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'I'his s,tudy oomprises the results of fjve yea:rs investi­
ga,tions of co.pepods in the coa.stal, channel and open sea 
wa,ters of the middle Adriatic. 

Based on several-yea.r monthly observaitions, it deals 
with the horizonta! distribution of the copepods in the 
middle AdrJatic, seasonal and multiannual changes in the 
qualitative and quanti,tative composition of the copepods, 
and the seasona1l oscillations of copepods number as the 
consequence of the oscmations of abiotic and biotic factors 
of the environment. 

Study compJ·ises the statistical elabora,t'ion of the pe­
riodical fluctuations of copepods depending on temperature, 
salinity, primary production and number of fish eggs, all 
based on a the data 10f five yeair tnvestigatiions. 

INTRODUCTION 

Copepocls ar,e quantitatively best represented zooplankton group, amd 
tberefore one of the most iunportant link in trophic clynamics of marine 
ecosystems. Omnh•ore and particularly herbivore copepods are the first step 
of the food chain being the food of other zooplankters, and what is even 
more importamt, many of the commercially important :E~sh species feed on 
them. 

As a part of this dyna:mk entity, copep,ods are .liaible -to certain ·changes 
(diurnal , seaso:nal arnd multi-ainnual), the knowledge of which is of invaluable 
importance both for idioecological and synecological studies. 

Rather detailed conclusicms o,n the pattern of seasonal and long-term 
copepod variatiom.s may be drawn only from a large number of data. Effects 
of ecological factors are also ~nterdependent thus that in observing the 
efkcts of each individual ecological factor on the plankton copepod commu­
nity, the foct that they, as well, are only a part of the e111tire marine environ­
ment m t:s t not be ignored. 
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Therefore, this paper attempts to interpret statistically the five year 
data series on oopepod species CXl'Illposition and rnumber iJl1 the ooastal , 
channel and open sea areas of the middle Adriatic and to relate them to 
some abiotic and biotic factors of marine environment. The former one,; 
refer to temperature, salinHy and density of the sea water and the latter 
ones to phyto- and ichthyoplankton. We believe that this first statistical 
interpretation of a large number of data willl oontr.ilbute much to the earlier 
copepod studies ill1. this area and provide the basis for the further interpre­
ta.tion of long-term oolle.<;tions trom thils AdriaJti1c •part. 

Species diversity :inidex, a:s a nUJmeriicail expression of copepod group 
striucture, wiilil lbe oibserved :iln thts pa;per (ibased on a large number of data 
for the first time) as weH as its seasonaa. an,d fong--term fJ.uctuations. 

Further, seasonal pattern of changes in total copepod numbers will be 
observed in relation to the mentioned abiotic (temperatuI'e, salinity) a,nd 
biotic (phytoplankton, ichthyoplankton) environmental factors. 

Earlier investigations of the Adriatic copepods 

Cop epods, the major zooplankton group as to the quantity, has been 
given much more attention than other zooplankton groups. Thus, the first 
o::>pepod i:nvest~gations can be traced baok to the end of the nmeteemth cen-­
tur.y when the zoological statioins were founded in Trieste (1875) and Rovinj 
(1891) and first zooplankton investigations carried out in the northern 
Adriatic. 

The reports of the workers include the morphology and ail1atomy of 
.iJndivi-duaJ speoi€S {C :1 a u s, 1881; Car, 1884, 1890, 1890a, 1895-1896; 
Ste u e r, 1895, 1902ai; 1902b, 11903, 1907, 1910a, 1910b; 1913; Gr a e f f e, 1900; 
Grandori, 1910, 1913; Stiasny, 1907; Leder, 1913; Car and Ha-­
dži, 1914a, 1914b; Pesta, 1920; Fruchtl, 1920, 1924, 1934) and species 
inventory lists for individual localities. Brackish water copepods ,;v0ire als::> 
studied (Car, 1902; Had ž i, 1930) and the differemces between them and 
marines copepods due to different features of waters they inhabit established. 
These ccpepods were recorded from the Bay Novigradski zaljev, Port of 
Gr.už, Bay Boka Kotorslka, Port of Za,da-r anid the Bays of Balkar, Rijeka 
and Pula. 

The ,data on eastern Adriatic ,coast zooplankton and -par,ti,cula1rly copepods 
weve oohlected by the R. WIRCHOW trips (1907, 1909, 19Ll). Thi,s large 
collection was almost completely worked out and it provided a basis for 
studies of the Adriatic copepod biology and d;istribution (Ste u e r , 1910: 
F r ii ch t 1, 1920, 1924, 1934). 

