' 
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a rather large number of anchovy planktonic stages occurred within wider 
temperature and salinity ranges (F,igs. 14 and 15). 

The highest egg production was found to occur at Stončica at 17 and 
19::::, at Pelegrin at 17-18°C and at the Kaštela Bay Station at 17, 19 and 21 °C. 

Increased numbers of larvae and postlarvae were recorded from Stonai.ca 
and Pelegrin at the same temperature at which increased number of eggs was 
recorded. However, larvae and postlarvae reached an absolute maximum at 
22°C tempeirnibure, art; whi1ch eg,g producti.0111 was very 1ow at both stations. On 
the contrary, the increases in numbers of larvae arid postlarvae at the Kaštela 
Bay Station occur at exactly the same temperatures at whdch maximum egg 
produchlon occurred (F,ig. 14). 
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Fig. 14. Distribution of anchovy planktonic stages du
ring spawning season in relation to tempe
rature 

Increased numbers of anchovy plank,tonic stages were also found within 
very wide salinity ranges. Th!us egg, larval and postlarval maxima were 
re.co.I'ded from Stončica within 37.80-38.200/oo and 38.60-38.990/oo salin,ity 
ranges. At Peleg,rin rthe.se figures were 37.00-37.200/oo, 37.80-38.000/oo and 
38.20- 38.400/oo for eggs and 37.20-37.400/oo and 38.00-38.200/oo for larvae. Higher 
number of pos,tlarvae was recorded from this station within 38.00- 38.400/oo 
salnity range and thei-r a,bso1ute maximum w1thin 38.60-38.800/oo salinilty range. 
At ,the Kaštela Bay Station larger numbers of eggs, larvae and postlarvae 
were recorded within 35.80-36.000/oo, 37.00-37.200/oo and 37.40-37.600/oo salinity 
ranges; an tncre.ased egg produc'bion was recorded within 37.80-38.000/oo salinity 
range as well (Fdg. 15). 
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This occurrence of ma:xli.mum anohovy egg production and maximum 
numbers of la,rvae and postlarvae within very wtide temperature and sa1inity 
ranges show that neither the 17-22°C temperatuTe range nar the 35.8-38.000/oo 
salinity range affect .significantly the anchovy spawning intensii.ty or the 
numbers of la:rvae and postlarvae. This ti.s indicative of the fact that tempe
rature and saliniity ranges which :may be taken as optimum far the repro
duction of this fish, are very wide. 
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Fig. 15. Distribution of anchovy planktonic stages du
ring spawning season in relation to salinity 

It was found that maximum nrumbers of all .of the anchovy planktonic 
stages ,ocour at the Kaštela Bay .Staition at the same temperature va1ues and 
at almost the same salinity values. On the oontrary, at Stončica and Pelegrin 
temperatures at which larval and postla,rval maxima occur are mainly higher 
than ,those at wh:ich egg maxima occur. The same may be app1ied to salinity 
ait Pelegriin station .(Figs. 14 and 15). This also tindicates that a large part of 
larvae arrlld postla['vae reoorded from these stamilQIThS aire 111,Q,t auto,chthonous. 

The relattonship between anchovy .egg production and larval and post
larval numbers and primary organic production in the study area was also 
studied. Continuous phy:toplankton produotion measurements were oarrned out 
rut Stončica and Kaštela Bay stations from 1962-1975 by Ste e ma n - N li e 1-
s e n C14 rndioaotive carbon method. * The 14-year monthly primary production 

* Data on primary production were obtained by courtesy of Dr Tereza Pucher
-Petković. 
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means (mg/c/m2day) at Stončica and Kaštela Bay stations were oompared to 
the long-term monthly means of anchovy egg produotion and lalI'val and 
postlarval numbers. It was found that curves of monthly primary produotion 
means for both starti.ons had essentially . the same form as the anchovy egg 
production ourves, bUJt that egg produotton maxima showed a phase lag of 
two months in relation to primary production maxii.rrla. Monthly mean numbers· 
of larvae at Stončica as well as those of lalI'vae and postlarvae .in the Kaštela 
Bay sho;wed similalI' d.risrtribution im re1aitiion to prinnary production (Fig. 16). 
Coefficients of correlation between monthly means of egg production and 
larval and postlarval nrumbers and respective prdmary production values with 
the negative phase lag of two months showed the following values: 

Eggs Larvae Postlarvae 

Stončica r 0.606 0.577 0.143 
P <0.1 n.s. n .s. 

Kaštela Bay r 0.629 0.578 0.489 
P <0.1 n.s. n.s. 

L 
Acco,rding to the usual interpretation of correlation coefficients all the 

obtained va1ues, except those for postlarvae f.rom Stončica, showed an actual 
sig,nificant oovrelation. However, only the relarttonship between egg produotion 
and primary prodruotion is s,tattlstica,lly significant for relatively low proba
bility level of not more ,than 90°fo. Yet, this probahi1ity level shows thart the 
es-tablished relationship can not be accidental. 

SfONČIC• 

:1 //~\J~;~ 
t:,.111~· ..--, -, oo 

a:x11 /(,,,s,c.u B-'Y 

-r-r-r-~~~~ 
I 1 J ~ 5 ' 1 9 9 l.:l li 1} 

"40 N f H ~ 

Fig. 16. Relationship between anchovy 
planktonic stages and primary 
production 

Anohovy plankton1c stages show s,imilar relation to the long-term mean 
zooplankton volume valrues obtained by sedimentation of each of the plankto
nic catches throughout ,the perood of investigations (Chapter 3). Seasonal egg 
production and larval srtage numbers distribution curves were found to be 
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similar to the zooplankton volume distdbution cu:rves with a phase lag of 
two months. Postlarvae from Stončica and Pelegrin, however, showed a three 
month lag (F.ig. 17). Ca1culation of correlation coefficients with two month 
lag, with the exception of the aforementioned larvae from the aforementioned 
stations gave the following results: 

Eggs 

Stončica r 0.672 
P <0.1 

Pelegrin r 0.864 
P <0.01 

Kaštela Bay r 0.202 
p n.s. 

Larvae 

0.718 
0.1 

0.654 
n.s. 

0.262 
n.s. 

Postlarvae 

0.256 
n.s. 

Rela,tively high correlation coeff.icients were ,obtained in eggs and larvae 
both in the open :sea (Stončica) and <i.n the channel area (Pelegcin). The 
,coefficient of correlation between anchovy egg production and zoorplankton 
quantity at Pelegrin ds statistically significant for very high sign.ificance level 
of 99.00/o·. On the contrary, the co-rrelation coeffiicients calculated for the 
Kaštela Bay statiion show no coITelation at all. 
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zooplankton volume 
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Relatively high and mostly statistically significant positive coefficents of 
-correlation beitween egg produotion and the number of anchovy larvae on the 
·one hand and primary production and zooplankton volume on the other, show 
that the anchovy spawniing intens1ity is closely connected wiith general pro
ductivity oonditions in the study area. A phase lag of two month shows that 
an intensive s,pawning probably follows and intensive feeding of adult anchovy 
<luring gonad maturation, which coincides w tth the most intensive organic 
production. 

The number of postlarvae, however, showed to coincide nei.ther wirth the 
p:r,imary production nor with the net zoorplankiton vol.ume. It may be assumed 
hat their number is also -affected by the qruantity of available f.ood. However, 
it will be later shown that they feed on neiither the phytoplankton nar the 
net plankton. 

Finally, monthly mean egg production was also compared to the monthly 
mean catch of the anchovy ,in the study area. It was attempted to examine 
to what extent m-ay the egg production be ari indicator of -adult fish presence. 

Fig. 18. Relationship between anchovy 
egg production and catch in the 
study area N0N fll$ 

--N EGUS 

CMCH 

Da-ta on anchovy catches were taken from the STATISTICKI BILTEN 
-SFRJ (Statis,tiical Bulletin SFRY-u for cattle-breeding and fisher•ies) for the 
1976 period. Egg production at Stončica was compared to the data on catches 
from the area of Vis; that at Pelegrm to the data on catches from Hvar; and 
that from the Kaštela Bay to these from .the Brač area (see F:ig. 1).* 

'~ Data on anchovy catches from the Split area were useless since our statistical 
bulletins do not comprise the records on fish catches from the areas in which they 
were actually caught. The records refer to the areas of the vessel's mother port. 
V essels of the principal fishing enterprise in the Split area operate (fishing of the 
small pelagic fish) mainly in the northern part of the central Adriatic - around the 
island Dugi otok (A. Krstulović, ►►Jadran« fishing and processing fish enterprise, 
Split - personal comunication). Fishermen kom the V,is Island f.ish mainly south 
from Vis and Biševo (M. Kučić - personal communication) and fishermen from the 
Hvar Island around the Hvar Island and somewhat less around Vis (F. Grubišić -
personal communication). Vessels of the ►►Sardina« factory from Postira, Brač Island 
fish mainly in the coastal area - Makarska, Brač Channel and in the vicinity of 
·Ciovo Island thus that their fishing records may be compared to the egg production 
in the Kaštela Bay. 
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It was found that anchovy catch maxii.ma from the Vis and Brač areas 
preceded the maX'ima of egg production at Stončica and Kaštela Bay for about 
a month. Maxima of catches from the Hvar area, however, occur a month later 
than the maximum egg product,ion (Fig. 18). Calculated correlation coefficents 
(Stončica - Vis/ a lag of a month d.n advance/ r = 0.723, P < 0.1; Pelegrin -
Hvari a la,g of a month retard/ r = 0.868; P < 0.2; Kaštela Bay - Brač/ a lag 
of a month J.n advance/ r = 0.570; P < 0.1) show that catch distribution ourves, 
which may be indicators of the ,presence of larger adult anchovy schools, and 
the egg production curves, which are indicators of the spaw1rning intensity, 
coincide. Judging, however, from the oorrelation between maxfan1l!!n caitch 
and egg production it seems that anchovy catch decreases with an increase 
din the spawning intensity. Thiis could mean ithat at the ,time of the most 
i111tenmve reproduotive activity a change dn the behaviour of this fish takes 
p1ace, whlch 11s lilkely to affect the reducbion od' catch even thou,gh fiish aire 
present in rather high quantii,ties. 

Discussion 

Data on season1al distributio11 of anchovy eggs production an the open 
sea (Stončica) and channel area (Pelegdn) do not esentially differ from the 
earlier findings (V u četi ć, 1971; R e g ne r, 1972), after which :the largest 
numbers of anchovy eggs were also recorded from these stations in June. In 
the coastal area (Kaštela Bay), however, absolute maxdan,um of egg production 
was found to occur in August whereas the ear1ier papers for the 1959-1969 
period (Vuče ti ć, 1971) and 1968 and 1969, (R e g ne r, 1972) showed that 
the largest number of eggs were also recorded from this station in June. Some 
eoological changes, recently observed m the Kaštela Bay, may be the reason 
for these dd.f'ferences in the time of occu11rence of maxima. Lt was found, 
however, that ,up to the year 1967, seasonal ,phy.toplankton cycle on this station 
showed the phases of winter and spring bloom and summer-autumn stagnation, 
s:imilar to those at the o,pen sea. In the 1968-1972 period, however and adda
tJ.onal summer phytoplankton maximum was recorded ,in August as we11 as: 
a considerable increase !in phytoplankton densi.ty at this station (P u c h e r -
Pet kov J. ć, 1975). P u ch e r - Pet kov i ć held this phenomenon to be the 
-result of the d.ntensified nutrient inflows, par,ticulady those of phosphates, 
due ,to the increased organic poUution in the Split area. Thus it is possible 
that these changes caused the change ,in the anchovy spawning dynamics in 
this area which was found to coincide with the phytoplankiton primary 
production (Fig. 16). 

