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The paper is an attempt to establish the effects of the 
hydrocllimatic changes in the middle Adriatic (Jabuka Pit) 
on the fluctuations in sardine (Sardina pilchardus Walb.) cat­
ches along ,the eastern Adriatic coast. 

INTRODUCTION 

The cold w,inter of 1962/63 was the coldest for the precedilng 223 years 
(S ch e r h a g, 1963). Studying the hydroclimatic peculiarities in t he nort­
hern Atlantic antl Euroasian region of the north Po'lar Sea in the decade 
1961-1970, Rode w a 1 d (1972) recorded very low sea temperatures. Diffe­
rent asp ects of hydroclimatic development are, accordililg to this author, an 
indication of the end of the »secular warmring« whlch possibly announces the 
beginni.ng of a new »Little Ice Age«. 

It was aJso oolid throuighout the whoJ.e of the northern hemis:phere during 
the previous summer, that is from April 1962 to March 1963 (C u s hi n g, 
1982;. Besides the cold winter 1962/63, the winters of 1928/29, 1946/47 a:nd 
1978/79 of this century were, accordililg to the same author, also very cold. 
The oo1d Wlinters are U&ua1ly aJSSOdarteid with a persilstent an'ticyclone over 
ScBJndinavia brilnging cold easterly win.ds flowing accross the North Sea and 
the British Isles. During the onset of this cold arctic air, there occurred 
considerable mortality amo.ng adult fish amd shellfish, and a considerable 
increa::;e of r,ecruitment of individua! commercially important fish species. 
These phenomena were recorded during »ice winters« of 1928/29, 1946/47 
and particularly 1962/63 im the North Sea (Lu mb y and At ki n s on, 
19S9; Schnoor, 1929; Dann ev ig, 1930; Orton, 1930; Simpso111, 
1953; Boddeke, 1963; Crisp 1964; Hancock, 1964; Waugh, 1964; 
Z i e gel ma y e r, 1964; W o od h e a d, 1964a and b). 
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In addition to the mortaility of fiish and she1lfish in the North Sea, a rapid 
increas(~ of catch of both demersal and pelagic sps!cies was also recorded a„ 
a conseque.nce of very severe and c'old winter of 1962/63. Maximu:m catcl1 
wa·:, attained in 1968 (Holden, 1978 ; Hemp e l, 1978). 

This drastic increase of the North Sea catch after 1961 aroused mucb 
int•~rest among fishery scientists who studied the causes of those recent chan-• 
ges of Iish stock. For that purpose two ICES North Sea Symposia were orga­
nized Lhc re:ports of which were published im. Volumes 172 and 173 of the 
Rapports and Proces-Ver·baux series. 

D i c ks on and Le e (1972) found that the correlation between the year 
class strength of cad im. the North Sea and cold winters was particularly 
significant in the 1963-1966 period. This correlation was possibly ,issociated 
with the extraordim.ary coiJ.d winters o.f :1953 aJ1Jd 1966 1H i [ 1 and Di c k­
s on, .1978). 

Biologicai effects of hydr:oclimatic changes after very severe winter o.[ 
19G2/63 were recorded also along the eastern Adriatic coast. They were 
refleoted as the chang,es in the sma:11 pe[aig,i,c fish stook, parhcuila:rily that of 
sardine, resulting in a continuous catch increase (Muž ini ć, 197<1) . 

Phenomena of death of individua! fish and shellfish species during the 
cold winters of 1928/29 aind 1946/47 developed along t he eastern Adriatic 
coast in the manner simJ.lar to that in the northwestern Europe. The same 
probably occurred after very severe aind cold winter of 1932/63 even though 
there is no sufficient data supportung this statemen.t far the eastern Adriatic. 

S ch r e i b e r (1931, 1940) reported for the eastenn Adriatic ooast that 
hl Febru&ry and March 1929 ►► ••• the sea water and air temperature dropped 
so that fish and molluscs froze and dead floated on the sea surface. These 
viclims of an abnormal wi.nter floated in the channels and were driven to 
the coast by waves. This ter-rible phenomenon took place behveen 10 aind 
22 February and from 28 February to 3 March of the mentioned year.-« 
... »It should be added, llowever, that th:\s climatic phen.omenon vrns imme­
diale'ly followed by very mild a!Ild more steady c1imate.« ... «Inasmuch this 
very sevcre winte;· caused the death of so ma:ny local fish forms it ,,ff:ected 
however, another r-eacti.on, to say so, Sin ar.itiphenomenan, a:n. extrcorclinar;,, 
early and ilnte.nsive occurrence of pelaigtl.c fi.:sh parti-ouilarJ.y sard·ine and ma­
ckcrel ... « 

The oo:1d wiJnte,r of 1946/47 caused rmaJSIS mortaJi:ty o:f Noah',s .arche (Arca 
noae) a,nd white mUJssels (Modiolus barbatus) in Pašman chan.neQ, the Bay 
otf .Pirova·c, par,t~cuu.airly i,n the Markirina ,cove i1n 1948 (P ii. a n č i ć, 195Q; 
Ž U p a IIl O V i Ć, 1976). • 

Mark2dly low temperature.s at the bottom of the Jabuka Pit duri:ng the 
cold \>1 inter of 1962/63 were accompanied with the rapid reductirnn o:~ 
lliephrops norvegictts catch (Z u pano vi ć, 1968, 1969, 1976). 

Very cold v.riinters both in the past and more rece.ntly affeded the 
app2arance a,nd catches of sardine along the eastern Adriatic coast (Z: u p a­
n o v i ć, 1968). Very poor catches ~n 1955, the poorest catches realized from 
the eailern Adri.atic coast in the post-war period, ar,oused hn.terest im t},_e 
r ,clationship between the hydroclimatic changes and sardine catch fluctuations 
(Ž u pano vi ć , 1956) . Similar was recorded for s;,.rdia1e in 1855 1 Due to 
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very poor catches in 1855 an unknown author asked the author,ities in charge 
whether the sardine from the northenn Adriatic had been liable to the same 
intervals as sardine from the Vis, Hvar and Makarska areas during the 

'previOIUS 30 years (1825-1855). 
The anJSwer to the unlknown author was that the catch differences had 

been no1ted ;in the northern Adr.iatiic ais weill as iiJn Da1mat:ia and that they 
had been, in the first place, dependent on the conditions in the sea at the 
time oI spawn.ing, sea state and insufficiently high temperatures recorded. 
,The catc~·i ·,.vould be, accordingly, it was v,rr"itte:n in. the reply, now more 
marked Et~.1d ttmn less marked rlependently on the »stronger or poorer effects 
oi the circumstances vvhich caused the givein conditio1ns« (A no 11, 1960). 

On the basis of fisherrnen reports from 1855, 2: u pano vi ć (1968) 
forecasted rich catches of sardine afong rthe eastern Adriatic ooast between 
1965 and 1970, a111.alysing the relationship between hydroclimatic changes and 
long-term fluctuations of sard;ine catches for the period from 1835 to 1960. 

The most recent detailed studies (B u 1 j a n, 1969; P u c h e r - P e t k o­
vi ć et al., 1971a amd b; Zore-Arma111da and Pucher-Petković, 
1972; Zore-Arrnanda et at, 1973; Pucher-Petković and Zore­
Armanda, 1973; Karlovac, J. et al., 1974; Muži111ić, 1974; Reg­
n e r and Gači ć, 1974, 1977; A 1 e gr i a H e r 'Il a 111 d e z, 1983) as well as 
fulfilled forecasts of abundamt catches are another proof of the Lnterrelations 
of hydroclimatic changes aind sardine catch in the Adriatic. 

The c01I1tinuous fil.uctuations -of temperature and salinity of the Adriaitic 
sea water were taken (Z u pano vi ć, 1968) as a very good indicator of 
·prevalent and changeable ecological conditions characteristic for the occur.,. 
rence of sardine in the Adriatic. On this basis the author suggested that 
d uring the ingressions the adult sardiine catches were better as well as the 
survirva1 of yournger fish staiges and thei:r catch at recrui,tment due to the 
better biological conditions. This extraordi1nary phenomenon, being periodi­
cally repeated, is :imdicative of an aspect of climatic changes in the sea water 
and the possibility of forecast;ing the phenomenon itself, provided that the 
.observations in the respective area are carried out systematically at regular 
intervais. 

Since the Adriatic sardine require optimum conditions for their :;pawning 
(relatively high salinity, temperature between 10 and 15°C, homothermic and 
homohailine conditians, ,etc.) d.t may be supposed rthart the favouraible biologica,l 
conditions occur at the time of rather strong canfrontation of water masses 
in the Adria tic (Skriva 111 i ć and Zavodnik, 19'73). At that time also 
the cold water care is formed in the Jabuka P~t, origiinatiing from the nort­
hem Adriatic, aind the layer formed in March is markedly homothermal and 
homohaline. The same phenomenon is found in the »equilibrium zone« bet­
'ween the outer margin of the Bay of Kvarner in the north and Monte 
Gargano and Palagruža Sill in the south. This phemomenon is 111ot accidental 
and may be a part of the cause-effect system. 