From the material collected in the course of the first two cruises 
S te u e r (1910) reported on the horizonta! distribution of the Adri'.ltic cope­
pods, that is their reduciton in number and increase in species number going 
southwardly from the northern Adriatic. This was supported by several later 
investigaiions. The differences between neritic, euryvalent copepods -
phaeopla1nkters amd pelagic kmefoplankters which are more stenovalent (F r ii-
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ch t l, 1924) were also described and all the copepods known so far reviewed 
These researches were particularly intens:ified at the beginn.ilng of twen­

tieth century when the perma;nent International Commission for the Investi­
gations of the Adriat1c was founded. PeriodicaJ explori.n:g voyaiges of the 
Austrian NAJADE (1911-1914) and Italian CICLOPE (1911-1914) exp2ditions 
were organiz,ed by tbiis Commission. Even though all the material collected 
by these expeditions has never been fully worked out, Ste u e r (1913), 
Lede r (1917), Gr a tn do ni (1913), Pest a (1920) and some other authors 
reported cm the distribution of individual copepod species and on some new 
species recorded during these voyages. 

The U:niversity of Zagreb and Yugoslav Academy of Sciences c1.nd Arts, 
Zagreb organized the first Croatian scientific expedition in the northern 
Adriatic iby the ship VILA VELEBITA. Zooplanikton oif the Kvamer Bay 
(Car and Had ž i , 1914a and 1914b) was also studied in the course of this 
expedition. 

Later on, by the fotllil!dation of the Institute of Oceanography an.d Fishe­
ries in Split, these invesyigations were intensified, particularly in the middle 
Adriati1c, the results of whi,oh added much to the first inv€111tory, mono­
graphi,c and eoologica~ reports Jn the Adriart~c oopeyods, parti,oulanly those 
from the 1northern Adriatic. 

Gamu 1 i 1n (1939) gave the first rather complete data on copepods from 
this area from the mater-ial collected from the »Kaštela Bay-« ailld »Maslimica« 
stations in the November 1936-October 1937 period. Annual variations of 
copepod species composition and numbers were also described from these 
first systematic researches. Hydrogarphic features of this area were slmulta­
neously recorded. The differences in copepod composition between the coastal 
area and area among the islands, affected by the open and deeper sea, were 
given as well as the list of Adriatic copepods oomprising 76 species. 

Later on, the data on copepods from the Brač, Hvar and Neretva chan­
nels were given as well as those from Pelegrin and Drvenik-Vis profile 
(Gamu I i n, 1948). They were obtained by ainailyising the oollections of June 
1939 from the central Adriatic staticms. They made a sigmificant oontribution 
and supported the earlier reports on zooplanktcm distribution in the Adriatic, 
that is species number increase and specimen number decrease going from 
the coast towards the open sea. 

In the postwar period a variety of zooplankton papers were published 
by a IJ.a11ge number of authors whtch ldealt wiith different wo~kton groups .. 
and species. 

Yugoslav Fishery-Biology Expedition HV AR, undertaken after World 
War II (1948-1949) covered almost the whole Adriatic basin. Zooplankton 
was later worked out by H 6 enigma 1n (1955, 1958, 1961) amd Vuče ti ć, 
(1963a, 1963b, 1965). 

A nll!ffiber of papers rerport on the copepod diistr~bution, biology a,n,d 
ecology (Pucher, 1952; Hi:ienigman, 1958; Hure and Scotto di 
Carlo, 1967, 1968, 1970; Regner, D., 1971, 1974a, 1974b, 1975; Vučetić, 
1957, 1963, 1964, 1965a, 1965b, 1965c, 1966a, 1966b, 1969, 1973, 1976; Vuk a­
ni ć, 1971; Zavodnik, 1956, 1961). 
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Quantitative ecological observations of the total zooplankton, including 
oopepoids (V u četi ć, 1957, 1958, 1961, 1966, 1969) were ca.rried out within 
the studies of fertilization effects on the bioproduction of the lake of Veliko 
jezero on the Mljet Island as we11. as within ecologircaJ studies wtth respect 
to fertilization of the Bay of Marina. 

Copepod distrdibutm was, f.urther, related ito hydrographic features of 
defined &tudied areas (Vuk anić, 1971) as wel.11 a;s to the cha1niges in the 
distrilmtion of water masses and different Adriatic water types all over the 
Adriatic (Vuče ti ć, 1963, 1969, 1970, 1971, 1973; H ure, 1969; H ure and 
Scotto di Carl.o, 1977, 1979). 