On the other hand, later occurrence !Of egg produotion max,ima in the 
Kaštela Bay may be due to the fact that yournger anchovy are present there. 
It is well known, however, that younger fish spawn later that the older ones 
and that, as a rule, produce smaller eggs (Ni ko 1 s ki i, 1963). Mu ž ini ć 
(1956 and 1972) ,reported anchovy fro,m the open sea to exceed in size .the 
anchovy from the coastal area. On the bas,is of this author findings and the 
fact that rthe eggs from the Kaštela Bay were smaller ithan ,those from the 
open sea plankton ,it was assumed (R e g ne r, 1973) that prevalenty smaller 
and younger anchovy inhabited the Kaštela Bay. This assumption was supp-
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orted by S ino v č i ć (1978) who found that the length of anchovy from 
around this Vas and Biševo islands ranged from 14.9-16.8 cm and that of 
the anchovy from the Kaštela Bay from 11.0-15.1 cm. 

Stud:ies of the correfa.tion between anchovy egg prod:uction and larva} 
and postlarva1 numbers, and temperature and salinity showed that anchovy 
spawned v/i.thln very w,ide ranges of both of these factors. This suppo:rts the 
Dem i r' s repo11t (1965) that neither salinity nor ,temperature are the factors 
limiting anchovy distr.ibution in the Mediterranean. 

The occurrence of high anchovy egg prnduction and high numbers of their 
larvae at different temperature and salinity values (Figs. 14 and 15) on the 
one hand and very good agreement of egg prod:uction and larval numbers 
and seasonal variations of phytoplankton primary production and zooplankton 
volume (Figs. 16 and 17) on the other hand, have led us to conclude that the 
anchovy spawning rintensity in the study area is affected more by the biotic 
environmental factors than by the abiotic ones. 

Goncl!d development in many fishes li.s known to be connected with the 
quantity of available food. It .is, as well, known that the spawning time and 
area are the result of an adaptahon which should provide as favourable 
environmental conditions as possible for ,egg and larval stages development 
(Ni ko 1 s k ,i i, 1963). Accordingly, .good agreement of anchovy egg produotion 
and larval number with .primary production and zooplankton volume is one 
of these adaptations. The beginning of maturation is very likely oonnected 
with the intens.ive anchovy feeding during maxirnum organic ,production lin 
this area. Andreu and Rodr ,igez-Roda (1951) reported that the 
beginning ,of gonad mat:uration ,in anchovy from the western Mediterranean 
fell in March, whereas a larger number of individuals with ripe gonads 
occurred in June. This coincides with the phase lag of two months we recorded 
in our study area. The fact that coefflicients of correlation between anchovy 
egg production and vo:lume of zao.plankton, on which adult anchovy feed, 
exceed ,the coefficients of correlation between egg production and primary 
production indicates that the spawning :intensity dynamics is closely connected 
with the adult anchovy feeding. Low coefficients of correlation between egg 
prnduction and larval number and zooplankton v,olrume were obtained for the 
Kaštela Bay Station. One possiible explanation are monthly differences in 
planktonic community composition between the coastal area and more offshore 
areas. Namely, while in August and September copepods are responsible for 
the high zooplankton numbers at Stončica and Pelegrin , Pyllopoda are most 
Il!Uffieros in the Kaštela Bay (R e g ne r, D., personal communication). 

Relationship between anchovy egg quantity dn ,the plank,ton and zooplank
ton dry weight and lliUmber of phytoplanMon ceHs respectively were studied 
by Vuče ti ć (1975) dn the same area. This author as well found that anchovy 
egg quantity fairly agreed wirth the mentioned parameters. In observing the 
relationship between anchovy egg q:uanti;ty in the plankton and ,individua! 
zooplankton groups, this author found best agreement with the quanti•ties of 
copepod Euchaeta hebes and decapod developmental stages. According to 
Dem i r (1965), F age (1911) found that adult anchovy fed on copepods, 
mysdids and crustaceam. devefo;pmentiail. srtaiges from co,astal al!',eas. 

Subseqruently, the results obtained broadly agree with some earlier records 
whdch show that in the study area seasonal distribution of echo trace abun-
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<lance of small pelagic fish on echog,rams coincides with the seasonal zooplank
ton biomass distribution (Vuče ti ć and Ka ča. ć , 1973). 

As disrtinct from anchovy egg production and larval number, which in 
fact reflect the reproductive activity of sexually mature anchovy, it is apparent 
and shown by Figs. 16 and 17, as well as by ,calculated correlation coefficients, 
that postlarval number coincides wlith neither the prima·ry production nor 
zooplankton volume. 

Feeding of anchovy postlarvae, from the yolk sac absorption to the length 
of 12 mm, have already been rather iintensrively studied. It was es,tablished 
that, dependently on length, postlarvae fed on copepod eggs, nauplii, meta
naiuplii and copepodites, that ris mainly on copepod developmental stages 
(D u ka 1961, and 1963; Pa v 1 o s ka y a, 1964; R e g ne r, 1971). Phyto
plankton was rarely found in the guts of anchovy postlarvae (D u ka, 1961; 
R e g ne r, 1971). It is held that anchovy postlarvae feed only occasionaHy 
on phytoplankton. S.ubsequently, food composition was found to be constant 
even though the number of respective food constdtuents was deoreasing. On 
thi:s basis its was ooncluded that thei:r feed:img selectivity was low 1(P a v 1 o v
s ka y a , 1964). Lt may, ,therefore, be concluded that, if predators are excluded, 
anchovy postlarval numbers and s.urvival are .to the largest extent nffected 
by the availability of copepod developmental stages. Quantitative variations 
of the youngest develo.pmental stages of copepods in the cenitral Adriatic are 
for the time being practically unknown. Therefore, the collection of data on 
this matter should be one of the principal a.ims of further investigations. 

A comparison of •the distribution of anchovy egg production by months to 
anchovy catches in the study area showed that the catch curves and egg 
production curves were very similar in form (Fig. 18). On this basis it may 
be conc1uded that egg production ,is, to a considerable extent, a refleotion 
of the presence of anchovy schools in the study area. A n d r e u and R o d r d.
g e z - R o da (1951) arrived at a similar conclusion study,ing anchovy spawning 
in the western Mediterranean. Judgling from the maximum catch preceding 
egg production maxima at Stončica and Kaštela Bay stations and/or lagging 
behind them at Pelegrin, it appears that a change in fish behaviour takes 
place, which affects the reduction of catch at that time. After Me r k e r and 
V u j o ševi ć (1972), Rij a v e c (1966) r eported srimilar phenomenon stu
dying anchovy spawnung in ,the Bay of Boka Kcotorska. According to this 
author's data anchovy maximum catch comes about a month Jater than 
maximum number of eggs occurs in the plankton. Anyhow, the cause of this 
phenomenon should be examined ,tn more detail. 

Conclusions 

1. The anchovy spawning in the study area Is accepted as ocoupying the 
period (March) Apr.il to October (November). Larvae and postlarvae were, 
as a rule, recorded fr.om rthe plankton over a sho11ter period. 

2. Egg produotion reaches the maximum at the open sea (Stončica) and 
in the channel area (Pelegrin) ,in June, and in the coastal area (Kaštela Bay) 
in Jrune and August. 

3. An approximately the same egg quantity is produced in the open sea 
and Jn .the coa.stal area dur.ing the spawning season. Egg quantity produced 
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in the channel area is half that in these two areas. The conditions lin the 
channel area seem to be somewhat less favourable for spawning. 

4. The time when anchovy larvae and postlarvae reach maxirnum numbers 
in the plankton, in faot coincides w:ith the time of the most inten:sive egg 
production. The deviati,ons from this relati-onshdp recorded at Stončica and 
Pelegrin are indicative of the immigration of particularly postlarvae, to these 
areas due to current transport. 

5. Absolute maxima of anchovy postlarvae were recorded from all of the 
stat:ions dn A'Llgust. Judging from the resuHant current directlicons :in the 
s.ummer m onths it may be concluded tha!t a large proport ion of pos•tlarvae 
recorded from Stonoica and Pelegrin at that time came from the coastal area. 

6. Anchovy planktonic stages occur in the plankton of the study area 
w1thin 13.15-23.85°C temperature range. As distinct from temperature, 
anchovy planktonic stages occur ait considerably higher salinity vialues (35.41-
38.90%0) in the apen sea and the channel area than ,in the coastal area (34.91-
38.09%0). It seems, hawever, rtha,t wiilthiin the mentio111ed ranges, neilther tempe
rature nar sa1inity affect s ignifacant1y the anchovy spawning intensity. 

7. Anchovy egg pr.oduction intensity, and therefore also anchovy larvae, 
are jncJ.irectly affected by annual va!l'.'iatians af phytaplanktan .primary pro
duotian, probably through the quanti:ty af zooplankton on which .adult anchovy 
feed. Anchovy egg productdon and Iarval number maxima occur ;up to about 
two months later than primary produotion and zooplankton volume maxima. 

8. The seasonal distribution af .pastlarvae -is not 'in agreement with the 
seasonal variations of examined biotic faotors. It may be assumed that the 
number af postlarvae could be dependent ,on the quantity af develapmental 
stages of copepods, whdch after the available data , are principal constituent 
of the food of anchovy postlarvae. 

9. Judging from the relationship between anchovy catch variatians iin the 
study .area and the:ir egg production, the egg praduction ,inten sity is a good 
indicator of the adulit fish presence. It seems, however, that during the most 
lintensive reproductive aotiv,ity, anchovy are diffioultly caught, rather inace
ssible. 

4.4. LONG-TERM FLUCTUATIONS OF ANCHOVY 
PLANKTONIC STAGES 

Annual means .of anchavy egg .produc1Jion, cammon mean numbers af the· 
oldest pastlarvae of P3 and P„ length groups and annual means af posUarva l 
mortality coefficents (Table 4.2.7) were used far :the analysis of lang-term 
fluctuatians of anchovy planktonic stages. Annual mean numbers of postlarvae 
af two aldest leng.th groups from the Kaštela Bay were not considered since 
pas.tlarvae af Pt, group were never recorded there. Therefore, annual means 
af pastlarvae af all af the leng,th groups were used far the analysis af 
fluctua,tians in :the nrumbers of pastlarvae at this station. Accordingly, the 
data on postlarvae from the Kaš.tela Bay are nat full comparable with those 
from Stančica and Pelegrdn statians. 

In chaosing the parameters far the analysis af lang-term fluctua
tians of ancho;yy planktonic stages it was assumed that annual mean egg_ 
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production was a reflection of the presence, quantity, and reproductive .poten
tial of adult fish, that the nrumber of older postlarvae was, to a larger extent, 
0Jil :ilnd~cafoi: of the »success« of reproductiion, and thait cail.culated mo-rtail.ity 
coefficients might be taken as a result of a number of fastors affecting 
survival. Variations in larval nurnbers were not taken into account since it 
was shown in the preceding chapter that fueir number were directly propor
t~onal to egg producti-on. 

Fef,teen-year series of da.ta (1962-1976) on fluctuations of these para
·meters were available for Stončica and Pelegrin and the nine year ones for 
the Kaštela Bay. Long-term fluctua,tions of some abiotic and biot,ic factors 
were also observed. Observations of abiotic factors included the varia,tions 
in mean annual temperature and salinity va1ues for through water column 
from surface to bottom at all of the studied stations. The fo11owing biotic 
factors were observed: long term variat~ons in pr,imary gross phytoplankton 
production art Stončica and Kaštela Bay s:ta'tions expressed as grams of pro
duced carbon under a square metre* per year and variatiions of annual mean 
values of zoo.plankrton vo1rume expressed in cubic centimetres per square 
metre for all three stations. In addition, variations in mean annual cakhes 
of anchovy from the aJ"eas of Vis, Hvar and Brač 1islands were also observed. 