Studies of the intensity of confrontation of water masses in the Adriatic 
which become particularly prcmounced by the occurrence of i:ngressim1s (B u-
1 j a n, 1953) is, according to the author, of great siginificaince for the appea­
rcmce and catch of sardine along the eastern Adriatic coast. Since the Jabuka 
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Fig. 1. Bathymetric map of the Adriatic. 

Pit (Fig. 1) occupies the position between the southerly and northerly water 
types, it :is held that the fluctuations of the Adriatic oceanographic proper­
ties may be best studied right there. 

RESULTS AND DISCUSSION 

Hydroclimatic changes in the Jabuka Pit 

During the studies of Adriatic thermal structure by thermometric method 
in the spri.ng-summer of 1962 (Županovi ć, 1964) the lowest tempcratures 
were recorded from the Jabuka Hit (10.5 and 10.7°C). The thermocline at 
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the :bottom seems to preserve the rold wiinter water origina:t.iJng trom ihe 
northern Adriatic. Even though present all year round and for several years 
m succession this core of cold water shows certain fluctuations disappeari.!ng 
in some years. This is ilil fact applicable to the years of ingressions when it 
fu,1ly diJ.Sappears in March. It ds just this disapperance of co.ld winter water 
from the Jabuka .Pit which, as it will be 1seen Jater, plays a very significant 
part i:n Lhe formation of the Adriatic water structure. However, to observe 
properly these occurrences it is necessary to know the following: 

l. positions of the cores of cold winter water, 
2. temperature of the cores, 
J. structure of thermocli.!ne. 

The position of rthe oores of cold water is to a certain extent arl:fected by 
the currenrt system whlch is changed with wmd oonditions (D ietriich et 
al., 1968). The temperature of cold water cores ,~s also determined by the 
cold of previous winters. Very cold wililters which frequent the Adriatic 
affect to a ccmsiderable extent those ~nteinsified activaticms of the cold water 
cores. 

Prah m (1958) founid that bottom i!ngression of coid Ice'landic water 
into the central part of the Nort Sea showed considerable fluctuations in 
summer from one year to another. This aiuthor tried to bring these flu­
ctuations into connexion wi-th the temperature condi tions o,f the previo'US 
year. NameJy the oolder the w.imlter the wa:ter at the bottom was colder an:d 
vice versa. 

Some anailogous iPhenomena were recorded trom •the Adriatic. 
Po 11 a k (1951), analysing the temperature data from station A 28 of 

the NAJADE Expedition in the South Adriatic Pit (see F,ig. 1), found a homo­
geneous water layer from bottom to surface OII1 March 3, 1911. Temperature 
varied between 12.78° a,nd 13.21°C. Of all the NAJADE and CICLOPE staticms 
the staticm A 28 showed this homogeneity on only one ,occasion. On all the 
other stations water was well mixed even though never from bottom to 
sur.face. The fact that this phenomenon was recorded on only one occasion 
in the course of 12 NAJADE Expedition cruii.ses (1911-1914), is indicative 
of i'ts irregu,lar occurrence ais well as the poss:iibhlity of its being repeated. Tihe 
Adriatic bottom water, which penetra.tes into the Mediteroonea1I1, origililaites 
probably, after the same author, from the mid-Adria~ic deeps. The water 
which disappears from the mid-Adriatic deeps may be, in turn, repl&ced by 
the water from marginal areas through advection or by the means of surface 
water at time when the stability of water column is insignifica1I1t like it was 
at station A 28 in March 1911. Another possibility is the combinati01n of 
vertical amd horizontal mixing. One such combination was recorded from 
the Jabuka Pit where, like at station A 28, the water layer was markedly 
homogeneous, mixed from bottom to surface, on March 1, 1911. Potential 
temperature of the 0-200 m varied from 11.41 to ll.99°C at statiolil 
A 13 in the Jabuka Pit (see Fig. 1). Potential density was for the same depth 
28.99 to 29.41 bt. Not [ater than at the ibeginning of February 1912 this :J.ayer 
was not any fonger homogeneous down to the bottom. Marked homothermy 
with increased temperature was recorded down to 150 m below which depth 
tli.ere was the thermocline with cold winter water. Potential densit:y was 
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at all the layers lower thain in 1911. Whereas the density was 29.41 c5t at 200 m 
in 1911 it f.ell to 29.18 c\ at the same isobathe i.n 1912 and 1913. Moreover, 
at 250 m dcpth and at the bottom (265 m) density was much lower than at 
200 m in 1911. Thiis densiity rdecrea.se 1n 1912 aind 1913 ma.y ibe due ,to 1:Jhe 
more in'censive sinking of cold bottom water in the South Adriatic Pit in 
1911. Ra'p~d outfi1ow od' oo1der and dienser bottoon A!driatiic water into tlle 
eaistern Mediterranean i-s probaibly compensated by :increaised ing-ressicn of 
more sali1ne Mediterranean water i:n.to the Adriatic. Such an occurrence was 
recordeJ. by B ulja n (1957) much earlier when analysing the temperature 
variations of the open Adriatic waters from the NAJADE and CICLOPE 
collections from the South Adriatic aind Jabuka Pit in 1911-1914. 

Similar \,Vas recorded from the Jabuka Pit after the Second World War. 
Salinity and temperature data were collected from the stations 46 (43°14'N 
and 15°12.5'E) am.d 50 (43°03·5'N and 15°07'E) of th.e HVAR Expedition in 
M2.rch and April 1949 (Ka r 1 ova c, 1956). 

An analysis of temperature data from station 46 shows the variations 
between 12.2° aind 11.4°C. Homothemny recorded from ,bottom -to surface was 
sirrniil,a;r rto .that reoorded on Maroh 1, 1911. !PotentiaJl de111Sity .in 1949 exceeded 
that in 1911 particularly in the surface layers. Very soan, by the Apriil, i. e. 
not more t:han 43 days ila!ter, rdensity rapiidly -decreased i,n the surface laye-r.c,, 
whe reas at the bottom (259 m) the water was very coid (10.2°C). The sinking 
of thicker .Jabuka Pit water southwards ,;vhen it surpasses a defined thickness 
lir,1it, c;;rnses a greater advection of the inorthern Adriatic water. Such an 
o<.:currence was recorded frnm the station 50 :im. the Jabuka Pit in April 1949. 
Cold water was foumd at the bottom in the same ar,ea in February 1951: 
ll.'15°C and 29.42 at (B u 1 ja n and Mari ll1 kov i ć, 1956). The sea water 
temperature in the Jabuka Pit im February 1951 was almost the same as that 
at station A 13 in February 1914. These two identical occurrences are indica­
tivc of their identical causes. 

Po 11 a k (1951) holds that t he Adriamc water structurc is, clue to its 
shallow11ess, closely oonnectecl with the »weather regime-« fluct u.ations. After 
this author, the rate of temperat ure fluctuations i,n the Adriatic is not lmown, 
although there is no doubt that the outflow of the Adriatic water over thc­
Otranto Strait is qui.te irregular a11d far from being continuous. Both B u-
1 ja n (1953) amd Zore - A r ma n da (1963, 1965) aJ.so cons,Mer that the 
ing-ressiolllS of o:nore siline Mediterranean wart-er d1nto the AdriaUc ,do not 
occur every year but after several years or so at a def~ned rhythm (B u 1 j a n, 
1953). The coiillcidences of cold winters, like those of 1910/11, 1912/13, 1922, 
mw, 1941 and 1947 and ingressions of more saline water from the south 
proved Lt necessary to continue these studiies so as to show that the oo.inci­
donces o:!: the appearance of more r:aline water and oold winters were nat 
accide:ntal but constarnt. To our optnion, the causes of th2se coiincide.nces are 
probably due to the influence of climatic factors which show a defiined cycli<.: 
rhythm (S o r kina and P e n j kov, 1973). 

ž u p a nov i ć (1968) tnied to accou.nt for this coincidence by the effects 
of rnnx-, other than marine, climatic factors which show a defined rhythm. 
Ve~· tical convection will penetrate considerable depth Oinly when coid conti--
11c:1tal polar air masses dominate over the Adriatic for a longer period and 
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frequentl.y enough. It is also the time of very cold Adriatic winters always 
accornpanied by imgressions amd advective flows of water frorn one basin i[lto 
another (Zore - A r ma n da, 1984) . During the penetra;tion of co1d polar 
air the coolLng and evaporation are intensified in the surface layer. Too 
sitrong evaporation affects arn increaise of density of surfaoe warter which si:nks 
to Gle bottorn, particularly in the rnorthern Adriatic. Thus the bottom water 
d12nsity attained 29.53 c\ i1n the area of the Adriatic Sill iin spring 1913. Den­
sity was still higher, 29.64 r\ at lfi0 m in spring 1949. Higher densities are 
causcd by cold winters to which more pronounced advective intrusions oi' 
dc,ns,2 ,·wrthern Adrla'ćic water into the Jabuka P it are due. This occurs whe;J 
the northern Adriatic water surpasses a defined deins/.ty limit like it happened 
a~ter the cold winters of 1910/11, 1912/13 a;nd 1946/47. 