Regula,r monthly oopepod studies were carried out at some Jocailities 
(H. e g ne r, D., 1970, 1973, 1974b; Vuk a a1 i ć, 1971) and the occasional ones 
at some other localities, that is when required, such as for the errection of 
s.ome indrustria,l pJ.ants ~B u 1 j a n, H ure and P u ch e r - Pet kov i ć, 1973). 
19'73). 

Sea~:onal amd long-term fluctuations of the total zooplankton aind copepod 
group, as well as of some quantitatively predominaint copepod species have 
also been regularly studied in the central Adriatic (P u ch e r - Pet kov i ć 
and Vučetić, 1969; Regner, D., 1970; Vučetić, 1965, 1969, 1970; 
Vu če ti ć ancl P u ch e r - Pet kov i ć, 1969; Vuče ti ć and R e g ne r , 
D., 1973). 

The data on the quantity of the Adriatic copepods have been continuously 
sup.plemented (H o e ni g crn a n, 1955, H ure and S c o t to di Car 1 o, 
1968c, 1969a, b; R e g ne r, D., 1974c, 1975). 

Diurnal migrations and vertical distribution of zooplankton and copepods 
in particular, have been studied in detail (H ure, 1955, 1961; H ure a111d 
Scotto di Ca :do, 1968c, 1969a,b,c, 1970, 1974). This prorvides the basis 
for ►►rather full expla.nation of zooplainkton horizonta! distribution« Extent 
of verticail diffusion, the ·causes it i:s due to and the whole series of other 
factor,s which accompany thils phenocrnenon are all.so reported on. 

Many of the papers deal with the relationship between zooplankton and 
its main predator - pelaigiic fish. ThiLS relationshi1P was stiudied from freding 
(l'viužinić, S., 1936; Ercegović, 1940; Gamulin, 1954; Vučetić, 

1954, 1955, 1963a,b,c; Kadovac, J., 1964; Mružin li ć, 1969, 1963; 
š k r i van i ć, and Zavodnik, 1973), foom catches (Vuče ti ć, 1960) 
and comparison between the zooplainkton standiing crop and echo-traces 
(Vuče ti ć rund Ka č i ć, 1973, 1973a). 

The Adriatic zoopl.ankton biomai.ss has ailso been stUJdied and reports on 
its size in the inorthern, central and southertn Adriatic given (Vuče ti ć, 
195'7, 1958, 1961, 1963a, 1966), as well as those on seasonal and long-term 
biomass osciilations (V u četi ć, 1965, 1966, 1970; Vuče-ti ć and P u ch e r -
Pet kov i ć, 1969; P u ch e r - Pet kov i ć and Vuče ti ć, 1969), Ben o­
vi ć (1976) repor,ted on the biomass of individuaQ woplankton groups.. 

Results of comparisons between the zooplankton, aind particularly cope­
pods from the southern Adriatic and those from the stations in the Gulf of 
Naples (H ure and S c o t to di Car 1 o, 1968c, 1970) and Tyrhenian Sea 
(H ure and S c o t to di Car 1 o, 1969a, 1974) were also published. 
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List of copepods known in the Adriatic has continuously been supple­
mented by describhng new spedes (H ure aind S c o t to di C a r 1 o, 1967, 
1968, 1970). Data of š me 1 j e v a (1964, 1965) collected during the Soviet 
expeditions KRISTAL and AKADEMIK KOWALEVSKI also added to the 
list of lmown copepods. 

Adriatic biological resources have been assessed from the pla;nkton and 
consequcntly from the zooplankton, as well (Ka r 1 ova c et al., 1974). 

Effects of urbanization and indust rialization of our coastal areas on 
naturail ecological bailance of the adjacent sea and con:sequently the po.l:lution 
effects on copepod populat~on changes have also been observed (R e g ne r, 
D., 1977; Vu če tić, 1977; Benović et al., 1978). 

The Adriatic zooplankton biochemical composition was separately studied 
(Vuče ti ć, Dam j a a1. i ć and C u b r eto vi ć, 1969). Some of the papers 
dealt with the mercury level fluctuations in the centra! Adriatic (Vuče ti ć, 
V e r n b erg and A n d e r s on, 1974). 

This large nurnber of papers dealing with a variety of topics poiu1t to 
the sigmificance of copepods as quantitatively predominant zooplankton group, 
to which more at tention has been given thrun. to any other component of the 
plankton by a large number of authors both in our co1.mtry an d all over the 
world. 