Table 4.4.1. Standard deviation and variability coefficients of annual mean egg 
production, numbers and mortality coefficients of postl~vae as well as 
for some abiotic and biotic factors in the study area (X= mean value; 
± s = standard deviation; V = variability coefficient) 

Parameter 

N eggs/m3/day 

·N postlarvae/m 2/day 

·m 

'Temperature 

'Salinity 

"Primary production 

Station 

Stončica 
Pelegrin 
Kaštela Bay 

Stončica 
Pelegrin 
Kaštela Bay 

Stončica 
Pelegrin 
Kaštela Bay 

Stončica 
Pelegrin 
Kaštela Bay 

Stončica 
Pelegrin 
Kaštela Bay 

Stončica 
Kaštela Bay 

·volume of zooplankton Stončica 
Pelegrin 
Kaštela Bay 

X 

15.59 
7.65 

17.37 

0.039 
0.059 
0.19 

0.3470 
0.2736 
0.4006 

16.22 
16.15 
15.95 

38.42 
38.20 
36.97 

57.59 
165.14 

20.32 
20.23 
11 .62 

±s 
6.75 
6.33 

13.34 

0.0338 
0.0451 
0.223 

0.1183 
0.1042 
0.1791 

0.27 
0.34 
0.31 

0.12 
0.14 
0.28 

12.84 
47.31 

3.46 
5.89 
3.02 

V 

43 .3 
82.7 
76.8 

85.93 
75.65 

114.57 

34.10 
38.08 
44.71 

1.65 
2.13 
1.92 

0.31 
0.35 
0.76 

22.29 
28.65 

17.04 
29.10 
25.96 

* Data on annual gross phytoplankton primary production far the 1962- 1970 
period were taken from the paper by Z o r e - A r m a n d a, P u c h e r - P e t k o v i ć 
·and Ka č i ć (1970) and far the 1971-1975 period were obtained by courtesy of Dr 
'Tereza P u c h e r - P e t k o v i ć. 
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Annual means of anchovy egg production, numbers of older postlarvae 
and mortality coefficients were found to vary considerably at all -of the stations 
(Figs. 19-21a). ObVJi.ously, as shown by the f~gures , variation ranges of the 
observed :parameters cliffer kom one s,tation to another. Standard devia,tions 
and variiabilirty coefficienrts of analysed anchovy parameters were calculated 
to establish at which of the station these viariations were highest. For the sake 
of oomparison the same was calculated for all abiotic and biotic factors we 
had available (Table 4.4.1) . 
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Judging from the calculated standard deviatiions and variability coeffi
ai.en,ts, ranges of long-term varliations in numbers of anchovy plank:tonic 
stages and postlarval mortaJity coeff.ioients show rather regular increase going 
from the open sea onshore (Table 4.4.1) . Similar regularity was recorded in 
temperaltiure, salinity, primary produotion and zo.oplankton volume variat,ions. 
On this basis it may be concluded that long-term variat:ions in egg productfon 
on the one hand and the numbers and survivail of postlarvae on the other, 
are, to a ilarger extent, dependent on the fluctuations of abiotic and biotic 
enVlironmental factors which are more pronounced .in the coastal area than 
!i.n the open sea. 

Subseq,uently, to establish whether long-term f1uctuations of egg produ
ction, postlarval numbers and mortalirty coeffiai.ents colincide (intime) or show 

, a phase lag, the method of cross-correlation was a,pplied. This method consists 
of lagging one data series in relation to another one and of calculating 
the correlation coefficients for every lag. In this case the series of data on 
postlarval numbers and mortality coeff.ioients were lagged in relation ,to the 
series of data on egg production for p = ± 3 years. 

Mortality coefficient data were lagged the same way in relation to the 
postlarrval numbers data. Cross-covrelarti.ons were calculated separately' far 
each of the station (Table 4.4.2) . 

Calcuiarted cross-correlation values showed that in the open sea (Stonoi.ca) 
variations of all of :the studied parameters of anchovy planktonic stages 
coincided, s,ince the highest and statistically significant correlation coefficients 
were obtained for the lag ,p = O (Table 4.4.2) . Positive coeffd.oient of -correlati,on 
beitween anchovy egg production and numbers of postlarvae at Stonoi.ca shows 
that environmenal concbtions favourable for an iintensive anchovy reproduction 
are at ,the same trune favourable for postlarval survival. This was proved by 
negative coefficient of cor,r,elation obtained between egg production and post
larvaI numbers on the one hand and mor,ta-1ity coef:fiicients on the o,ther, which 
showed that during rather intensive ,anchovy reprodruction postlarval mortality 
was deoreased. 

Lt was found iin the channel area (Pelegrin) that fluctuations of postlarvae 
nmnber lagged behind egg prnduction flll.lctuations far two years whi1e mor.ta
lity coefficient variations preceded egg produotion variations for one year, thelir 
covrelatlion, however, being positive (Table 4.4.2) . No statistica1ly signifocant 
oorrela'bion coefficients were obta,ined between numbers of postlarvae and 
their mor.tality coefficients at Pelegrin. The one possible explanation of ,the 
disparity between anchovy egg production variations and indicators of post
la:rval survival at this stations may be, that, as shown in the cha:pters on 
mortality and seasonal cbstriburtion, the posrtlarvae are not autochtonous in 
the channel area but ,probably transpor,ted there by currents from either the 
coastal area or open sea. 

Fluotuations of anchovy egg production and postlarval mortalit y coefficients 
in the ooastal area (Kaštela Bay) were found to coincide. It was also found 
that during a rat her ,intensive egg production postlarval mor.taliity decreased. 
It was, however, shown that variat,ions in numbers of postlarvae preceded 
egg production variations at this station far two y,ears. No statistli.cally signi
ficant correlation coefficients were obtained between the p ostlarval number 
flll.lctua,tions and mortahty coefficients. Data on postlarvae from the Kaštela 
Bay are not comparab'le to those from Stončica and Pelegrin. 



Table 4.4.2. Cross correlations of studied parameters of anchovy from the study area 

Station Param eter -3 -2 -1 

Stončica eggs : postlarvae r -0.518 0.367 -0.129 
P< - - -

eggs: m r 0.312 -0.127 -0.113 
P< - - -

postlarvae: m r 0.031 -0.243 -0.152 

P< - - -

Pelegrin eggs: postlarvae r 0.017 -0.273 -0.156 

P< - - -
eggs: m r 0.118 -0.436 0.510 

P< - - 0.1 

postlarvae : m r 0.110 -0.056 -0.188 

P< 

Kaštela Bay eggs : postlarvae r 0.019 0.714 -0.047 
P< - 0.1 

eggs : m r 0.019 0.720 0.617 
P< - - 0.1 

postlarvae: m r -0.163 0.141 0.042 
P< 

lag (years) 
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The fact that the largest number of couela.tion coeff.icients sigruificant 
for the significance levels exceeding 950/o were obtained for the lag p = O 
may indicate that simultaneous occurrences of the long-term variations in egg 
production, numbers of postlarvae and their mor-tali.ty coefficienits occur 
simultaneously if smaller areas are considered. Phase lag recorded for Pelegrin 
is probably due to the immigration of postlarvae. Low correlation coefficients 
obtained for the postlarvae from the Kaštela Bay Station may be, to a certain 
extent, accounted for by the fact that their numbers recorded there were 
always small. This may iprobably be the result of the emigration of postlarvae 
due to the prevail!ing outgo:ing current in this area. 

Long-term fluctruattons of anchovy egg productl.ion were found t;-~;1;;'.~i.~ 
ait Stončica and Pelegri.n (r = 0.558; P < 0.05) . On the contrary, negative and 
not starbi,stica1y si:glI'lliifioam.t co1rre1ruti.ton (r = -0.336) was olhtained between 
long-term f1uctuations of egg .production at Stončica and ,those in the Kaštela 
Bay. Acoordingly, egg prndruction in the o.pen sea seems to alternate w:ith that 
in the coas.tal area, since production maxima in the open sea coincide with the 
minima in the coasta.l area and opposite. To test this, the cross-correlation 
between the data on egg production in these two areas was also calculated 
for rthe lags p = ± 3 (Table 4.4.3). 

Table 4.4.3. Cross-correlation between annual mean egg production at Stončica 
Station (open sea) and Kaštela Bay (coastal area) 

p (years) - 3 - 2 -1 o +1 +2 +3 

r 0.389 -0.120 -0.043 -0.336 -0.448 0.501 0.228 
P< 0.1 

The highest correlation coefficient, significant for the 900/o level, was 
obtained for the lag p = + 2 (Table 4.4.3). This shows that periodical vaniations 
in anchovy egg productfon ~n the Kaštela Bay lag behind those at Stončica 
for two years. To examine whether this was -due to some phase differences 
in ecological faotor varaat:ions, cross-correlations of long-term variations in 
temperature, saliruity, .primary prodruction and zooplankton volume between 
Stončica and Kaštela Bay were calcuJated as well as cross-correlat:ions of 
annaul mean anchovy cakhes between Vis and Brač .islands areas for lags 
p = + 3 years (Table 4.4.4). 

As shown by the Table 4.4.4. all examined abiotic and biotic fact-ors, 
with the exception of primary .production, show the highest and statistically 
sigrn:fiicant correlation coefficients for the lag p = O. This means that ,their 
variati-ons coincide at both stations. Accordingly, phase difference in anchovy 
egg production establii.shed between coastal area and open sea are held not 
be due to variations of these factors . As distinct from them, annual mean 
anchovy ca1tches iin the coastal aTea show a phase lag of one yeair m re1aition 
to those in the open sea. On this basiis it may be assumed that a phase lag 
of egg ,prodruction intens-ity 1s due to rthe peculiarity of adult anchovy d.istri
bution in the study area. Namely, as it has already been brought out 
in the preceding chapter it seems that smaller and younger anchovy 
predominate in the coastal area. Older and larger anchovy, however, are 



S. Regner 
Ecology of planl<tonic stages of the anchovy 
Acta Adriat., 26 (1): 5-113 (1985) 

87 

dominant in the open sea. Therefore, it is quite poss!i.ble that in the years of 
more lintensive and more successful spawning of the anchovy in the open sea, 
more numerous postlarvae are generated which after metamorphosis come 
to the coastal area. Increased egg production in the coastal area with 
the two year phase lag may be the result of s:pawning .of these stronger 
generations of recruit-spawners. Two-year phase lag found for anchovy egg 
productlion in the coastal area agree broadly with the phase lag showed by 
numbers of postlarvae in relation to egg production at Pelegrin (Table 4.4.2). 
Obvi01Usly, fluctuati.ons of postlarvae at Pelegrin coincide w!i.th the variations 
in egg ,production intensity at the Kaštela Bay Station (r = 0.410, non signi
ficant). This is another proof that at least a part of postlarvae recorded from 
Pelegrin originate from the coastal area. 

Table 4.4.4. Cross correla tions between annual means of some abiotic and biotic 
factors as well as between annual mean anchovy catches in the open 
sea and those in the coastal area 

p (years) - 3 -2 -1 o +1 +2 +3 

Temperature r 0.402 0.336 -0.001 0.761 0.153 -0.042 0.590 --
P< O.ol 0.05 

Salinity r -0.248 0.200 0.294 0.600 -0.357 -0.458 -0.357 
---

P< 0.02 

Primary r - 0.328 -0.191 -0.001 0.067 0.049 0.026 0.042 
production P< 

Volume of r 0.760 0.747 0.401 0.844 0.435 0.587 0.316 

zooplankton P< 0.01 

Anchovy r -0.200 0.165 0.007 0.365 0.579 0.248 0.159 --
catch P< 0.05 

The regularity of increase of standard deviations and variability coeffi
cients of am.alysed pairametoos goliing froim ithe qpen sea cmshore (Taible 
4.4.1 -) shows that 1ong-term fluotuattons in anchovy plaktorni.c stages and those 
1n abiotic and biotic environmenta,l factors are correlated. At ithe same time 
curves of long-term variations of ali the parameter.s show similarHy (Figs. 
19-21; A-D). They, however, show neither any regular overlapping nor 
regular phase lag. Therefore the method of s:pectral analysis was applii.ed to 
examine preci.sely whether there is any causality between them. This method 
cons:ists ,of decomposing of to.me seni.es variance into the components of basic 
foequencies. 

After R a 1 sto n and W ,i 1 f (1960) ,if the data in a time ser,ies are given 
as the deviations around their mean expressed as ,a seri-es of pos1tive and 
negative deviations from zero, the function of their aUJtocovaniance may be 
calculated accord!ing to the equation: 
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w (p) = ---.2 xi· x (4.4.1), 
N-p i +P 

i=l 

where WrvJ is the autocovariance, N tota,l number of da.ta and p time lag. 
To make the plotting easier, a:utooorrelatfon functions were calculated 

from the autocovariance function according to the equation: 

WrPl 
r (Pl =--

S 2 
X 

(4.4.2), 

where T(pJ is the autocorrelatrion function and Sx2 vaniance. The variance for 
p = O was used in this paper to caloulate ,the autocorrelation values for any 
of the p values. 