Occurrenoes similar to those of 1910/11, 1912/13 and 1946/47 were recor­
ded in 1955/56 and 1962/63 as well, 

Thus, :for exarnple, when after the severe winter of 1955/55 in February 
1956 the surface ternperatu!le was 3.2° off the Marjain Cape in the Kaštela 
Bay (B u 1 j a n aind Zore - A r ma n da, 1966), the cold winter vrnter core 
was agairn present in the Jabuka Pit. This core was there all y-ear long at 
200--265 m depth. The same vvas recorded from the Palagruža Sill over 
wb.idi th is cold water flows to the South Adriatic Pit. 

Bottom temperatures in the Jabuka Pit amd Palagruža Sill in 1956/57 
(B u I j a n and Zor e - A r ma n da, 1966) ar·e presented in Table 1. 

Table 1. Bottom iemperatures at station 3 (Jabuka Pit) and 11 (Palagruža Sill) in 
1956/57 

Depth 1956 1957 
(m) April August November March June 

3 11 3 11 3 11 3 11 3 11 

150 11 ,94 12.56 10.26 10.40 14.30 12.75 13.00 12,76 14.15 
170 10.53 10,87 12,18 t.3.9U 
200 10,13 9.58 9.59 10,50 11.91 
240 9.30 
250 9.45 9.59 
260- 26f., 9.43 9,95 

In 1953 t21nperatures increased at the bottom of the Jabuka Pit amd on 
the Pa!laigriuža Sili (B u 11 j a n and Z o r e - A r ma n da, 1966). After B u­
] j a n (1957) temperature increases are due to the periodic ingressioms of 
more salirue Mediterranean water. On the contrary, during poorer Ivied~ter­
ranean influence the Adriatic in sitii factors are better marked. Thus, for 
example, in March 1962, a marked hornotherrny was rernrded from the Jabu-­
ka Pit instead of cold bottorn water. 

Teismperature and densiity recorded from the stations 6228 (M .i 11 e r et 
.al., 1970) at the end of February 1962 and from s-tati cm 3 (B u 1 j a n and 
Zore - A. r rn a 111 cl a, 1966) at the beginning of March 1962, both . in the 
.Jabuka Pit, are presented dm. Table 2. 
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Table 2. Temperature and at at sta-tions 6228 
Jabuka Pit 

Depth .,.Atlantis« (6228) 
(m) Feb.-. 2, 1962 

T• at 

o 12.95 29.05 
10 12.95 29.05 
20 12.95 29.05 
30 12.94 29.05 
50 12.94 29.04 
75 12.95 29.06 

100 12.95 29.05 
150 12.93 29.05 
200 12.93 29.05 
250-255 12.93 29.05 
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(ATLANTIS) and 3 (BIOS) in the 

.,.Bios« (3) 
March 3, 1962 

T• at 

13.00 29.09 
12.94 29.11 
12.94 29.13 
12.94 29.14 
12.94 29.19 
12.94 29,09 
12.94 29.07 
12.94 29.11 
12.96 29.10 
12.96 29.09 

As shown by Table 2, potential temperature at 0-255 m depth va.ies 
from 12.93 to 13.00°C and potential density from 29.04 to and 29.19 1\ The 
obtaincd data are imdicative of the homothermy. The water that disappeared 
from the Jabuka Pit was recorded from the Otranto Strait (Mi 11 e r, 1963). 

The author tried to bring imto connexion the occurrence of this impor­
tant phenomenon in the Jabuka Pit and the respective hydroclimatic factors 
which occur at defined time intervals. »Weather regime« effects are of great 
sig.nificance in the Adriatic owimg to its m~an deph of 239 m aind particularly 
owing to the depths below 100 m which ccmstitute about one third of its 
total volume. Therefore, no wonder, that temperature changes are rather 
frequent .in individual seasons, particularly in surface layers. 

The obtained data on the Adriatic thermal structure in spring 1962 may 
lead us to assume that vertical convectiOIIl of water masses in March 1962 
probably affected the advective motions of the sea water in both dir ections. 
Thus, for example, rriore saline Mediterranean water, with mean salinity 
38.7%0 tZ u pano vi ć and Zore -A r ma n da, 1963) was recorded at the 
bottom of Palagruža Sill not )a ter than, in September 1962. 

The occurrence of more saline water at the Palagruža Sill and i,n some 
parts of the Jabuka Pit B u l j a IIl (1953) called »medi um imgressions«. This 
resuJted from the intesive mixing of water masses in the Jabuka Pit hke it 
happened in March 1962. At that time, as well, the outflow of »colder Jabuka 
Pit water« took place as well as the intensification • of advective fllow of the 
more salim.e Mediterranean water into the Adriatic. The sinkings of the 
denser waters from the Jabulrn Pit seems to be immediately compensated by 
the penetration of Mediterranean water. This, to a certain extent, was proved 
by B u ,1 ja IIl '(1953) who accou.nted for the ocourrence .of ~•mediium :i,ngres-­
sions« which preceded strong ingress,ion in the areas of the Palagruža Sill 
and Jabuka Pit. 

At the same time, the occurrence of the Mediterranean water on the 
Palagruža Sill im September 1962 may be indicative of the possibility of 
advective motions of the rnorth Adriatic deep water towards the Jabuka Pit 
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iJil spr ing-summer caused by the effects of the same climatic factor. Thus, not 
later than 1n September 1962 the bottom temperatures were 10.5 to ll.0°C 
art statiorus 44, 47 and 48 (closer ,to the ooast) in 1the Jaibiuika Pit. The a,nailysis 
of ,graphs obtained :by bathythermograph for both more and leiss offshore sta­
tions of the Jabuka Pit are indicative of such a possibility (Fig. 2). 
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Fig. 2. Bathythermograms of the stations 44, 47 and 48 in the Jabuka Pit. 

The a,bove mentioned g,raphs from .the stations 44, 47 amd 48 show thart 
the outflow of colder water from the 111orthern Adriatic towards the Jabuka 
Pit was recorded as early as in September 1962' (10.5°C). This phenomenon 
was stil] intensified after the very cold w inter of 1962/63 when the cold 
water (9.58°C) was recorded from the Palagruža Si11 ailready at the :beginning 
of March 1963. At the same time the temperatures recorded at the bottom of 
station 51 in the Jabuka Pit (B u 1 j a n and Zore - A r ma n da, 1966) by 
reversilble thermometer were also very low: Om (23.7°C); 100 (14.9°C); 150 
(10.1 °); and 260 m (9.2°C). Stiill colder Jabuka Pi,t water was recorded from sta­
tion 50 in the close vicinity of station 3 (43°04'N and 15°06'E) in May (Fig. 3) 
as well as from the stations 46 and 47 • in September and October 1963 
(Fig. 4). 
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Fig. 3. Bathythermogram of the s•tation 50 in the Jabuka Pit. 
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Fig. 4. Bathythermograans of the statlons 46 and 47 in the Jabuka Pit. 

The occurrence of very cold water in the Jabuka Pit coi..."'1cides i;n time 
wi/th ;t;he occurrence of the easterly Mediterranean water on -the Pailag.ruža 
Sill. 

Fluctuations of Hydrographic Properties in the Jabuka Pit in 1963-1966 

Piotllak (1951) suggests tha,t the water which disappears from the mtd­
Adriatic deeps in individual years may, in turn, be replaced by the water 
from adjacent areas by advection or by the surface water when stability of 
water column is insignifica[lt. The same author also offers another possibility, 
a combination of vertical and horizontal mixing which was recorded from 
the Jabuka Pit in 1963-1966. 
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B u l j a ri1 (1953) considers that periodic iff1gressioms of more saline and 
nutrie!lt rich Mediterranean w ater iil1to the Adriatic are accompa.1ied with 
the respective temperature increase of the open Adriatic waters, particularly 
s,outhern and m.:iJddle Adriattc waiters i1n wiinter. 

• I-Iowever, in additi.o.n to a temperature increase of the open middle 
Adriatic waters in winter, the rise of colder water from deep layers to the 
surface (upwelling) was recorded from the Jabuka Pit stations, particularly 
the more offshore ones, in spring-summer. These data refer to May 1963, 
June 1964, 1965 and 1966 and to September and October 1963, 1965 and 1966. 

;50 

FJg. 5. Pos,itions of stafions aJong ,the poofiles A, B a:nd C dn the 
Jabuka Pit. 

Stalion positions are presented i.lll Fig. 5. Profiles A, B and C are trans­
versally located. Temperature variatio.ns at respective profiles are given by 
graphs :in F.igs. 6 amd 7. 