The Adriatic zooplamkton biomass has also been studied au1.d reports on 
iits size 1n the ·northern, central ain:d southern Adriatic given (V iu č e ti ć, 
1957, 1958, 1961, 1963a, 1966), as w ell as those on seasonal amd long-term 
biomass oscillations (Vuče ti ć, 1965, 1966, 1969, 1970; V uče ti ć and 
Pucher-Petkov i ć, 1969; Pucher-Petković and Vućetić, 

1969), B eno vi ć (1976) reported on the biomass of individua! zooplankton 
groups. 

Programme and goal of inv estigations 

Even though the Adriatic copepods were stud~ed itn cletail our• prese1nt 
knowleclge of the centra! Adriatic • copepods is still u nsatisfactory. 

Therefore the aim of our study was to report on: 

1. t he horizonta! copepod distribution in the coastal part of the eastern 
middle Adriatic, 

2. seasonal and long-term ohanges in oopepod ~pecies composition and 
variatiOIIls of species diversity index, 

3. seasonal a,nd long-term variations of total copepod numbers as influen­
ced by some abiotic environmental factors (temperature, salinity, sea 
water derfsity, current system), 

4. variat.ions of oo,pepod proporlion m total zooplanikton, 

5. predominant copepod species which account for the total copepod 
numbers, 

6. variation:s of the totru copepod number as i'Ilfluenced by some biortic 
environmental factors (phytoplankton, fish, etc.), and 
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7. [Pattern of totail oopepod number variations as illlfilu€Dced by aibiotic 
and biotic environmental factors from a ~ive-year series of data 
oollected frorn three pernna1nent sta,tions of which one is in the coastal 
area, one in the channel area and one under relatively strong open 
sea influence. 

STUDY AREA 

Samples were taken from the coastal part of the easterm Adriatic at the 
»Kaštela Bay« station (43°31'N; 16°19'E), from the channel area betweein the 
islands at »Pelegrin« station (43°12'N; 16°19'E) amd from the open sea out 
of island area at »Stončica« statiion (43°00'N; 16°20'E) Fig. 1. 

The »Kaštela Bay« station - 42 m depth - is in the closed coastal area 
under the strong and direct land illlfluemce. The Kaštela Bay is situated bet­
ween the foot iof Kozjak mountain, !Ilorthern side of the Ciovo Island and 

25: Kcišttla . Bay 
8= Pelegrin 
9 = Stončica 

Fig. 1. Study area 
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northern s1de of Marjain peniinsula. It i.s open ithrough a nanow strait near 
Trogir and connected to the Brač Chaninel through a considerably wider 
strait. 

Bottom is muddy, partly rocky with the average depth of about 23 m. 
Maximum depth of 47 m was recorded from the middle of the bay. 

Freshwater land i,nflows originate from the Jadro river, small Pruntar. 
stream and freshwater spri,ngs of which some are the submarine springs. 

Temperatur,e and salini-ty variatiom are cons:ilderable owing to smaiJ.l 
depths and stronrg [anid effects. Their minima .runid maxima ocour earlier 
there foan in the open sea. In the five-year period of our in.vestigations 
maximum temperaturre of 23.47°C was recorded from tthe 0-10 m layer in 
August 1972 and minimum temiperature of ll.05°C in Mar,ch 1970 (B ulja n, 
unpublished data). 

Maximum salinity of 37.880/oo was recorded in November 1973 and mini­
mum of 34.04%0 in May 1974. 

Maximum sea-water density of 28.48 was recorded from the same layer 
in Jainuary 1974 rund minimum of 24.72 in July of the same year. 

Lower temperature and salinity values recorded along the northern side 
of Ciovo Islrund indicate that cooled and less saline sea water flows out of 
the Kaštela Bay into the Brač Channel near the eastern cape of this islrund. 

Great variatiorns of current pattern are caused by relatively small depths, 
poor tidal currents and strong local wind forcing. W directiOIIl is prevalent 
in winter, NW im spriing and early summer, E in summer, particularly in the 
surface layer rund S in winter (Zore - A r ma IIl da, 1974). The fact parti­
cularly relevant to horizollltail copepod dis,tr,.iJbution shO'l.lld be p,o.iJnted out on 
this occasion. Zore -A r ma n da (1974) established that annual curroot 
roses in the Kaštela Bay were almost identical to the current roses at Ston­
čica station which is strongly affected by the open sea. However, the flow 
was shifted somewhat to the left in the Kaštela Bay what is easily under­
standable with respect to the position of the bay ,i,n relation to the Vis Island. 
Outgoing flow prevails in September and November and the ingoing one 
in winter and summer. In addi,tion, it should be mentioned that water enters 
the Kaštela Bay predominantly in the surface and bottom fayers. 