Further, from the aiurtocovariance function and on the basis of F o u r i e r 
transformation for a limited time interval it ,is ipossible to calculate sta.tishlcal 
eva1uation of spectral density after the equation: 

M-1 qpn 
LP = W O + 2 .2 W O cos -- + W M cos pn (4.4.3), 

q=l M 

where L11 iis the spectral density, W0 , W1 .... . W,,, the autocovariance values 
calcularted from the equation (4.4.1) and M maximum p time lag. 

Spectra,l density v,a~ues caJ.cu1ated on the ibasiils 01f the equait1on .(4.4.3) were 
filtered lby the Ham mi n g' s failter , thus that: 

Uv = 0.23 L + 0.54 Ln + 0.23 L (4.4.4) . 
p-l p+l 

Period to which .the determ,ined values of s,peotral density belong as oalculated 
on ,the basis of the equation (4.4.3) by ,the expression: 

2M 
t=-

p 

where t ,is the time in years. 

(4.4.5), 

For the analysis of our time series max,imrum lag (M) was defined as: 

M=N-3 

where N Js the total number of data. 

(4.4.6), 

Time series of anchovy egg produotion, postlarval numbers, annuaJ mean 
mortality ooef.ficients, temperature, salinity, zooplankton volume, primary 
productioin aind aoh()IVY' •caitches were analysed in the aiboive memone d manner. 
A series of fifteen data was available for each of the parameters (from 1962-
-1976) except for primary produotion for which we ,had a ser,ies of fourteen 
data (from 1962-1975). After the criterion (4.4.6) M is 11 years for pr,imary 



S. Regner 
Ecology of planktonic stages of the anchovy 
Acta Adriat., 26 (1): 5-113 (1985) 

-1 

NUMBER OF f'OSTLARVAE 

_, 

-1 

O 1 2 3 , S &" 7 8 9 10 11 12 

p r ycor, l 

'lipi 

-1 

PRIMARY PROOUCTION 

-1 

ANCHOVY CATCH 

0123456 

STONČ1C,\ 

PELEGRIN 

kAŠTELA BAY 

p I ycars) 

8 9 10 li 12 

Fig. 22. Autocorrelation functions 

89, 



s. Reg.ner 
Ecology of planl<tonic stages of the anchovy 

Acta Adriat., 26 ('.>: 5-113 (19a,·. 

production and 12 years for other parameters. We should, however, empha
size, that the results obtained are not statistically significant owing to 
relatively small number of data and high M values. Data on parameters 
of anchovy planMonic stages and zooplankton volume oould not be analysed 
by this method for the Kaštela Bay Station since they compriised a series 
not exceeding nine years (1968-1976). 

As indicated by the calculated autocorrelartion function all of the analysed 
parameters show the .periods of 2-3, 5-7 and 9-11 years (F-ig. 22). It is 
also apparent that the same .parameters in different areas as well as different 
parameters in the same areas show t he differences in periods of 1-2 years 
as well as the diifferences in prominence of 1individual perfods. However, 
ow,ipg to the too small number of analysed data ,it is difficult to say whether 
these differences are the real ones, or due to the metodical error. In any case, 
neve11theless the 1nu1mber of ainalysed data was Taither scrnalhl, it may be oon
cluded that pedods obtaiined for all of the parameters show surpris.ingly good 
agreement. 

Distribution of densirty spectra, given in Flig. 23, shows that, as a rule, 
t he amp1itudes of short (2-3 year) and long (8-12 year) periods exceed those 
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of the medlium ones (5-7 years). Subsequently it was shown that the curves 
of spectral distribution of aH of the parameters were s.i.milar in form. 

After the results obtained, long-term variations of all the observed para
meters are in fact the resultant of superimposed periods, both the short-term 
ones wi,th 2-3 year freq.uency and the long-term one.s with the most probable 
frequency of 9-11 years. The prominence of these periods depends on the 
ratio of thei:r amplitudes and their mutual su,peiiposition. Similarity between 
a.utocorrelation functio:ns and spectral densi•ty of all the parameters is indi
ca,tive of the fact that they show causality, that is, that periodical variations 
,in anchovy egg production, postlarval numbers and mortality lin the study 
a,rea are either d!irectly or indirectly d,ependent on the periodical changes of 
abio.tic and biotic environmental factors. 

Spectral analysis could give neither the numerical representatđ.on of the 
correlation between individua! ,parameters nor show whether they coincided 
or differed in phase. To exa.mine this, cross-correlations between data series 
on anchovy planktonic s:tages and temperature, saHnity, primary production 
and zooplankiton volume for the ,lags p = ± 3 years were calculated for each 
separate s,ta·tion. However, these caiJ.culations gave low and non significant 
correlation coefficients for all the parameters at all the stations. Accordlingly, 
the results obtained by the cross-correlation method do not, at the first sight, 
prove the correlation between the variations of ecological factors in the sea 
and anchovy planktonic stages fluctuations obtained by spectral analysis. 

1t may, however, be assumed that the correlation between anchovy egg 
product:ion and postlarval numbers and survival, and variations of environ
metal faotors is very complex. Data on primary production and zooplankton 
volume were obtained by the measurements of the total producbion of organic 
matter, that is of the total volume .of a large number of ecologically different 
species. Therefore it may be ass1Umed that phyto- and zo.oplankton groups 
o,r s,pecies would respond differently ;to annual vaniations of abiotic and bliotiic 
envjironmentaO. fa:ctors . Siince anchovy eg,g productiioin lils in olose conneotiion 
wđ.th the feeding conditlions and age structure of adult fish, and :numbers and 
survival of anchovy postlarvae with the availahility of adequaite food and 
presence of predators, i:t may be e~pected that some peculiar changes in 
indiividual groups or species of phy,to- and zooplankton will cause peouliar 
changes lin production and survival of anchovy planktonic stages. This may 
result ,in that planktonic stages maIDma sometimes occur earlier, sometimes 
later, and oometime; colincide w.iroh the maJci!ma of eoolog.iicaO. amd b:iiO'tic faotors 
as shown by Figs. 19-22, (A___.q_ This seems to be particularly marked if 
shor,t-term peraods of 2-3 years are taken ;i,nto account in correlation calou
lations. Therefore, to examine whether this correlatđ.on is better marked m 
medtum and long-term periods as shown by speotral analysis (5-7 and 9-11 
years) it was necessary to fund a way out to eliminate shor,t periods. This 
was done by »running mean« method. 

By thi1S methad every val!ue of any od' the p,a,rairneters ,( X _;) is ,gi ven as a 
mean va-lue of three successive years acoordtng to the expressi0n: 

x , - 1 + X; + xi + 1 

Xs=---------
3 

where Xi as the actual value for itll year. 

(4.4. 7), 
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Running means were calculated for all data series and their correlation 
caiculated taking tinto account only medium and long-term periods. Cross- corre
lations were recalculated giv,ing only tho:se lags for which the highest corre
lation coef:ficients were obtaiined. Comparisons carried out by this method 
gave consi.derably better results. 

Thus the result'S obtained showed that anchovy egg production increased 
with the increase :i.n temperature, salini,ty and phytoplankton primary pro
duction, both in ithe open sea and channel area (Table 4.4.5) . The only exception 
was recorded fo:r the oorrelation between egg product:i.on and zooplankton 
volume at Pelegrin for which the caloulated correlation coeffilcient was 
negative. 

Table 4.4.5. Correlation between long-term fluctuations of anchovy egg production 
and long-term variations of abiotic and biotic environmental factors 
(*Egg production at Pelegrin was compared to primary production at 
Stončica) 

Parameter Station r p p Y = a+bx 

Temperature Stončica 0.525 0.1 +1 Y = -21.001 + 2.329 T 
Pelegrin 0.384 o 
Kaštela Bay 0.410 +1 

Salinity Stončica 0.613 0.05 o Y = -1422.977 + 37.452 S 
Pelegrin 0.486 0.1 o Y= -641.976 + 16.983 S 
Kaštela Bay -0.564 o 

Primary Stončica 0.577 0.05 +1 Y= -6.933 + 0.397 Pp 
production Pelegrin* 0.661 0.05 +1 Y = -12,301 + 0.328 Pv 

Kaštela Bay -0.087 o 
Volume of Stončica 0.231 +1 
zooplankton Pelegrin -0.512 +1 

Kaštela Bay 0.544 +1 

Subseq,uently, anchovy egg production showed a phase lag behind all the 
parameters except salinity. In the coastal area, however, the corre1a1Ji.on 
between anchovy egg production and envir-onmental changes is not so regula,r. 
Namely, it was found that in the Kaštela Bay egg production increased w1th 
temperature and zooplankton volume increase, and decreased with salinity 
an:d .primary production increase, irrespective of the fact that non of the 
negative correlation coeffioients was statisticaUy significant. 

Sirnilar characterli.stics were recorded for the correla:b.ion between numbers 
of the oldest postlarvae and abiotic factors . Thus postlarval numbers were 
found to increase wdth the Jncrease of all the abiotic and biotic environmental 
faotors both in the o.pen sea and channel area, with the only exception of 
primary production at Pelegrin (Table 4.4.6). Varđ.ations im. postlarval nurnbers 
were also found either to co,incide or to lag a year behing enviironmental 
changes. 
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Table 4.4.6. Correlation between long-term fluctuations of anchovy postlarval num-
bers and biotic and abiotic environmental factors (*Numbers of postlarvae 
at Pelegrin were compared to primary production at Stončica) 

Parameter Station r p p Y = a+tx 

Temperature Stončica 0.187 +1 
Pelegrin 0.723 0.01 +1 Y = -1.189 + 0.077 T 
Kaštela Bay 0.953 0.01 +1 Y = -24.159 + 1.536 T 

Sa linity Stončica 0.499 0.01 +1 Y = --4.082 + 0.107 S 
Pelegrin 0.413 o 
Kaštela Bay -0.926 0.01 o Y = 27.685 - 0.743 S 

Primary Stončica 0.210 +1 
production Pelegrin* -0.239 o 

Kaštela Bay - 0.333 o 
Volume of Stončica 0.108 o 
zooplankton Pelegrin 0.419 o 

Kaštela Bay 0.889 0.01 o Y = 0.600 + 0.069 v„ 

In the coa:stal area, the dependence between numbers of postlarvae and 
env-ironmental changes was not so regufar as dn the open sea and channel 
airea. Namely, whereas numbers of ipootlairvae in the Kaštel:a Bay were cliilrecbly 
proportional to temperature and zooplankton vo'lume they showed negative 
correlatlioin with s,alinlity and primary production. However, cocrelatiolil coef
f:kien,t calculated for sail:in:lirty is s:iJg·ruiifiiranit far the high ,prO'balbii1ity level. 

lnvestigatlons of the C:Orrefaitio,n between morta1ity coeff.icients and envi-
rnnmental changes showed that postlarval mortaltity deoreased w:ith the incre
ase in values of abiotic and bio,tic env-ir-onmental factl{)lrs bo;th in:l the open 
sea and channel area. In the coastal a,rea, however, it decreased ,in relation 
to ali the factors except salinrl.ty (Table 4.4. 7). Mortahty variations mainly 
showed a phase lag of one year behind environmental changes. 

Table 4.4.7. Correlation between long-term fluctuations of mortality coefficients and 
abiotic and biotic environmental factors (*Mortality coefficients of post-
larvae at Pelegrin were compared to the primary production at Stončica) 

Parameter Station r p p Y = a+bx 

Temperature Stončica -0.689 0.05 +1 Y = 4.497 -0.256 T 
Pelegrin -0.370 o 
Kaštela Bay 0.814 0.05 +1 Y = -10.212 +0.667 T 

S::tlinity Stončica -0.328 +1 
P elegrin -0.410 o 
Kaštela Bay -0.932 0.01 o Y = 11.727 -0.307 S 

Primary Stončica -0.481 0.1 +1 Y = 0.644 -0.005 Pp 
production P elegrin* -0.310 +1 

Kaštela Bay 0.512 +1 
Volume of Stončica -0.628 0.05 +1 Y = 0.739 -0.02 vz 
zooplankton Pelegrin -0.270 +1 

Kaštela Bay 0.834 0.05 (j Y = -0.018 +0.033 v. 
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Since a large number of calculated correlatiion coeffacients were statisti
cally s6.gnificant, even for the high significance levels o.f 990/o (Tables 4.4.5.-
4.4.7), ,it may be concluded that periodical ,env,ironmenta1 changes lin the study 
area affect intensity and success of the spawning of anchovy. Accordingly, 
this suppo:rfa the results obtained by spectral analysis. 