The a:nalys is of temperature variations in i.llldividual years as presented 
in Fig. 6, shows very ~ow bottam temperature at :Profile A in May 1963 
(~ 9°C). Markedly low temperatures at the bottom of Jabuka Pit in spring 
1963 are probably due to the very severe winter of 1962/63. This cold water 
cor,e at the ibottom reached, as mentioned aibove, the Pailaigruža Sill'l i:n Mairoh 
1963 (B u 1 ja :n and Zore - A r ma n da, 1966). Northerly winds blowiing 
most foeq:uently froan the land, late meltilng of gla;oiers in the Alps as well 
as the discharges of the River Po and other north Adria.tiic rivers conside-
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rably contributed to this. As a consequence of these factors (and, RS well, 
many others) the rather rapid ourtf1ow of the Adriat1c waters from the »mtd­
Adriatic deeps«, was, probably, compensated by an increased ingression of 
warmer eastern-Mediterranea,:-i water in the imtermediate layer. The tempera­
ture increase of bottom water at profiile A in June 1964, 1965 and particu­
larly 1966 is i1ndicative of intensified advective motions of the waters from 
the southern Adriatic and Mediterranean res,pectively. 
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Fig. 6. Bathythermograms of the profiles A, B and C in the Jabuka Pit in May 
1963 and June 1964, 19~5 and 1966. 

Bottom temperature variations at profiles B amd C, more strongly affected 
by the land, show certain differences. Thus in May 1963 · considerable tempe­
rature differences for the 40-160 m depths were recorded between the sta­
tions oloser fo the coast and the more offshqre ones. The water wa,s colder 
on more offshore stations. At the bottom the water temperature was the 
same on. both profiles (;?: 9°C). The rise of oolder water from deep layers 
to . the surface (upwelling) was particularly pronounced im June 1964, 1965 
and 1966 at the more offshore stations. • • 
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Thc variations of temperatures of the sea water im. the Jabuka Pit, given 
by the graphs tn Fig. 7, show similar trends in September and October 1963, 
1965 and 1966. Low bottom t emperatures (9°C) were recorded both in Sep­
ternber a:nd October 1963. The t emperature of 9-10°C was recorded from 
156---252 m depths at station 50. On the contrary, in October the sinking of 
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Fig. 7. Ba thyth ermograms of the pro,files A, B and C in the Jabuka Pi,t in September· 
and Cotober 1963, 1965 an.d 1966. 

colder water to the bottom (station 43) is indicaij.ve of the outflow uf water 
from the J a buka Pit. The same occurred at profiles B and C. The station 52 
at profile B was sampled im. September and the stations 44 and 47 in Octo­
ber 1963. The low t emperatures at the bottom in the Jabuka Pit in Septem­
ber a !l1Jd OctiQlber are a!lso p ro:baibly due to the very oo1d wi.nr1Jer of 1962/63 
Jlrr-c,e thos·e in May and June. This our assumption 1s .SUJPported by the fad 
t hart; in Septem'ber 1962 lthe temperatUtre was ll.0°C at station 44 aind 15.0°C 
alt s tat iOIIl 47 (profile B). HoweveT, in Octoiber 1963 ltemperature wais much 
lower ( ?: 9°C) at t he sam e staticms . 

Tbe increase of temperature in the bottom and intermediate layers in 
September and Octoiber 1963 shows JS imi:lar ,variatiorns t,o those iin May and 
J un e. So the bottom t emperature at profile A was: 9.0°C (1963), 10.0°C (1965), 
and 11.0"C (1966); and at profile B (the bottom temperatures at stations 44 
a1I1Jd 47 in 1962 are ,taken here) temperature di.fferences by individuaJ years 
were: 10. 5- l l.0°C (1962), ~ 9.0°C (1963) and 11.5°C 1966. • 

B u 1 j a n (1965, 1966) and Zore - A r ma n da (1969) r ecorded minim um 
ternperaLures also from t he areas of the isla nds Hvar, Vis aind P alagruža in 
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sipr,ing-summer. These aruthors hOiLd that these fow temperatures may be due 
to the divergence and upweilling of water .iin those aTeas. Upwelling in :the 
vicinity of more offshore islands in •s.pr.in,g--su.mmer and ;temp·er.a:ture drifferen­
ces between the open se.a and ooa:stal area are attributed to advection 
1nfl'uence which is probaibly more intensive in the open sea. 

Tbe increase of deep water temperature i;n the Jabuka Pit after the 
cold \\inter of 1962/63 may, therefore, be brought into connexion with inten­
sified advective motions of water mas.ses from the southem Adriatic aind 
the Mediterranea:n respectively in the intermediate layer. These mot ions of 
water masses are foT the same period also indicated by the salinity data 
(B u 1 ja n and Z o i' e -A r ma n da, 1966). 

B u I j a n (1953) foUll1d that the Adriatic water is subj ect to long-term 
variatiom and that there are two Adriatic aspects: the aspects of higher 
salinity (salted Adriatic) of shorter duratiolll (the tngressions of re!atively 
more sail.ine waiter frOIIIl t'he Mediterranean i:nto the Adriatk) and the aspeot 
of norma] salinity (less saline Adriatic). 

The foJ111Tier aspedt, acoor.di:ng 1Jo the same author, doe.s no,t occUJr every 
year but shO\vs a more or [ess periJ01di,c lrhythm of fluctu.ations. Thiis fluctu­
aition rhythm wa:i reoorded from the Jabuka Pit in 1948, 1958 and 1966. The 
vairiatii.,ons oi sail.illlity at bc1ttom are give.n 1n Talble 3. 

Table 3. Variations of botom S%9 in the Jabuka Pit in summer of 1948, 1958 and 1966 

1948 1958 1966 
Station Pro- Mon,th Depth S%0 Month Detph S%0 lVIonth Depth So/oo 

file (m) (m) (m) 

40 A VII 176 38.12 IX 177 38.35 VI 165 38.57 
46 A VII 211 38.31 VI 220 38.35 
50 A VIII 251 38.42 VI 260 38.26 
44 B IX 201 38.46 IX 204 38.33 VI 196 38.44 
47 B VII 194 38.60 IX 195 38.42 VI 194 :rn .42 
52 B IX 181 38,48 IX 182 38.37 VI 190 38.37 
56 B VII 185 38.46 IX 185 38.33 VI 170 38.37 
48 C VII 183 38,55 IX 184 38.37 VI 167 38.46 
53 C IX l'll 38,60 IX 174 38.30 VI 170 38.44 
57 C VII 152 38.17 IX 153 38.40 VI 160 :38.39 
61 C IX 139 38.44 IX 145 38.40 VI 140 38.44 

rt appears from Table 3 that bottom salinity in the Jabui:rn P it in 1948 
and 1966 exceeded .that a,t the same staltions in 1958. Hi.gher sailinity in 1948 
and 1966 i.s indicative of -the fact that the Adr~atic wac dy.n.amica'11y ,better 
connCccted with the Mediterra:nea;n. in those years than in 1958. The amalysis 
of variations of mean values (1948 : 38, 53; 1958: 38, 35; 1965 : 38, 42) iin the 
Jabuka Pit in summer is indicative of the motion of the eastern Mediter­
ranean water in the interme diate Jayer -to the Jabuka Pit over the Palagrufa 
Sill, and at the same time to the channel area cf the middk Adrialic (Ž l l­

p a no-vi ć, 1961). 
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Sahnity increase in the Jabuka Pit in indivi.dual years may be taken as 
a good indicator of the movements of water masses in t he Adriatic which 
resu] t in better catches of both pelagic and demersal fish. 

The occurrence of this phenomenon iin the Jabuka Pit at res pective time 
intervals is, to our opini.on, due to relevamt climatic-hydrographic changes 
which occur periodically in the Adriatic as ·well. So, as a consequencf.! of the 
cold wint er of 1962/63, from 1963 on t he sea water transparency sho0Ned 
constaint reduction due to increased eutrophication. The highe.st tra.nspa­
rency reduction was reoorded du:riing the time of eastern Mediterranean wa ter 
influence ,in 1967--1970, which rcsulted irn an cnormous increase of biological 
producticm i!Il t he Adriatic (B u 1 j a n and Zore - A r ma u1 da, 1979). Trans­
parency was lmNest in the Jabuka Pit in spite of the positian of this Pit i111 
the opcn sea aind relatively g.:-cat depth. In these years the sinking of denser 
\vater from thc Jabuka Pit was recorded also in w,inter (February, 1956) that 
is during the season in which the water outflow is otherwise not significant 
(T r o t Li, 1972). The phenom enon 'Of very intensive mixing of different 
water masses probably, after the same author, takes place at the greatest 
Jabuka Pit depths. This outflow of denser water from the Jabuka Pit to the 
South Adriatic Pit via the Palegruža Sill was also recorded by B u 1 j a n 
and Z o r e - A r m a n d a (1966) in summer what is in broad agr eem ent with 
our cmalyscs of t emperature aincl saliini.ty. 