Further, periodical increases in o.rganic production, that is trophical basis, 
pos:i.tJ:iv,ely affect anchovy egg production intensity and su.rv,ival of thei.r post
larvae both in the open sea and channel area. In the coastal area, however, 
it seems that positive effects of increased food pro.duction on postlarval mor
tality is hidden by the effects of some other factors. M .is possible that increase 
of product:ion is no,t so marked the coastal area s•ince it is there three times 
that in the open sea (Table 4.4.1). Therefore, it may be assumed that perio
drical organic production increase affect an increase in concentration and 
rep,roduotion of predators thus that their effects are felt more strongly than 
the effects of avadlable food, superiimpostng on their emigra,tion due to rnmrent 
transport. But, there are no proofs available than would support these 
assumpt:ions. 

It was shown that correlation between anchovy planktonic stages and 
environmental changes was linear. Therefore, the correlation between anchovy 
egg produotion„ numbers of postlarvae and mortality coefficients, and abio:tic 
and biotJic factors available for analysis could ihe calculated by the linear 
r,egression method in all cases of s.ignrl.ficant correlation coefficients (Tables 
4.4.5.-4.4.7). Since higher and ,signiticant coeffidents of correlation between 
abiotic and biiotic factors and anchovy planktornic stages were obtaJined only 
after shor,t periods were eliminated, it ;is iimpossible to forecast the intensity 
and success of anchovy reproduction on the basis ,of short-term enviironmentl 
changes. W,ith re5;pect to the li,nearity of the correlation established between 
smoothed sets of data dt seems that the analysis of environmental changes 
trends •renders possible, however parit:ial, a forecast of variat-ions in production 
and surv~val of anchovy planktonic s,tages over longer periods. 

Spectral analysis showed that analysed parameters of anchovy planktonic 
stages and adult anchovy catches in the respective areas had the same perio
dicity (Figs. 22 and 23). Accordingly, li.t may be concluded that fluotua:tri.ons 
of planktonic stages and anchovy catches are correlated. To examdne the· 
nature of their correlation, and whether there is a phase lag between them, 
cross-correlation between egg production, numbers of pos•tlarvae and mortality 
ooefficients at d.ndividual stations and anchovy catches in the respectlive areas 
w ere calculated. However, ne,i,ther the compaTison of absolute time series nor 
of those smoothed by the running means gave higher and significant correlatior,. 
ooe ffii.ci-ents for any of the time lags of ± 3 years at ,any of the stations. 

S-ince it may be assumed that anchovy schools migrate during spawning 
season, a com,paI'lison was made between egg production and anchovy plank
tonic stages mortality at tindiviidual stations and anchovy catches in different 
areas but no hetter reSll.lilts we,re a btained. And fi,naUy, mean egg pr,oduc~~on, 
postlarval numbers and morta1ity were calculated for the through study area 
for the 1958-1976 period and compared to the total means of anchovy catches. 
fa-o m the areas ,of Vis, Hvar and Brač. This calculation gave the highest 
correlation coeffioients for the lag p = O. Thus, .the correlation between egg 
productd.on an,d nurnibe;r of postlarvae and anchovy oatches was positive 
(r = 0.451 and r = 0.103 respectively) in the stiudy area, whereas postlarval 
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mortality was found to decrease wirth the increase in annual anchovy catches. 
Only the coefficient of correlation between postlarval mortaLity and anchovy 
catch was statistioally sign,ificant for P < 0.05. The correlation between annual 
mean anchovy egg production and anchovy catches in the study area may 
be approximated by the linear equation: 

U = 0.354 + 0.045 Pi , 

and correlatli.on between catches and postlarval mortahty coefficient by the 
equation; 

-
U = 8.106 - 21.158 m, 

where U ,is the annual mean anchovy catches, Pi annual mean egg production 
and m annual postlarval mor,ta1ity coeffilcient mean. 

The results obtained show t hat long-term fluctuations in iintens1ty and 
success of anchovy reproduction ri.n the study area coinaide with catch fluct
uations and therefore probably with the biomass of sexually mature fish . 

Discuss ·ion 

On the basis of a large number of studies of both adult fash and their 
developmental stages iit was found that out of all envirorunental factors food 
availamlity had the predominant influence .on fish populatlion dynamics 
(H e mp e 1, 1965; Ni ko 1 s ki i, 1969). At the same time quantity of food 
•is equally dmportan:t for both the adult filsh and their postlarvae. After 
N i k o 1 s k i i, effect of food quantity on population dynamics through the 
sex,ually mature populartiion part is either dir.ect or indirect. Indirect -inf.1uence 
is manifested thus that the proportion of fash being well or poorly fed affects 
the vani,ations of indivd:dual growth rate on which the influence of preda,tors 
,is subsequently directly dependent. Fur-ther, ,poorly f.ed f.ish are less resistant 
to abiotic factor changes and more susceptible to diseases and parasi-tes. Food 
quaintt ty diir-eotJly affoots fecu111di.Jty through m et aibolism, s:ince bet ter fed fi.sh 
iattain grea,ter weight than less fed :fiish of the same age. Better fed fish 
produce -larger number of bigger eggs which con1Ja:i.n more yolk and they 
frequently affect an increases in the number of annual spawnmgs. After 
H e m :p e 1 and N i ko l s k i i food quant:i:ty also affeots postlarval survival 
both directly and indir,eotly ; directly in case of food absence an đ.ntraspeoific 
oompeti,tion is ,intensified which may lead to the s tarvation rto death of a 
large I11Umber of larvae. An indirect influence is manifested ·through the 
better gr.owth of well fed larvae as already disou.ssed in the oha,pter 4.1. r 
which therefore are less exposed to predators and more motrile thus that they 
avoid predator and reach food much easier. 

Resulrts of spectral analysiis and cross-correlation of a series of data 
showed th<i!t .in the open sea and channel area produotion of eggs is increased 
and postlarval mortality decreased with an inorease .in phytoplankton pl'limary 
pmdruction and zooplankton qruan,ti-ty. Thus, it may be concluded that the 
influence of changes of organic production on the central Adriatic anchovy 
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population, that is of ,the available food quantity, is, as well, pred')minant. 
It was shown, however, that fluctu ation of anchovy p1anktonic sfages 

ooincided with temperature and salinity variations. However, their effect on 
:anchovy planktonic s.tages is un1ikely to be .the di-rect one. Namely, adult 
anchovy are known to be the eurythermal am.d ernryhaline species. After 
D e m .i r (1965) they tolerate 6-29°C temperatures and are adaptable to 
salinitd.es ranging between 5 and 41.55%0. Therefore dt may be assrumed rthat 
the influence of annual mean temperature and .salinity variations of relatively 
narrow ranges (Table 4.4.1) on age structure of adult anchovy, as well as on 
fluctua1Jions of its biomass and fecundity , 1is not ,;ignificant. Egg production 
is, subsequently, not affected by them either. It was also shown in the chapter 
-4.3 that increased numbers of anchovy eggs, larvae and postlarvae occur 
w!Lthin wide temperature and salirnty ranges (Figs. 15 and 16). Therefore 
v,aciations of their annual means M"e unlikely to affeot considerably their 
number and survti.val din the plankton. It lis more probable, however, that 
particularly good agr-ement between fLuotualtions of planktonđ.c s,tages and 
multiannual variations of temperature and salinity .is due to the fact that 
·temperature and salinity variations are indicators of periodical changes of 
hydrographic properties of the Adriatiic to which fluctuations of organic 
production are due. 

It may also be assumed that fluctuations of primary production do not 
:affect fluctuations of anchovy planktonic stages di-rectly, either. s,ince nei,ther 
the adult anchovy nor their postlarvae feed on phy,toplankton as shown in 
the chapter 4.3. Since anchovy are ma-rkedly zooplank:tonphageous (F age, 
1911; S 1 a ste tenk o, 1956; Ni ko 1 s ki i, 1957), an increase in zooplankton 
quantity is probably of the greatesit importance for them and affects them 
directly. At the same time anchovy postlarvae feed on developmental stages 
of zooplankton, predominantly of copepods (D u ka, 1961 and 1963; Pa v-
1 o v s ka y a, 1964; R e g ne r, 1971) and therefore an dncrease •in zooplankton 
quantity affects thei,r survival indirectly through the more intensive :repro
,duction of copepods .in the first place. 

The phenomenon which causes a temporary increases of the Adriatic 
organic production has already been explained in detail. After B u 1 j a n 
(1953) the ingressions of large water masses from the eastern Mediterranean 
intermediate layer into .the Adriatic take place from tir.ne to time. They ca_use 
an lincrease in salin:ity and temperature of the open southern and coastal 
.Adriatic waters in wdinter and a decrease of annual temperature amplitudes 
(B u 1 j a n, 1957). These waters oarry large quantitlies of nutrients, phosphorns 
and nlitrogen sa1ts rin the frirst place, which posiMvely affect an increase in 
organic production and the catches of fdsh .in the Adriatuc (B u 1 j a n, 1968). 
It was also found that temporary increases of sardine ca.tches in the Adriatic 
coi:noided with cold w.inters and increased salrinity (Z u pano vi ć, 1968). 

Later rinvestigations (Zore - A r ma n da, 1970; Z o r e - A r m a n da et 
-al. , 1971; Pucher-Petković and Zore-Armanda, 1973; Karlo
V a c, et al., 1974) showed that these temporary inflows of the eastern Medi
teranean waters into the Adriatic, called ingressions, were caused by the 
changes of aiir pressure gradients over the eastern Mediterranean a nd pene-
1rations of dry polar air due to the displiacements of ,locations of large baric 
centres, Isiandic cyclone and Sib:irian anticyclone. These climatic changes 
ca-use an increase of primary production and zooplankton biomass through 
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the water exchange in the Adriatic. Thds lis reflected three years later as an 
increase of small pelagic fish catches. Vuče ti ć (1971) suggested that fluc
tuations dn numbers of sardine and achovy eggs in the central AdrJatic were 
dependent on the Med1terranean water ingressions. Since, as shown by our 
results, anchovy planktonic stages showed broad agreement wdth the fluctua
tions of analysed hiotic and abiotic factors, a conclusion may be drawn that 
they fully reflect the already mentioned changes of ecological cond.itions in 
the Adriatic. 

A phase lag of one year mainly shown by anchovy planktonic stages in rela
t ion to environmental factors variations, with thE;? exception of salinity (Tables 
4.4.5-4.4.7), should not be taken for granted. Since this was calculated by 
a comparJson of smoothed time series, they may actually be either higher 
or even ,Iower. Nevertheless, they show that anchovy population requires some 
time to adapt .to environmental changes. A phase lag of one year of egg 
produotion may be due to the fact that sexually mature anchovy of a first 
age class are predomo.nant wiith the percentage of 30-800/o (F age, 1911; 
Majorova and Cugunova, 1954; Stoianov, 1961 ; Padoan, 1963; 
Drage s u n d, 1964). Accordingly, a phase lag recorded corresponds to the 
time required by the newly produced recI'illits to become reproductive. It is 
fair mor,e difficult to account for the phase lag of the fluctuations of quantity 
and mortal!ity coeffioients of postlarvae since either an li.ncrease or decrease 
~n organic produotion might be expect ed to affect them d.irectly. Namely, 
after N -i ko 1 s ki i (1969) , Pa v 1 o v s k a y a (1963) showed that long-term 
fluctuations lin numbers of anchovy postlarvae dn the Black Sea were directly 
dependen:t on annual variations in the number of organisms they fed on. As 
it has already been shown in the chapter 4.3., anchovy postlarvae predomi
nantly feed on naJUplii, metanauphli and copepodites of copepods. Since, owing 
to the~r sđ.ze , these org•anrl.sms count among the microzooplankton, zooplankton 
volume caloulated from the »Helgoland« net catches cannot be an indicator 
of thcir numbers. To our regret, neither the data on variations in copepod 
developmental stages nor on their correlation to primary production are 
available for the Adriatic. The only data available are those on Calanus 
helgolandicus given by Vuče ti ć, (1964a) for the area of the Lake Veliko 
jezero on ithe Mljet Island. This author assumes that fecundity of this copepod 
1s affecrted by phyitoplankton concenitration. This is quite in .ag,reement with the 
records of Ga u d y (1962), who studied the variations in the number of 
naupl:ii and oopepodites and showed that the number of generations and the 
number of ,tndividuals of a generation of some copepod species from the 
western Mediterranean were, to a large extent, dependent on the variations 
jn phytoplankton o.iomass. This may also account for the phase lag of fluctua
tions in nwnbers and morta1ity coefficients of anchovy postlarvae. Namely, 
some eM'lier invesitigat ions at Stončica and Kaštela Bay stations showed that 
phy,toplankton hiomass flucrtuatii.ons lagged behind the primary production 
flucrtuations for about a year (P u ch e r - Pet kov i ć et al., 1971). At any 
rate, the :fiuture invesvigations should be direoted not only to the fluctuations 
of anchovy planktonic stages but to the fluctuations of copepodi,tes and nauplii 
as well. 

As di-st inct foom ithe open sea and channel ,area, positive influence of 
inoreased organic production on anchovy reproduction ii.s not so regularly 
marked ii.n the coastal ar,ea. It is even negatively related rto postla·rval s-urvival 
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what, as a1ready mentioned, may be due to :increased ooncentrations of pre
dators. It ii.s, however, usually held that survival of postlarvae is less effeoted 
by predatoirs thatn iby food arvailahil:ilty sinc2 the ;postJla,rva1l sta,ge takes littJle 
time, not more than few weeks, and therefore cou1d not affect the rinorease 
in preda·tor numbers. Therefore, morta1ity rate due to preda-tors is not de.pen
dent on -the qua;ntity of postLarvae but on the n,umber of .predators, their 
feeding a.irl!tensd.ty and capability of postlarvae ,to avoid them (H e mp e 1, 1965). 
After the same author, however, yea,rs when conditions are those as providing 
sufficient food for post1arvae are also fav,ourable for an increase in the 
number of .predators, and morta1.ity rate due to predators may exceed mortality 
raite due :to a food scarcity. This could be expected to happen iin the Kaštela 
Bay, as well. In the :fitrst place, according to ,the division 1of the Adriahlc to 
prodiuctive zones (B u 1 j a n, 1964), the Kaštela Bay belongs to ,the produotive 
zone (D), which owing to the influence of land and shallowness is characterized 
by high organic production. As distiil'lct from the Kaš tela Bay Stončica Station 
be1ongs to the zone of low production (A) and Pelegriin to the zone of medium 
productiion (C). On this basiis iit may be assumed that the effects of organiic 
pvoduction increase are constderably less felt in the Kaštela Bay t han in thc 
open sea and channel area. Subsequently, i1t .is quite certain that nera.tic 
s,pecies ,of zooplankton, some of which are predators of fish p•:.i3tlarvae, such 
as hydromedusae (Le b o 11.l. r, 1922) and sipecies of genus Po:lon (R e g n e r, 
unpubliished data) are far better represented in the Kaštela Bay than in 
o:ther two areas. Theiir numbers, and therefore the intensity of th2:ir activity , 
might be expected to increase during the increased product<ion wha, may have 
soone implications to postlarval mortality. After the data by Vuče ti ć (1933), 
sardine (Sardina pilchardus Walb.) guts contaiined anchovy pos,tlarvae, thus 
tha,t these fish may be establiished as predator of anchovy postla~·vae. Small 
sardine constantly inhabit the Kaštela Bay and larger and probably older 
sardine were recorded here, owing to their feeding onshore mig ~at:ons in 
spring and late summer (Muž ini ć, 1973a). Since these migration.; as well 
as small sard:ine quantities are affected by changes of ecologiical factor.:; (M u
ž ini ć, op. oit.), larger numbers of small and big sardine may be exp2oted te 
be present in the Kaštela Bay during increased organic produc tion . This may 
a1so adversely affect survtlval of anchovy post1arva,e. Thus M u ž ,ina ć reports 
particularly rich catches of adult sardine in the coastal area in the years 1971 
and 1972. In addition, the highest mean coefficient mortaHty of anchovy post
larvae was recorded from the Kaštela Bay m 1972 (Table 4.2.7). 

According to the resulJts of spectral analysis, the fluctuations of all of the 
environmental factors, anchovy catches, intensity .of egg production , numbers 
and morita1ity coef:fiiCii.ents of postlarvae, lthree basic periods of oscillattons, 
2-3, 5-7 and 9-11 years, may be dishlng.uished. These data broadly agree 
with those of župan o v .i ć (1968) who found that fluctuations of sardine 
ca,tch in the Adr~atic showed 3 and 8 year periods. Our resuLts of spectral 
analysis even better agree with the results of spectral analysis of a hundred
-y,ear series of da,ta on sardine catches (1873-1972), after which it osoiJ.aites 
in periods of 2.3, 3.5, 8 and 11 years (R e g ne r and Gači ć, 1974). At the 
same time the distribution of densHy spectra of all the parameters analysed 
in this paiper aire iin comp1irunce with di1S1trilbuti,on oI spectJral density of sardine 
oatches which ,also showed that shoriter per:iods (2 .3 and 3.5 year ,ones) and fong 
periods (11 years ones) had higher ampli,tudes than medium (8 years) ones. 
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Tih&efore, our resil.llts may be held reliable, nevertheless, due to the itoo small 
n:umb& of :daita, are not s,tatistlicaUy significant. However, ithe number of (M) 
lags in spectrail analysis of sardine catch was signif,icant for 950/o probabililty 
level. F'n..trther, due ,to the fact that a poor distinguishing possibii1ites lin ithe area 
of low frequencies (a:fiter rthe expression 4.4.5.) and availabiHty of rtime series 
of only 15 and 14 years, did not allow an exact calculation of values of 
amplitudes ,for tthe periods in the interval between 8 and 12 years (Fig. 23). 
However , basimg on t he s<imilarity between the obtained curves of spectral 
disitribution and sardine spectral distribution curves, the 11 year periods may 
ailso be assumed to have the largest amplitude. This is dndicated by the 
ca,loulated autocor relation funct,ions , w hich mainly show well marked 11 year 
perfods (Ftig. 22). This period, as shown earlier (R e g ne r and Ga č i ć, op. 
cli,t .) results from the periodical changes of solar activiity . At any rate, our 
resulits of spectral analyses lead us to consilude that periodicail changes of 
sailiinity and temperature in the study area caused the f1ucluaitions of organic 
produotion which furt her affected anchovy ,and sardine populatio:ns with the 
same perioddoity. 

Qu!ite similar periods were earlier found for fluatuati.ons of ,the catoh of 
a 1arge number of fosh s.pecies from distant geognaiphical regions sruch as for 
her,ring (Je n se n, 1927) and ood catahes (H jo rt, 1914) lin iNorweg,ian 
waters, japaniese sardine (Ud a, 1959) and species Onchorhynchus keta and 
O. gorbusha 1n ;tihe terrl!tory of Am:ur (B :i r ma n, 1954, after N lik o -1s ki i, 
1969). Similar cycles were ~corded in ithe dynamics of the Blaok Sea phyto
plankton (Pet rov a - Ka rad ž ova, 1975). Long-term sea-level vardations 
were found to show the same p eriodicity in ithe North Sea (Po 11 d, 1955), 
Bal t ic K o w a 1 i k a111d W r o b 1 e w s k ii , 197 3) and northern Pacific, (F a
v ori t e and I n g r a h a m, 1976). It probably may be concluded that perdo
dical variations of hydrographic factors in ithe sea, which cause organic 
produotion to change too, are due to long-term :climatic changes of larger 
extent. This conalusion may be drawn on the basis of Jthe fact that periods 
recorded for the annual variations of afr pressure ,in Trieste and Venlice 
(P o 11 i, 1955) as well as for the A.sian anticyclone (S o r kina and P e n j
k o v , 1973) are quite similar to our ones. 

Basing on eve;rything sa,id above, iit may be concluded that anchovy 
population of the centra! Adriatic responds to the periodical climat.ic changes 
of planetary extent. Judg:ing from one year phase lag it responds to them 
quirte qruickly. 

And f.inally, it should be painted out that two somewhat ddfferent expla-. 
nations of the dependence between adult fish biomass and their offsprings may 
be distinguished. Thus H e mp e 1 (1965) holds that egg quantity producted 
by fish in the course of a year is directly proportional to the biomass and 
mean age of sexually mature part of the population. However, the size of a 
newly produced a,ge class is not dependent on quantity of eggs, since thls 
correlat ion 1is fosit during postlarval and j,uveni-le stages due to their peculiar 
relatli.on t o the enwronment. On the con:trary, Ni ko 1 s k !i i (1969) believes 
that parental biomass and size of newly produced recru:its are dii.irectly corre
lated. Resul.ts of the analyses of the dependence between egg production, 
number of pos.tlairvae and thek mortality and anchovy catches in the study 
a·rea speak more in favom:· of t he Ni ko 1 s ki i assumptions, since it was 
shown that numbers and survival of postlarvae were directly proportional to 
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anchovy catches, wd!th no phase lag. Non s:ignifuca,nt correlation coeff:icients 
obtained between egg production and numbers of postla,rvae and anchovy 
catches show that catches do not refleot an actual fish biomass iin rthe s1Judy 
area. This ris evident kom the fact that minimum and maximum anchovy 
catches ,and egg produotiion at Stončica cO!incided with those at 'Pelegni,n 
(Figs. 20 and 21, A and D). However, absolute numerical va1ues did not 
ooincide and ,therefore it is iimpossible to obtain singnificant cOLrrelation 
coefffoients. This ,is most Hkely due to the preferential sardine catch, what is 
characterisitiic for the eastern Adniatic coast (Muž ini ć, 1974). Namely, in 
analysing the correlation between sa,rdine catch f1uctuations and anchovy catch 
ones in the central Adr,iatic in the 1947-1971 period, Muž ini ć (1974) found 
negative correlation, what at first sight might appear as if sardine and anchovy 
bi.omass alternate. However, by a companison of the results on a,nchovy egg 
production at Stončica for 1963-1970 period w,iith the data on mean number 
of sardine eggs under a square metre at the same station published by K a r-
1 ova c et al., (1974), pos:itive and sta,tistically s,ignificant correlation coeffioient 
was obta,ined (r = 0.638; P < 0.05). This shows tha,t f,1uctuations of sw-diine and 
am.chovy biomass probably coiincide. It .is, therefore, possiible that negative 
correlation between sardine and acnhovy catch results from the fact that 
:tiishermen prefer sardine and that ,anchovy are fished for only when there 
is not suffiaienrt sardine, nevertheless therir biomass ds probably treduced then. 
Therefore, a conclusion may be drawn that, irrespective of the non-signaficant 
correlation coefficients, egg productton intensity and number of postlarvae 
are likely :to be a good :icndicator of adult anchovy biomass in the study area. 

Conclus~ons 

1. Amplitudes of long-term f1uctuations in anchovy egg production, num
bers and mortahty of their postlarvae in, the study area ,mcrease going 
from the open sea onshore as well as the 1amphltudes of ft1uotuations 
of analysed abtotic and biotic foctors. 

2. If limited to smaller areas, fluctuations of annual intensity of anchovy 
egg production, and of number and mortality of their postlarvae, as a 
role, ooincide. W1ith an egg production increase, number of postlarvae 
:i.ncreases and mortality decreases. 

3. Fluotuations of anchovy egg produotion at the Kaštela Bay Station 
(coastal area) show a phase lag of two years behind those at Stončica 
(open sea). This may be due to the spatial distribution of different 
age classes of sexually mature anchovy. 