Accordk1gly, t he .Jabuka Pit may be taken as a good i.ll1dicator of diffe­
re.nt oceanolo@i.c phenomena in the Adriatic. This was ind:ir ectly suggested 
by :::; t J. r n (1972). This author, studying general oceanologic properties of 
foe northern Adriatic in 1965 conch:ded that the :;?;: 29.70 <'i, densities were 
cornmon in the no:r-thern A,driatic in February and March. This characterist ic 
phenomenon is, after the same author, of great importance for t he regulation 
o:~ oceanographic regim e of not omly the Adriatic but also of the Ionian Sea 
and J'v'[editerraineall1 bas:ims. The highest dsn.sities in the 'llor thenn Adriatic 
were reoor,ded in the winter-spring from the surface 1layer waters of highes,t 
salinit:;, which, cooli,ng, siink to the bottom \Vherefrom flow southwards. Deep 
waters of equa1l derustty are frequently enoountered from bottom to srnr:face 
during the same season. Nutrient salts which sink together with densc winter 
wi:,Jters from the .1\dr:,a:tk into the eastern Mediterranean are deposiited ·in the 
Jabuka Pit (F aga ne 11 i, 1969). Their reactivation from deep layers to the 
surfooe i.s proba;bily due to »u,pwelling«. In 1:.hi,s way nutrients arr-e tOO!IlSpo1rted 
to the euphotic, bioproductive layer which plays a.n important part particu­
larly afon;g the eastern Adriatic coast in 1summer (:Z u pan o vi ·ć, 1969a) . 

The ij,rnportance of ilocal comip,OU1ents in this ·proces:s wais proved by the 
most recent studies of some dynamic properties of the eastern Adriatic c:::>a:;tal 
area (Z o r e - A r ma n d .a et aJ., 1979). These studies have shown that the 
W flo\v direction in the surface layer is an onshore flow in the larger part 
of t he coastal area. With respect to the fact t h.:.1.t this flow dir ect:on is more 
frequent in the colder periocls it is clue t o bora, that is NE wincl, rather 
frequent in the areas of Blitvenica and Jabuka Pit driving the surface byer 
wat~r offshor,e. The seconcl quadraint direct io.ns ar,e prevalent b the bottom 
layer (NE, E aind SE) , whLch are CO!ITipen.satory flows t.o the surfa.ce layer f.low. 
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: The onshore flow (NE amd· E) is of great importa;nce since it carries deep 
layer · water to the coastal area. Ln this way the circulatiom. between the 
coastal area and the open sea is established which is reflected upon the 
»ur:welling« occurrence in the Jabuka Pit liJn spring-summer. 

The most recent studies show that the Jabuka Pit is the richest Adriatic 
area as to the nutrient salts (,except for the organic phosphorus). B u 1 j a n 
et at (1975) proved this fact startin.g thait: ►► • •• Jaibuka Pit is the a-rea richest 
in a1l .nutrtl.ents (exceipt ,in P-org.). rt acts as a supiplier of ali nutr1ents for 
the Palagruža Sill and the South Adriatic Pit. This conclusion is based cm 
the well knowm fact that itn the Adriatic the waters from all parts of this 
sea are mixed (no staginant waters !). We explain the mentioned role of this 
Pit oy its position, which allows the use and gatheriing of nutrient salts 
which come from the s·haJ1lower and richer north A!driatic.« 

• The fact that the Jabuka Pit is rich im nutrient salts must logically be 
reflected upon the plant and animal life of this area. The occurrence o[ 
►►Upwelling« in the Jabuka Pit (Županovi ć, 1969a) adds also to this 
s_ituation. Cold waters, rich in nutrients, rising to the surface (as a coin.se­
que1).ce of climatic factors) increase· the production of this and adjacent areas. 
It is most probable that by the ►►Upwelling« occurrence, the deep Jabuka Pit 
wat~rs, which are, as already showm, rich in nutrien.ts affect large catches at 
Blitvenica (B u 1 j a 111 , 1974). 

The occurren.ce of this pheinome,non in the Jabuka Pit at defined inter­
vals, aliowed the author of this account (Z u pan o vi ć, 1968) to bring some 
hydroclimatic changcs into connexion with the long-term fluctuations of 
sardine catches afonig the eaistern Adriatic ooast ithrough centuries (Z u pa­
no v i ć, MS). 

Deductive biological effects oj hydroclimatic changes 

Pet ter s on (1926) found very high coincidffilce between cold winters , 
hydrographic changes and herring catch near Bohuslam. Very big cat ches 
between 1876 amd 1897 near Bohuslan were, after the fame autho,r, affected 
by invasions of high salinity water bearimg Bank herring in to Skagerrak. 
The same author also recorded that there were ten ice wi,nters between 1875 
and 1897, of which some were so severe that sea traffic wa_s stopped for one 
br two months. 

This, after Le D a no i s (1938) was the period of great transgressions 
o,f the Atlai11ittc waters whi,ch ,ooinctded with famo-us •►>o:ItiJraculioUJS« catches of 
Norwegian herring. E a sto 111 (1928) ulso held the 1875 to be markedly cold 
in western Europe. The lowest annual mean air temperature for the 1858-
-1908 period im Hv&., rucl:chle Adriat.i,c, . wias ailso recorded in 1875 (Z u pa­
nov [ c, 1968). In ,the Adriatic, [ilke in the north Euro.pe, the iln:g.ressions 
of moTe sailine Medirt:er~aneain water mto the Adri.iatic were recorded (B u 1 j a n, 
1953). In these years of increased salilnity and temperature following thc 
cold w inter of 1874/75, considerable catches of sardine were realized aloing 
the eastern Adriatic coast, evidenced by their been exported from Dalmatia 
(F a b e r, 1883). 
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The connexion between cold winters which cause lower mm1mum i111. the 
northern Addatk and affect the increase of sa1inity of the Adriatiic basin . by 
the Medite!I'ranean water, was aJ:so recorded after the Second World War 
(B u 1 j a n, 1953; Zore, 1956). These increases of salinity due to the Medi7 

terr2onea1n water do not occur regularly but at a defined rhythm. These chan­
ges are probably, to the opi.111..iom. of the author, caused by some climaiic chan­
ges directly conmected to the differeRces between hydrographic factors in 
the noriherm Adriatic and those in the southern Adriatic and the Mediter­
ranean. 

županovi ć and Zore - A r ma n da (1963), a111.d :Z u pano vi ć (1968) 
s:tudied :the reiatiionship 'between clirrna.ti~ factors, hydrographic changes anid 
sardine catch at Vis Island in the middle Adriatic. The obtained relatiolilship 
between sardine catch at Vis in 1875/1889 and that in 1948/1962, both periods 
following strong i,ngr,essiom of more sali1ne waters into the Adriatic, show 
highly significant correlation betweein these two per~ods (r = 0.8712; P /t/ 
> 6.3989 = < 0.001). Highly significant value is indiciative of their identical 
causes. 

tona 

5000 

2500 

191/6 .,;7 1/8 ,:9 50 51 52 53 5,: 55 56 57 58 59 god. 
,:9 50 51 52 53 5,: 55 56 57 58 59 f,0 61 62 

Fig. 8. The relationshlp between mean air temperatur·e and sar­
dine catch in the area of the middle Adriatic three years 
later. The first series of years refers to .the mean a-ir tem­
perature, and the second one to the sardine catch. 

Ta i t and Mart i n (1965) pQ'ilnted to the clear association between the 
intrusio:ns of cold water of Arctic origin and fish stock in the Faroe-Shetland 
cha111nels. High, medium and low herril11g catches in the area of Minch in 
1920-1959 were dependent on very strong, medium or non-illltrusions of. 
co.1d Arctiic water into .the Faroe...,Shetland channels three yeairs before. 

This example sh.ows that the instrusions of cold Arctic water in the 
Faroe-Shetla111.d channels causes the increase of production of water masses 
what further bears better fish recruitment durilng these »Arctic« years well 
reflected upOIIl better commercial catches three years later. 
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župan o-., i ć (1968) found similar situation fer the Aclriati.c sardine. 
GraphicaJ presentation of the ool'r,elation between sar.dillle catch and air tem-• 
perature in the J.9-13-1962 period is givein in Fig. S. Meteorological data on 
air temperature were made avai:lable by the meteoroll-o:g1caJ o;b.servatory »Mar­
jan«, Spl.it and data Qln catch for the earlier Split county (Brač, Hs12r, Vis) 
i·ncluding also Makarska district, were obtained from the In:;titute of Stati­
stics for the Sociwist Repuhlic of Croatia. 

The graphs in Fig. 3 show very clearly, even though not completely 
(s,iince the data Qln temperature give mean temperatures), the coincidence of 
cold winters and better sardine catches three years later. 

Here too, likie for herring in Minch, climatic factors affect better fish 
recruitme;,1t durirr,g i!ntrusion of colcl. alild dry »polar« anticyclone, what i:; 
reflected u.pon better sardine catches three years later. 

Thls correlation between hydroclimatic changes was stili better mairiked in 
the Jabuka Pit after very cold winter of 1962/1963. After marked homot-­
hermy at station 3 i:n March 1962, not later than k1 September of the same 
year the eastem1-Mediterranean wate::- of high salinity (38. 7%o) was recorded 
from the Palagruža SillJ. as well a;s the ,intrusion of the north-Adriatic oo}d 
water into the Jab"1ka Pit {10.5cC). This phenomenon was better marked in 
spring-summer 1963. It is indicative of a very strong ingression a-fter very 
cold winter of 1962/63 following ,►medium« i1ngression of 1955/56. 