4. The autocorrela1Jion method makes !irt possible to establish that the 
fluctuations of anchovy egg productton 1inrtensity, number of postlarvae 
and their mortality coefffoients in the study area may be decomposed 
to the basic periods of oscillations of 2-3, 5-7 and 9-11 years. Since 
the fluctuations of temperature and salinity, primary production, q,uan
tity of zooplankiton and anchovy catch may also be decomposed to the 
same periods, dct is apparent ,that dntensity and success .of anchovy 
reproduction are ,im close conne:xii.on with •the peniodical environmental 
changes in the study area, what 1is finally reflected upon the catches. 



s. Regner 
Ecology of planktonic stages of the anchovy· 
Acta Adriat., 26 (1): 5-113 (1985) 

101 

5. Calcula,t:ions of spectral density showed that the amp1itudes of short, 
2-3 years periods, and long, 8-12 year periods, in both anchovy plank
toniic stages and analysed abiotic and biotic factors, as well as in 
anchovy catches ,in the s-tudy area, con~derably exceed ,those of the 
periiods of 5-7 years. Accordingly, short and 1.ong periods are best 
marked in superposit:ion. 

6. Fluctuations in egg productiion intensity, numbers and surv,ival of 
postlairvaie laig beh11nid environmenitaJ fador variiartlioiilS for a!bout a yea.r. 
This phase lag is in faat the time required by a new age class to 
a·ttaiin sexruaJ. maturity. 

7. In the open sea (Stončica) ,and channel area (Pelegnin) fluctuations 
of anchovy egg product-ion intens,ity and i!lumbers of postlarvae and 
varrl.aitions in mortaiity coeffdcients are dir-ectly propor.tional to the 
variatiions of abiotic and biotic env,ironmental factors . Per~odical chan
ges of food availabi1ity ,in these two areas are probably of crucial 
,importance for the intensity and s,uccess of anchovy reproduction, both 
adult f:i.sh and posrtlarvae being affected by this factor. Food quantity, 
wh1ch is directly propo.rtional to organic prnduction is probably depen
dent on the periodioal var-iations of the Adr,iatic hydrographic cond!itions. 

8. Positiv-e 1ilnfiluence of orgaindic producbion inorease on anchovy egg pro
duction 1ntens.ity and numbers of their postlarvae ,in the ,plankton is 
less clea.rly marked in the coas.ta:l area than ,in the open sea and 
channel a!l'ea. F\lrther, an increase of organ!i.c production here affects 
an increase of mortality coefficients, what means that increased produ
otion adversely •affects surv:ival of postlarvae. This may be due to the 
fact that, during increased organic production, concenti:-ations and num
bers of predators are increased and therefore their effect on anchovy 
postlarvae i-ntensified. 

9. In the study area as a whole, increase in annual anchovy catohes 
conoides w.i.th the increased egg produotion as well as with the jncrease 
iin numbers and reduction of mo.rta1i.ty of their postla-rvae, w,i,th no 
phase lag. This suppor,ts the assumption that dntensi-ty of rep,roduction, 
its success, and biomass of sexually mature .part of anchovy population 
are closely conneoted. 

5. CONCLUSION 

This pa.per is div.ided -in two -parts. First pa,rt iincludes the results of stud~es 
on anchovy egg development and larval grnwth at ten constant temperatures , 
and postlarval growth ait three constant temperatures under experimental 
oonditions. The ari.m of these s,tudies was to obtaiin the basic elements indis
pensable for WOiI'king aut ,the matevial collected during the field work. The 
second part •is a study of mortaHty, seasonal distribution and long-term flu
ctuatiaons -of anchovy planktonic stages from the material collected from 
stations Stončica (open sea) and Pelegrin (channel area) during fifteen years, 
and from the Kaštela Bay (coastal area) over nine years. In all 65,489 fish eggs 
were collected of which 9305 belonged ,to anchovy, and 24,763 fish larvae and 
postlarvae -of which 3,020 were anchovy larvae and 2,815 anchovy postlarvae. 
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On the basis of the results of expeniments it may be concluded that egg 
developmental rate and larval growth were predominantly affected by tempe
rature while, apart from temperature, the postlarval growth was affected by 
food quantity . It was, further, established that characteristics of larval growth 
<lif.fered from the postlarval ones, and that these two growth types should be 
dc[ined by dri.fferent eq,uations. It was also found that larval and postlarval 
growth curve exponen~s showed linear correlatiion with temperature. Experi
ments showed ·that length ranges of larvae and postk:irvae of the samf:. age 
inoreased with time. Mathematical analys-is showed that these ranges were, 
to a cons,iderable ex;tent, dependent on the initial larval and postlarval length 
ranges. 

In general, it may be concluded that de.terminatfon of parameters of egg 
clevelopmental time and larval growth equatwns as de.pendent -on temperature 
rendered ,possible the cauculation of developmental time and age of anchovy 
plaktonic stages ,at different envdronmental ,temperatures. This, subseq,uently, 
made poss,ible the ,invcstigations of their mortality in the study area as well 
as the calculations of corrections by means of which the samples of anchovy 
planktondc s.tages, collected by field samplings, were made •intercomparable. 

On the basis of thc analysis of reduc~fon in numbers of anchovy planktonic 
stages as a funcmon of time, two periods of specific mortality may be c:Li.stin
guished. The first perd0d ,includes eggs and larvac and ends with .the complete 
yolk sac resorption. The second period occurs at transformation of larvae to 
postlarvae, that is at transition from pass,ive to active feeding . Since w,ith the 
transformation from larvae to postlarvae mortality is suddenly ,reduced, i,t 
has been concluded that no »crifacal period« occurs rin anchovy from the s.tudy 
area. This »critical period« is characterized by high mortality at ,transition 
from passive to active feeding. 

Egg .produotion and numbers of larvae rin the open sea were found to 
be almos.t equal to those in the coastal area during the spawning season, 
wh!ile they are half as that in the channel area. Therefore, it is likely that the 
conditions ,in the channel area are not favourable for anchovy spawning. 
Subsequently, judging from the fact that the numbers of postlarvae in the 
channel area considerably exceed thos,e in the c-, astal area, it has been con
cluded that during the spawning season postlarvae are transporited from the 
coastal area to the chann el area and to a certa,in extent to the o,pen sea as well. 

A comparison of anchovy planktoll'ic stages durjng the s.pawning season 
with temperature, salinity, primary ,production and zooplankton quantdty shows 
that thier s,easonal dyn:1.mics is affected more by biotic than by abiotic factors . 
The analysis of the depcndence between egg production and anchovy catches 
during the spawning season shows these two parame.ters to be pos,i.tively 
correlated, however with a phase lag of about a month. Therefore, the 
concLusion arrived at is that the number of prvduced planktonic eggs is a 
good indicator of the pr esence and quantity of sexually mature fish but also 
that anchovy are raU1er difficultly caught during intensJve reproductive 
·activity. 

Long-term fluctuati-ons of egg p.roduct,ion, numbers and mortality coeffi
cients of ainchovy postla!"vae were found t,o conoide with the fluctuations of 
analysed ahiotiic and b,i,·_1tic envjronmental factors but with a phase lag of 
abo.ut a year. Since the production and numbers of anchovy planktonic stages 
increased and post-larval morta'1ity decreased with the increase in organic 
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product:ion, ,it may be concluded that fluctuations of planktondc stages of this 
f,ish are, for the most part, affected by the va-riations of food availability. 
The only exception was the mortality increase w.ith organic production increase 
in the coastal area. This may be explained by an intensiflied predator activity 
in the years of 1increased organic production. A oom,parison of anchovy plank
tonric stages fluctua:tiions with the flructua,tions of catcehs of adru'1ts shows 
that egg production ,in the plankton increases wii,th the !increased catches and 
that postlarval morta1ity in reduced. Thds indicates that the fluctua,tions of 
sexually mature par.t of :ainchovy population and those of their planktonic 
stages are closely connected. 

The s-pectral analysis method shows ,that fluctuations of anchovy plankto
nic stages and catches as well as those of •abiotic and :biotic environmental 
factors are the resultants of superposition of several basic oscillation periods. 
Three d.ifferent periods may be dristinguished in ali of the analysed parametffi's, 
the short ones (2-3 yea,rs), medium (5-7 years) and long (9-12 years). The 
amplitudes of shoo-t and long per-iods exceed the amplitudes of the medi,um 
periods. On the basis of similairity of periods in all analysed parameters it 
may be conclruded that fluctuations of anchovy .planktonrl.c stages •m the study 
area fully reHect the environmental changes. Since similar periods have 
already been established for a series of biological, hydrographic and meteoro
logical parameters from different and distant areas on the Earth, it may finally 
be concluded that anchovy p opulation -in fact responds to ,the long-term 
climatic changes of planetary extent. Subseq;uently, the establishing of .these 
periods provides the basis for eventua-1 long-term forecast of not only the 
fluctua.tions ,of anchovy planktonic sta:.ges but of general ecological cond-itions 
in the Adriatic. 
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8KOLOGIJA PLANKTONSKIH STADIJA BRGLJUNA, Engraulis encrasicolus 
(Li nn a e u s, 1758), U SREDNJEM JAD RANU 

Slobodan R e g n e r 

Institut za oceanografiju i ribarstvo, Split 

KRATKI SADRŽAJ 

Osnovni cilj ove studije je bio da se ispita odnos dinamike planktonskih 
stadija brgljuna prema nizu abiotskih i biotskih faktora sredine, te da se 
utvrdi da li postoji veza između količine planktonskih stadija i ulova odras
log brgljuna na području sredrrjeg Jadrana. 

Sa tim j,e ciljem du:gi ruz godim.a salku,pljan p1aJl11k!toinski ma1terija'l na 
transverzalnom profilu koji se pruža gotovo ravno na jug od Splita. Na tome 
su profilu raspo['eđene postaje Kaštelansk!i zaljev (43°31'N 16°22'E), Pelegrin 
(43°12'N 16°19'E) i Stončica (43°00'N 16°20'E) (Sl. 1). Ove su postaje raspore
đene tako da ,obuhvaćaju područje pod izrazitim utjecajem kopna (postaja 
Kaštelanski zaljev) , zatim kanalsko područje gdje se miješaju utjecaji kopna 
i otvorenog mora (postaja Pelegrin) i područje pod izrazitim utjecajem otvo
renog mora (postaja Stončica). 

Na pasta,jama Sto1nčica ri. 'Pelegriln iistra0i1vanja su vinšena od jaunara 
1962. do decembra 1976. godine, a na postaji Kaštelanski zaljev od februara 
1968. do decembra 1976. godine. Na svim je postajama materijal sakupljen 
jednom mjesečno. Uzorci zooplanktona su uzimani dvostrukim vertikalnim 
potezima planktonske mreže tipa »Helgoland«. Otvor mreže je imao promjer 
143 cm (površine otvora je 1.6 m 2), a promjer ,okašaca planktonske svile je 
bio 0.516 mm. Mreža je povlačena od dna do površine brzinom od 0.5 m/sec. 
Tokom ovih istraživanja sakupljena je ukupno 65489 jaja i 24673 larve i 
postlarve riiba, od čega je 9305 jaja, 3020 larvi i 2815 postlarvi pripadalo 
brgljunu. 

Uz uzorke zooplanktona, uzimani su i podaci o temperaturi i salinitetu 
na standardnim oceanogmfskim nivoima, zatim podaci o ukupnoj količini 

zooplanktona izraženi volumenom sedimentiranog uzorka, a na postajama 
Kaštelanski zalj ev i Stončica mjerena je primarna produkcija fitoplanktona 
pomoću radioaktivnog ugljika. 

Kako je brzina razvitka razvojnih stadija riba upravno srazmjerna 
ternperaituri sredri.ne, u planktonu s1e, ovisno o temperaturi, aikumuliraju jaja 
izmriještena tokom različitog broja dana, kao i larve i postlarve čiji .razvitak 
traje različito pri različitim temperaturama. Stoga jednostavna usporedba 
brojnosti planktonskih stadija riba ne može dati pravu sliku intenziteta mri
ještenja i dinamike brojnosti larvi i postlarvi, ukoliko se n e izvrše korekcije 
utj ecaja temperature sredine. 