Increc:sed effects of the eastern-MediterraneĐm water, particul.arly ilil the 
1967-1970 period, caused not anly the increase of organic productio:n but 
affecteci the increase of sardine catch along the eastern Adriatic coast. This 
i,ncrease of catch may be brought i(nto connexion with the better biological 
oonditi,ons for survivall o>f yournger fish stages whi:ch oonsequentily results in 
increased biomass of year classes available to commercial fishing. The ana­
lysis of age frequency of sardine catches p:·oves this assumption. It was found 
that sardine of the first to eight year classes were present iln catches. Indi­
viduals of the third and fourth age groups made up the bulk of catches 
(48.760/o). Fish of the first year class and those older than five were poorely 
represented i:n the catches from this fishir.::; gro~~nd (S ino v č i ć, 1935). 
Maximum catches of third and fourth age grou.ps fully coincide with the 
maximum sardine catcb.es in the 1963 through 1980 period. The co:":-elation 
be tv?een sardine catch along the eastern A..driatic coast and temperature v2ria­
tions ai. the bottom of Jabuka Pit i:n spring (March-Jm1e) periods of the 
1955--1980 are presented by the graphs in fig. 9. Covrelation was calculat0d 
for the period 1963 through 1980. The correlation coefficient (r = 0.79; P/t/ 
< 0.001) is highly significant what is indicative of the apparent correlation 
behveen hydrnclimatic changes and sardime catch along the eastern Adriatic 
coast. The Jabulrn Pit \vhere mixing of water masses is best evident, as 
mentioned in the IntroductlQlll chapter, is best suitable far the observations 
of thi:s phenomenon sinoe the mixed water masses are of different ori,g,in. 

P u ch e r - P e t k ovi ć and Zore - A r ma n da (1973) ancl Ka r 1 o­
va c, J. et a,L, (1974) oontiinu-ed the same analysis but with far more ele­
ments, takirng into account the same »regulator« that is the advection of the 
eastern-Mediterranean water caused by olimatic factors, which a.d'fect the 
long-term Adriatic produ.ction. The Đmalysis of small pelagic fish catch sta-
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tistics, primaTy prodruction and climatic conditions three years ea,r,lier, i:ndi­
cates the sa'Ine phenomooon. 

Accordi:ng to the same authors, primary production conditions, that is 
climatic conditioms throughout the three year period affect the secondary 
production but are most effective »in the year of spawning«. The statements 
oI the authors seem as if being a simple addition to the experience of the 
north Adriatic fishermen over centuries which acoount for their good and 
bat catches in individual. year by ». . . the ccmditions which cause them«. 
Among these the oonditions at the time of spawni.ing hold the .top :posittion, 
since »if the sea was rough aH was goin.g to be wehl, and if the sea was ca1Im 
nothimg was going to be well« (A 111. on, 1G60). 
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Fig. 9. The ,relationsh1p between bottom temperature (240-260 m) 
in the Jabuka P it and total sardine catch along the eastern 
Adriatic coast in the 1963-1980 period. 

The most recent observations of tbe behaviour of small pelag,ic fish, that 
oI sardine i:n particular, by means of ,echo-1ntegrators prove the above. At 
the »rough sea«, between 3 and 3.5 Beauforts, fish concentrations were larger 
than during slightly agitated or calm sea (A n on, 1985). 
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Perhaps these rich catches may be partly attributed to »insuJficiently 
high ternperatures of the sea« as reported by the same representative from 
Palestrina im 1855 (A no :n, 1960). Z u pano vi ć (1955, 1968, 1969a and b) 
agrees with this possibility when stating that better sardine catches duri111g 
cold seasons may be brought into connexion with the cooling of surface water 
whiich causes better ooncentration of adu;lt sa,rdime 'Clue to the mixi.ng of water 
masses of different 011igims. 

If cold wilnters are frequent enough (1962/63; 1967 /68, 1972/73; 1978/79) 
the above mentioned factors may, probably, have cumulative effect on. thc 
sardine population in the Adriatic as it happened in the 1963-1980 period 

CONCLUSIONS 

From the obtained data, although still preliminary, we could come to 
the following conclusions: 

1. The study of the thermal structure of the Adriatic points to some very 
distinct locaJ differences in the vertica,1 graidient of the temperature. The lowest 
temperature in the Adriatic during our resea,rches were reoorded from the area 
of Jabuka Pit in 1962 (See F.iig. 1). This care of the oo:1d wiinter water, ailthough 
present all the year long, even in several successive years, is mot constantly 
pres0111t in this area, but shows certain fluctuations. In some years, in 
March, it may disaippear. Just this disappearainoe of oo:l!d water kom the 
Jabuka Pit, to our opinion, plays a very important part in forming the water 
structure of the Adni.atic. 

2. The temperatures of the cold water cores in the Adriatic seem to be 
determined by the cold of the previous years. Very cold winters which perio­
di,cally ocouir iln the Adriiatic, ,iJnfJuenoe, to the author's opinion, an intensive 
adivation of the oo1d water oores. The sinikmg of the denser waters in the 
Jaibuika Pit southwar,ds when they sur.pass a certain densiity limit, as the ca,se 
was after the oold winter of 1962/1963, causes a ,greater aidvection of the 
North Aidriatic waters into the midd,le and southern Adriatic, or of the more 
sail,iJne Mediterranean waters (Levantine intermediate water) i:nt,o the Adriatic. 

3. The author has tried to brilng into connexion the existence of a certain 
coincidence between cold winters, the ingressions of the eastern Mediterranean 
deep water in the Adriatic, and the better fish recruitment im »polar« years 
which is reflected in commercial catches three and more years later (See Fig. 
8). Here we think, in the fi11st rp.l.aoe, iof the penetration of the poiJ.ar ai.r 
masses, showing a cyclic rhythm, in the eastern Mediterrainean aind in thc 
Adriati.c. Vertical cO'Ilvection will penetrate considerable depths only in the 
time when the oold polar air masses are dominanting for a langer period 
of very cold winters iln the Adriatic and frequently enough. It is also the 
period of very cold winters in the Adriatic always accompanied by advectiv·c 
intrusions of the eastertn Mediterraneam. (Levantine) intermediate water in 
the Adriatic and very high sardilne catches. 

Very high value of correlation coefficient (r = 0.79) between the bottom 
temperature im the Jabuka Pit amd the eastern Adriatic sardine catch from 
1963 through 1980 (see Fig. 9) is highly significant (P < 0.001). 
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If cold winters become more frequent (as during 1962/63- 1968/69) such 
faciors might probably have cumulative effects on the sardine populaticm in 
the Adriatic. 

4. Fu rthevmore, the author has fou:nd that sardine catch fluctuations in 
the Adriatic, coincided, after the cold winter of 1962/63, also with the catch 
of other spedes in the northem he,rru51phere. By bas.i.nig it on this he has. 
conciuded, just like some other authors did, that the cause of sardine catch 
fluctuations should be studied in relation to world-wide common climatic 
conditions. 

5. Rec2nt changes of fish stock iin the North Sea show similar ~rend to 
that of sardine and other pelagic species catches in the Adriatic. The 1dentity 
of these occurrences poin1Js ,to the eventuail common ca111ses. Therefore it 
is nidt a,t aill su:rprisililig :to find some interrela-ted bi,011ogicalJ. phenomena 
in quite distdnd and far apart regi,on,s in the northern hemisphere-. These 
phenamena, frequently r€'{)()r-ded, are pr,obaibly, due to oomm,on climatic fadors 
(C t.l s hi n g and Di c ks on, 1976; C u s hi n g, 1978) and their eifects on 
the fish stocks, a1nd particularly on their recruitments, may be common te 
a certai n extent (C u s hi n g, 1982). 

REFERENCES 

A l e gr i a H e r na n d e z, V. 1983. Assessment of pelagic fish abundance along 
the eastern Adriatic coast with special regard to sardine (Sardina pilchardus 
Walb.) population. Acta Adriat., 24 :55- 95. 

A no n., 1960. Dubinski Tibolov (prli.r. B. Stulli). Prinosi proučiavanju ekonomike 
ribarstva i ribarskog prava, 3. JAZU Zagreb, 152 pp. 

A no n., 1985. Ribarstvo i marikultura Dalmacije. II dio istraživanja. Sveuailište u 
Splitu, 79 pp. (mimeo) . 

Bod deke, R. 1963. Influence of the severe winter 1962-63 in Dutch coastal wa­
ters . ICES. CM. 119, 3 pp. 

B u 1 ja n , M. 1953. Fluctualtions o.f saJ,imiity in the Adri,a1tic. I zv. Rep. R'i<b _ 
-biol. Eksped. »Hvair«, 2 (2), 64 pp. 

B u l j a n, M. 1957. Fluctuatiions of temperature in the open Adriatic . Acta Adriat.,. 
8 (7), 26 pp. 

B u 1 j a n , M. 1965. Anomail.ije temperntiure i klmin.~teta mora na posta.ji Stončica 
kod otoka Visa. Pomorski zbornik, 3 :949- 994. 

B u l j a n, M. 1966. Some results of long-term hydrn.graphic investigations at the 
Stonč'ica (Middle Adriatic) . Rapp. Comm. int. Mer Medit., 18 (3) :767- 771. 

B u 1 ja n, M. 1974. Osnovne karakterisUke Jadrana kao produkcionog bazena. Acta 
Adria:t., 16 :31-62. 

B ulja n, M. a,nd M. Mari nk ovi ć. 1956. Some daita on hyidro,gratphy of the 
Adriatic. Acta Adriat., 7 (12) , 56 pp. 

B ulja n, M. and M. Zore - A r ma n da. 1966. Hydrog-raiph:ic da:ta on ,the Adriia- • 
dlic Sea coHected ,in ,the pe~iod firom 1952 thrO!Ugh 1964. Ac-ta Ac:L1iait ., 12, 
438 pp. 

B u l j a n, M., L . Stoj a no s ki and I. Vuk a din. 1975. Distrd,buti-::m of nu,trient 
salts in waters of middle and sowth AdrJatic Sea. Thalassfa Jugosl., 11 :137- 149. 

B u l j a n, M. and M. Z o ir e - A r m a n d a. 1976. Oceanog1raphicaJ p.roperties of: 
• the Adr,iatic Sea. Oceanogr. Ma.r. Biol. Ann. Rev., 14:11- 98. 



186 S. Zupanović 
Biological effects of hydroclimatic changes 

Acta Adriat., 26 (2) : 165-'..189 (1965) 

B u 1 j a n, M. and M. Z o r e - A r m a n da. 1979. I-:Iydrographic properties of the 
Adriatic Sea in the perio'.1 from 1965. through 1970. Acta Adrli.at., 20, 368 pp. 

Ci c 1 o p e. 1911-1914. Boll. Cro<:. perciod., 1, 2, 3 (1912-1914). Venezia. 
C ,ris p, D. J. 1964. MortaHties in man.ine life din N011th Wales during the wLnter of 

1962-3. J. Anim. EcoL, 33 :1 90-1!!7 . 
C u s hi n g, D. H. and R. R. :O ,i c ks o n. 1976. The biolo,g,ical response in the sea 

to climate changes. Adv. mar. Biol., 14 :1-122. 
C u s hi n g, D. H. 1973. Biological effects of climatic change, Rapp. P .. -v. Reun. 

Cons. int. Explor. Mer, 173 :1.07-136. 
C u s hi n g, D. H. 1982. CI-imate and Fisherles. AcaJdemic P,ress. Ine. Londo.n, 373 pp, 
Dan ne vi g, A. 1930. The death of fish in very cold winters. J . Cons. dnt. Explor. 

Mer, 5 :191-196. 
Di c ks on, R. R. and A. J. Le e. 1972. Recent hydro-meteo1rolog.ical ,trends on the 

North Atlantic fishing g.::ounds. Fish. Ind. Rev. Qly of W. F. A., 2:2. 
Dietrich, G., D. Sahrhage and K. Schubei:t. 1968. (Rep.). The localization 

of fish concentrations by the thermometric methods. Modem fishing gear of 
the World. In H. Kristjonsson (Ed1tot·), FAO Fishing News, London, pp. 
453-461. 

E a sto n, C. 1928. Les hivers clans l'Europe occidentak E. J. Brill, Leyden, 210 pp. 
F a b e 1·, G. L. 1883. Fishe-ries of the Adriatic anci the Fish thereof, London, 292 pp. 
F aga n e 11 i, A. 1961. Primi resultati relativi alla concentrazione dei sali nutritiyi 

nelle acque clel mare Mediten1aneo· centr ale e mari- adiacenti. Arch. di ocean. 
e. limn., 12 :191-208. 

H a n c o c k, D. A. and A. E. U r q u h a rt. 1964. Mortaliities of ed~ble cockles 
(Cardiwn edule L .) during the severe winter 1962-3. J. Anim. Ecol., 33:176-
-178. 

I-1 e mp e l, G. 1978. (Editor). North Sea fish stocks-recent changes and their causes. 
Rapp. P .-v. Reun. Cons. perm. int. Explor. Mer, 173, 449 pp. 

H e mp e 1, G. 1978. North Sea fi sheries and fil.i!1 stocks - A review of recent 
changes. Rapp. P.-v. Reun. Cons. int. Explor. Mer, 173:145-167. 

H i 11, H. W. and R. R. Di c ks on, 1978. Long-term changes in the N:orth Sea 
• Hydrography. R,app. l;'.--v. Reun. Cons. int. Explor. Mer, 172 :310-334. 

H o 1 d e n, M. J. 1978. Long-term changes in landings of fish firom the North Sea. 
Rapp. P.-v. Reun. Cons. int. Explor. Mer, 172:11-26. 

Ka~· lov a c, O. 1956. Sta-tion list of the M. V. »Hvar« FisheJ·y biological cTuises 
1948-1949. Izv. Rep. R;ib.-biol. Eksp. »Hva.r«, 1 (3), 179 pp. 

Kairlovac, J .. T. Pucher-Petković, T. Vučetić, M. Zore-Armanda. 
1974. Procjena bioloških resursa Jadr;an2 na osnovi planktona. Acta Adriat. , 
16 :157-13,t 

Le Dan o i s, E. 1922. Nouvelles recherches le Regime des Eaux Atlantique et sur 
la biologie des poissons commestibles. No:tes et Memoires, 17, 16 pp. 

Le Dan o i s, E. 1938. L'Atlant:ique-Histoke et vie d 'un Ocean. Parlis, 290 pp. 
Lu mb Y, J . R. and G. T. At ki n s on, 1929. On the unusual mortality amongst 

fish during March and April 1929 in the North Sea. J. Cons. int. Explor. Mer, 
4:309- 332. 

M i 11 e r, A. R. 1963. Physical Oceanography of Mediterranean Sea. A discourse. 
Rapp. Comm. int. Mer Medit. , 17 (3) :857-871. . 

Mi 11 e •r, A. R., P. T ch e r n -i a, P. Ch a r no c k,. D. A. Me G i 11. 1970. Medli­
terranean Sea Atlas. The Woods Hole Ocean. Inst. Atlas Ser., 3, 170 pp. 

M uži n ii ć, R. 1974. O prostornim i vremenskim karakteristikama nekih pelagičnih 
resursa Jadrana. Acta Adriat., 16, 251-304. 

Na jade, 1911-1914. Berichte tiber die Terminfahrten, 1-12, 1912-1915. 

O rt on, J. H. 1930-31. On the effect of the severe winter of 1928-29 on the oyster 
drills of the Blackwater estuary. J. Mar. Biol. Ass. UK, 17 :301-313. 



S. Zupanović 
Biological effects of hydroclimatic changes 
Acta Adriat., 26 (2) : 165-189 (1985) 

137 

Parsons, T. R., B. O. Jansson, A R. Longhurst, G. Saeter d al (Edi­
tors). 1978. Ma11ine Ecosystems and Fi:,heries Oceanograpphy. Rapp. P.-v. 
Reun. Cons. int. Explor. Mer, 173 :4··-240. 

Pet ter s on, O. 1926. Hydrography, Climate and Fisheries in the Transition Area. 
J. Cons. int. Explor. Mer, l :305-321. 

Plan č i ć, B. 1956. Mogućnosti uzgoja školjkaša u Pirovačkom zaljevu. Morsko 
-ribarstvo, 2, p . 59. 

P o 11 a k, M. J. 1951. The sources of the deep water of the eastern Mediterranean 
sea. J. Mar. Res., 10:128-152. 

Prah m, G. 1953. Summer Eottorn Ternp0r~h:re in two Selected Areas of the 
Centr-al North Sea in t be years 1900-Hl56. Ann. Biol., 13:78-79. 

Pucher-Pe.tković, T., M. Zo ,re - A ,rma.nda and I. Kačić. 1971. Primairy 
and secondary production of the IV!iiddle Adriatic in relation to climatic fac­
tors. Thalassia ,Jugosl., 7 :301-311. 

Pucher-Pe ,tković, T. and M. Zore-Armanda. 1973. Essai d'evalua·tion et 
pronostic de la production en function des facteurs du milieu dan.s l'Adriati­
que. Acta Adr.iat. , 15 (1), 39 pp. 

R e g ne r, S. and M. Gači ć. 1974. The fluctuations of sardine catch along the 
eastern Adriatic coast and solar ,activrity. Acta Adriat., 15 (11), 15 pp. 

R e g n e r, S. and NI. G a č i ć. 1977 . An a ttempt of long forecast of sardine catch 
along the eastern Adriatic coast. Rapp. Comm. int. Mer Medi t., 24 (5) :77-79. 

Rode w a I d, M. 1972. Einige hydroklimatische Besonderheiten des Jahrezeits 
1961-1970 im Nordatlantic and in Nordpolarmeere. Dtsch. Hydrogr. Z., 25:97-
-117. 