Da bi podaci o količini jaja, larvi i postlarvi brgljuna bili međusobno us
pon~dljivi bez obzira na mjesto i vrijeme ikada su planiktonslk.i uz:orai uze ti, 
te da bi se mogLo procijeniti njihovu smrtnost u funkciji vremena, ispitani 
su brzim razvirbka jia,ja i larvi, k a,o, i karaikteristruke rasita la['vl i postlarVii. ove 
ribe u odnosu na t emperaturu. Ova su ispitivanja vršena u eksperimentalnim 
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uvjetima. Brzina razvitka jaja i brzina razvitka i rasta larvi ispitivana }2 
na deset srednjJ.h temperatura unutar raspona od 16.70°C do 24.05°C, a br2,ina 
rasta postlarvi do standardne dužine ,od 15 mm na tri tempera.ture u rasponu 
od 19.02°C do 24.05°C (Tab. 4.1.2. i 4.1.6.). 

Ovim su eksperimentima dobijeni podaci o odnosu dužine ukupnog raz
vitka jaja brgljuna, od oplodnje do izleganja larvi, te o trajanju svakog po
jedinog od deset definiranih embrionalnih stadija u odnosu na temperaturu 
(Sl. 4) , kao i podaci o odnosu temperature i vremena potrebnog da se larva
ma formilraju funlkciol!IB:Lna usta i da potpuno reso!I"lbilraju žuma111Jčanu kesicu 
(Sl. 5) . Odnos brzine embrionalnog razvitka jaja i temperature aproksimiran 
je matematički pomoću četiri različite jednadžbe (jednadžbe 4.1.1. do 4.1.4.), 
pri čemu su najbolje rezultate dale jednadžbe (4.1.3.) i (4.1.4.). Za daljnja 
izračunavanja je, zbog svoje jednostavnosti, upotrebljena jednadžba (4.1.4.). 
I stom je jednadžbom aproksimiran i odnos vremena potrebnog za formira
nje funkcionalnih usta i resorpciju žumančane kesice larvi i temperature. 

Rast larvi brgljuna u funkci,ji vremena aproksimiran je izvornim obli
kom jednadžbe v on B e rt a 1 a n f f y ja (4.1.10.) (Sl. 6), postlarvi eksponen
cijalrnom jednadžbom (4.l.14) (Sl. 8). Pri tome je nađena da eksponenti obiju 
jednadžbi pokazuju pozitivan linearni odnos prema temperaturi (jednadžbe 
4.1.11. i 4.1.15) i slika 7. Ovo je omogućilo izračunavanje starosti larvi i post
larvi brgljuna na osnovi njihove dužine pri bilo kojoj temperaturi sredine 
(jednadžbe 4.1.19 i 4.1.20.). 

Ispitan je i utjecaj pojave srazmjerno velikih raspona dužina larvi i 
postlarvi iste starosti na pogrešku procjene njihove starosti na osnovi dužine. 
Nađeno je da ovaj raspon ovisi o početnom rasponu dužina larvi pri izle
ganju i postlarvi u trenutku potpune resorpcije žumančane kesice, te da je 
on po svoj prilici genetski uvjetovan. Pogreška procjene starosti, koja može 
Hastati uslijed ovoga raspona, može se matematički procijeniti ('jednadžbe 
4.1.21. do 4.1.24.; slike 9. i 10. Analiziran je, također, i utjecaj pojave da su 
j aja i larve brgljuna veći na početku sezone mriještenja (mart-maj), nego u 
njezinom srednjem i krajnjem periodu (juni-novembar). Ovo uzrokuje potcje
njivanje starosti larvi u proljetnom periodu i precijenjivande njihove starosti 
u ostalom dijelu sezone mriještenja ukoliko bi se starost računala na osnovi 
srednjih vrijednosti parametara jednadžbi rasta. Stoga su izračunati posebni 
parametri ovih jednadžbi za proljetni period i posebni za ostali dio sezone 
mri!ještenja (jednadžbe 4.1.25. i 4.1.26.), kako bi se ova pogreška eliminirala. 

Na osnovi ovih analiza, pomoću kojih su dobijeni parametri brzine em
brionalnog razvitka jaja i larvi, te stope rasta larvi i postlarvi brgljuna u od
nosu na temiperaturu, omogućeno je ieračunavanje sffil"tn01s11Ji planikitonskiih 
.stadija brgljuna, kao i potpunija analiza dinamike njihove brojnosti i raspo
djele u prostoru i vremenu. Ovo drug,o je bilo moguće učin'iti jer su podaci 
o brojnosti planktonskih stadija brgljuna, sakupljani tokom čitavog perioda 
istraživanja, učinjeni međusobno komparabiln:im bez obzira na vrijeme i mje
sto kada su prikupljeni, i to uz p~moć korekcija kojima su osnova poznata 
.dužina razvitka u odnosu na temperaturu sredine i stopa smrtnosti (jednadž
be 3.3., 4.2.3. i 4.2.4.). 

Smrtnost planktonskih stadija brgljuna je računata polazeći od pretpo
s tavke da bro jnost njegovih jaja, larvi i postlarvi eksponencijalno opada sa 
vremenom (jednadžba 4.2.1.). Ustanovljeno je da se na istraživanom podru-
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CJU javljaju dva perioda specifičnog mortaliteta. Prvi period obuhvaća fazu 
jaja i larvi i završava sa prelazom u postlarvu, odnosno sa _potpunom resor
pcijom žumančane kesice . Drugi period, za ,koji je karakteristična znatno 
manja stopa smrtnosti, počinje nakon prelaza larvi u postlarve i traje, po 
svo,j prilici, do metamorfoze (Sl. 12). Utvrđeno je, nadalje, da na moguće po
greške procjene smrtnosti planktonskih stadija brgljuna znatno utječe _režim 
površinskih strujanja koja prenose, u prvom redu postlarve, iz jednog po
dručja u drug,o. Tako je nađeno da je smrtnost svih planktonskih stadija na·j
veća u priobalnom području, na postaji Kaštelanski zaljev, a najmanja u ka
nalskom području, na postaji Pelegrin. Međutim, režim je površinskih struja 
na istraživanom području takav da se na početku sezone mriještenja brglju
na, u rano proljeće, struje kreću od otvoren,og mora _ka obali, dok je u lje
tnom periodu smjer struja upravo obratan. Stoga se može pretpostaviti da 
je, uslijed imigracije, mortalitet u kanalskom području potcijenjen, dok je u 
priJobalnom području mortalitet precijenjen uslijed emigracije. 

Ispitana je i dinamika brojnosti planktonskih stadija brgljuna na istra
živanom području tokom sezone mriještenja. Sezona mriještenja počin'je na 
ovome području u martu, a završava u novembru. Proizvodnja jaja je na 
području otvorenog mora i u kanalskom području najveća .u junu, dok se u 
priobalnom području javljajiU dva maksimuma, relativni u junu i apsolutni 
u augustu (Sl. 13). Odnos proizvodnje jaja brgljuna prema brojnostii. njego
vih larvi i postlarvi pokazuje pozitivnu korelaciju samo na postaji KIOštelan
ski zaljev (Tab. 4.3.1.). Na osnovi ovoga se može zaključiti da je ovaj odnos 
u kanalskom području i na području otvorenog mora poremećen uslijed već 
spomenutog transporta strujama. 

Nađeno je da se planktonski stadiji brgljuna javljaju u planktonu istra
živanog područja unutar raspona temperature od 13.15°C do 23.85°C. Za raz
liku od temperature, planktonski se stadiji brgl'juna nalaze na otvorenom 
moru i u kanalskom plOdručju unutar znatno višeg raspona saliniteta (od 
35.41 do 38.90%), nego u priobalnom području (34.91-38.090/o). Unutar tih 
granica nema nikakve .:značajne povezanosti između pojave maksimuma plank
tonskih stadija brgljuna i temperature i saliniteta (Sl. 14 i 15), na .osnov,i čega 
je zaklj:učeno da ovi faktori nemaju znatnijeg utjecaja na intenzitet repro
dukcije ove dbe. 

Analiza odnosa dinamike brojnosti planktonskih stadija brgljuna tokom 
sez:one mriještenja prema dinamici primarne produkcije fitoplanktona i _ko
ličine zooplanktona pokazala je pozitivnu korelaciju, ali sa faznim pomakom 
od oko dva mjeseca (Sl. 16 i 17). Ovo je upravo vrijeme koje je potrebno da 
gonade brgljuna sazriju nakon perioda intenzivnog hranjenja koji prethodi 
mriještenju. Analiza odnosa proizvodnje jaja prema ulovu odraslog brgljuna 
tokom sezone mriještenja pokazala je da ova dva parametra stoje u poziti
vn.oj korelaciji, ali sa faznim pomakom od oko mjesec dana (Sl. 18). Na 
osnovi toga je zaključeno da je intenzitet proizvodnje jaja dobar pokazatelj 
prisutnosti i količine spolno zrele ribe, ali i to da je u vrijeme intenzivne 
reproduktivne aktivnosti brgljun teže dostupan izlovLjavanju. 

U zadnjem poglavlju ove studije analizirane su dugoročne fluktuacije 
godišnjih srednjaka proizvodnje jaja, brojnosti i koeficijenata smrtnosti 
postlarvi brgljuna, pri čemu su one uspoređene sa f1uktacijama godišnjih sred
njaka temperature, saliniteta, pr,imarne prndukcije, količine zooplanktona i 
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,ulorva odrasfog ib!I'gljuna (Sil. 19-21). Nađena je da se fliukituiacije prOlizvodnje 
jaja, te brojnosti i koeficijenata mortaliteta postlarvi brgljuna dobro poduda
raiju sa fluiktuacijama anail.rirziiranili aibio.tskih i bioitslkilh faikiora s:redine, a1i sa 
faznim zakašnjenjem od godinu dana (Tab. 4.4.5 - 4.4.7.) Na osnovi toga što 
je nađeno da sa povećanjem organske produkcije rastu proizvodnja i br,oj
nost planktonskih stadija brgljuna i da se smrtnost postlarvi smanjuje, mo
giJ.o bi se ·zalkljuaiJtil da na f,luk.!uuacidi planktonsikilh stadija ove ribe najvećeg 
uitje,caja imaj1U prnmjene koiličilne irasrpoložive hra111e. Uspo!I'edba fluktuacitia 
planktonskih stadija sa fluktuacijama ulova brgljuna pokazala je da se sa po
većanjem ulova povećava i pro'izvodnja jaja u planktonu, a da se smrtnost 
posrtla!I'-vi sma111j!uje. Na osnorvi t.oiga se može zalključirt:i da su fluk>truacije spoJno 
zrelog dijela populacije brgljuna i njegovih planktonskih stadija tijesno među
sobno povezane. 

Metodom spektralne analize (jednadžbe 4.4.1. do 4.4.6.) nađeno je da su 
fJuiktuacije planlkto111s1kiih srtadija i. uilova br,gljuna, kao ii f1ulktu:acije abio,tskih i 
biotskih faktora sredine rezultante superpozicije nekoliko osnovnih perioda 
oscilacija. Ovi se periodi kod svih analiziranih parametara dijele na kratke 
(2-3 godine), srednje (5-7 godina) i duge (9-12 godina), pri čemu su am
plitude dugih i kraitkih veće od amplituda srednjih p'erioda (Sl. 22 i 23). Na 
osnovi sličnosti- perioda kod svih analiziran[h parametara zaključena je da 
f1ul{:tuacije pla.nkto111skih stadija b11gljU111a• u potipunoslbJ odrafa-vaju promjene 
sredine. Kako su slični per,iodi već nađeni kod niza bioloških, hidrografskih 
i meteoroloških parametara na međusobno udaljenim područjima na Zemlji, 
može se zaključiti da, u krajnjoj liniji, populacija brgljuna reagli.ra na više
godišnje k;limatske promjene planetarnih razmjera. Nalaz ovih perioda pred
Slta'Vllja osno'VU za, eventuailne d,ugoiročne pro,gnoize ne samo Hukrtuacij a plan
ktonsk~h stadija i ulova brgljuna, nego i općenito ekoloških prilika na 
istraživanom području Jadrana. 
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