S ch e r h a g, R. 1963. Die grčisste Kalteper1iode seit 223 J,ahren. Naturw. Rdsch., 
16:169-174. 

S ch no o r, M. 1929. Vernichtung von Nutzfischen der Otsee durch den strengen 
Winteir. 1VL1tt. d. deutch. Seefischrein-Vereins, 45:5. 

S ch r e i b e r, G. 1931. Smrzavanje morske ribe zimi 1929. g. i kompenzacija u 
ljetnjem ribolovu. Rib . list 1 :62-65. 

S ch r ei b e r, G. 1940. što nam može donijeti godina 1940? Jadr. ribar., 1 :3-4. 

S im p s on, A. C. 1953. Some observ~tions on the mortality of fish and the dl1stri­
bution of plankton in Southern North Sea during the Co'.l.d Winter 1946-1947. 
J. Cons. int. Exp,lor. Mer, 19:150-177. 

S i n o v č i ć, G. 1985. Observations on age and growth of sardine Sardina pilchar­
dus (Walb.) in the mdddle Ad.ri.atic, Ra,pp. Comm. int. Me.r Medit., (in press). 

S o r kina, A. I. i A. P. P e n j kov. 1973. O cikljičnosti v m zviti,i aziatskogo 
anticiklona . Meteorol Gidrol., 8 :96-98. 

š kriv anić, A. and D. Zavodnik. H>73. Migmtions of the Sardine (Sardina 
pilchardus) in relation to hydrographical conditions of the Adriatic sea. Neth. 
J. Sea Res., 7 :7-l.8. 

š ti r n, J. 1972. The general oceano.Jogical characteristics of th!;! North Adriatic 
during 1965. Rapp Comm. int. Explor. Mer Medlit., 20 (4) :631-634. 

'I' a i t, J. B. and. J. H. Mart :i n; 1965. Inferential biological effects of longterm 
Hydrographycal tr~nds d.ed.uced from investigations in the Fa,roe-Shetland 
channel. ICNAF, Spec. Publ., 6:855-858. 

T r o t ti, L. 1972. Pecul:i:arities of deep water distribution in the Mid.dle Adriatic Sea. 
Rapp. Comm. int. Mer Medit., 21 (4) :225-226. 

W a u g h, G. D. 1964. The effect of the severe winter 1962- 1963 on oyste['s and the 
associated fauna of oyster grounds of southern England. J. Anim. Ecol., 
33 :173-175. 



188 S . :2:upanovl~ 
Bioiogical effects of hYdroclimatic changes 

Acta Adriat., 26 (2) : 165-1.89 (1985) 

W o od h e a d, P. M. J. 1964a. The dea,th of fish and suibliltto.ral fauna iJn the North 
Sea a:nd the English Channel dur,iiilg the winter of 1962-63. J . Anim. Ecol., 
33 :169-173. 

W o od h e a d, P . M .. J. 1964b. The death of North Sea fish during the winter of 
1962-63, pariticuJairly with reference to the s,ole, Solea vulgari s. Helg. Wiss. 
Meeresunters., 10 :283-300. 

Z i e g e 1 ma y e r, E. 1964. Einwirkung des kalten winter,s 1962/63 auf des Makro­
benthos im Ostteil der Deutschen Bucht. Helgol. Wiss. Meeresuntel.'S., 10:276-
- 282. 

Zore, M. 1956. On gradient currents in the Adriatic Sea. Acta Adriat., 8 (6), 38 pp. 
Zore - A r ma n da, M. 1963. Les masses d'eau de la mer Adr:iatique. Acta Adriat. , 

10 (3), 94 pp. 
Z o .r e - A r ma n da, M. 1965. Gradijent tlaka zraka u !istočnom Mediteranu i sali­

nitet jadranske vode. Hidrografski godišnjak, 1965, 61-67. 
Zore - A r ma n da, M. 1969. Temperature relations 1n the Adriatic. Acta Adriat7 

13 (5), 51 pp. 
Z o r e - A r ma n da, M. 1984. Hydrogr.aphic and p.roductivity conditions of the P a­

lagruža region in the 1\/Iiddle Adriatli.c. Acta Adriat., 25 :119-138. 
Zore - A r ma n da, M. i T . P u c h e -r - P e ,tko vi ć . 1972. P.redskazivan-je o vjero­

jatno raspoloživoj količini ribe u Jadranu u 1972. godini. Morsko, riba['stvo, 
24:54-56. • 

Z o r e - A r m a n d a, lVI., I. K a č i ć and T. P u c h e r - P e tko vi ć . 1973. Mete­
orological conditli.ons and ichthyologic production in the Adria.tic. Rapp. Comm. 
int. Mer Medit., 21 (10) :809-811. 

Z ore - A r m a n da, M., M. B one and M. Ga č i ć . 1979. Some dynamic cha['ac­
teristics of the east Adriatic Coastal Area. Acta Adriat., 19 (10) :83-100. 

županovi ć, S. HJ55. A statistical contribution to the study in ecology of s•ardine 
(Sardina pilchardus Walb.) in the Centra! Adriatic. Acta Ad.riat., 7 (1) . 31 pp. 

županovi ć, S. 1956. K1ima i srdela. Morsko ribarstvo, 1 :7-10. 
županovi ć, S. 1961. Kvantitativno-kvalitativna analiza ribljih naselja kanala 

srednjeg Jadrana. Acta Adriiat., 9 (3), 151. 
županovi ć, š. 1964. Ispitivanje koncentracija srdele (Sardina f.~lchardus Walb.) 

upotrebom termometrijske metode. Pomorski zbornik, 2 :923-983. 
Z u p a n ovi ć, š. 1968. O uzrocima fluktuacija u lavinama srdele na istočnoj obali 

Jadrana, Anali Jadranskog instituta JAZU, 4:401-491. 
ž u p a no v :i ć, S. 1969a. Study of Sardine (Sardina pilchardus Walb.) behaviour 

in theil· natural environment by echo sounder and environmental factors. 
FAO Fish. Rep. 62 (2) :269-281. 

ž u pano vi ć, S. 1969b. Prilog izučavanju bentoske faune Jabučke kotline. Tha­
lassia Jugosl., 5 :477-493. 

županovi ć, š. 1976. Pr:Hog izučavanju morske faune šibenskog područja. Zbor­
nik 900 godišnj'ice spomena Siberuika: 545- 568. 

2 u pano vi ć, S. et M. Zore - A r ma n da. 1963. Fluctuations hydrngraphiques 
et peche de la sardine (Sardina pilchardus Walb.) sur la cote orientale de 
l 'Adri:atique moyenne. P.roc. gen. F·ish. Coun. Medit., 7:47-56. 

Received: June 12, 1985. 



S. 2upanoVić 
Biologlcal effects of hydroclimatic changes 
Act a Adriat., 26 (2) : 165-189 (1985) 

BIOLOŠKI EFEKTI HIDROKLIMATSKIH PROMJENA 
U SREDNJEM JADRANU 

Šime :Z u p a n o v i ć 

Institut za oceanografiju i ribarstvo, Split, Jugoslavija 

KRATKI SADRZAJ 

189 

Na osnovu ana1ize hidroklimatskih promjena u srednjem Jadranu (Jabu­
čkoj kot.hni) i ulova srdele na istočnoj obali Jadrana (Slika 9), mogli bismo 
izvesti preliminarni zaključak da postoji uska povezanost između klimatsko­
hidrografskih promjena i dugoročnih fluktuacija u lovinama srdele. Odgo ­
varajuće klimatske promjene cikličkog karaktera, praćene prodorom hladnog 
i suhog polarnog zraka u istočni Mediteram i u Jadran, su se pokazale kao 
dobar indikator prevalentnih ekoloških uvjeta, karakterističnih za pojavlji­
vanj e srdele u Jadrainu. Odatle ~ tvrdnja autora da su bolji ulovi adultme 
srdele pojavom ingresija, kao i bolje nadživljavanje larvalnih i juvenilmih 
stadija nalmn mriještenja, odnosno boljeg Ullova isti:h u momentu njihove prve 
do3t upn osti komercij alnom loyu, posljedica boljih bioloških uvjeta u t ti.m 
periodi!ma" Takvu jednu IPOjavu na istočnoj o.bai1i Jadrana imaili ,smo nalkon 
veoma hladne zime 1962/63. 

Sličan trend ulova srdele, kao i ostalih vrsta pelagične ribe u Jadranu, 
p okazuj u i receintne promjene stock-a u Sjevernom moru. Istovj etnost pojava 
bi ukazivala i na eventualne zajedničke poteincijalne uzroke. Zato ruje nimalo 
iznenađujuće ako postoj e izvj esne međusobno povezane biološke pojave izme­
đu raenLh, iaiko dLstancirainih regiona, u sjev-ernoj hemisferi. 

Te ne tako rijetke pojave su najvjerojatnije povezane odgovarajućim 
zajedničkim klimatskim događaj.ima, čiji efekti na riblja naselja , a !1aročito 

na nj.ihovo rt1grutiranje kondd.irnju u izvjesnoj mjeri. 