Mean resultant curre..'1.t speed is 6 cm s-1 on the surface, 4 cm s-1 in the 
intermediate layer and 3 cm s-1 in the bottom layer, that is it decreases from 
suriace to bottom. The greatest speeds were recorded in autumn and winter 
- irom November to February. They coincide with the intensified water 
exchange with the adjacent Brač Channel and freshwater inflows. 

Wind forcing was found to be best marked in summer since only the 
surface layer is exposed to air motions owirng to summer stratification. Wind 
accounts for 400/o of current directions in the Split Channel. 

T.iJdal currents, measured ailso iJn Split area ZoTe-Armarnda, (1975) 
are particularly marked in the intermediate a[ld bottom layers. Tidal wave 
is of N-S rurection, that is it pro.ceeds pel1Jlendicuil.aiily from the open sea 
onshore. 

After the most recent studies and on the basis of current roses construc­
ted by seasons, Zore -A r ma n da, (1975) calculated that total water 
exchange of the bay with the adjacent Brač Chaillilel took place two times 
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in a mo.nth's period. The fact that the ingoing transport somewhat exceeds 
the outgoilng transport may indicate that a part of the wa,ter flows out of 
the bay through the strait near Trogir nevertheless tJhe water ex-change there 
is much 1ess than ,that with the Brač Channel. 

►;•Pelegrin« statiolll - 78 m depth is situated we:;t from the Hvar Islallld. 
Bottom ils sandy of coarser detritus (Š imun o v i ć, personal oommuni­

cation). 
Since this station is rneither iln the coasital. ar-ea nor in the open sea and, 

accordingly, the properties of which differ from those in the respective areas, 
temperature variations range is not so wide as in the coastal area (Zore -
A r ma n da, 1973). The highest t emperature of 24.21 °C of the 0-10 rn layer 
was recorded in August 1972 and the lowest of 12.25°C in March HJ'73. Th~ 
difference between these two extreme temperatures is for 0.46°C lowe1: than 
this dif:ference in the Kaštela Bay. 

Maximum salinity of 33.710/oo was reoorded 'in January 1971 and minimum 
of 36.89%0 in April 1970. The difference between these two extreme :;alirnities 
is for 2.020/o lower than this difference in the Kaštela Bay. 

The greatest density of 28.94 was recorded from this station in .January 
1971 and the lowest of 25.86 in July 1974. The difference betv,reen thcse two 
extreme densities is for 0.68 fower than this difference in the Kaštela Bay. 

Surface current direction is somewhat altered in this area due to the 
position if islamds. Thus, even though principal i.inflowing Adriatic current 
is of N and NW directiO'n, W direction is prevalent in this area in spring and 
NE in autumn. 

Current speed varies from 13-23 cm s-1 (Z o r e - A r m a n d a, 1975) 
anci also decreases from surface to bottom. 

»Stončica« station - 107 m <l~th - i.s 4 Nm southeas,t offshore the ca,pe 
Stončica on the Vis Tsland. 

Bottom ii.s saindy of finer detritus with some muddy ingr~dients (S im u­
n ovi ć, personal communication). 

This station is under the strongest open sea influence and hydrographic 
properit.es fluctuations are lower than those at other two staticms. 

The highest tempearture of 24.43°C of the 0--10 m layer was recorded 
in August 1973 and the lowest of 12.72°C iln March 1973. The difference 
between these two extrane vrulues 1is :for O. 71 °C lower than this difference 
in the Kaštela Bay. 

Maximum salinity of 38.740/oo was recorded in November 1970 and milni­
mum of 37.260/oo in March 1974. This area is affected by rivers, particularly 
by the Neretva river. This influence is intensified in spring. They do 111ot 
af.fect only the salinity reduction but flow directions, as well, thus that 
W dir:cction is prevalent. In autu.mn-winter and, very often, even in spring 
the open sea effect from NE direction is rather intensive. It carries more 
saline water which disperses throughout the coastal area of the middle 
Adriatic. Difference between extreme temperatures in the Kaštela Bay 
exceeds for 2.360/oo this difference in this area. The highest density of 28.79%0 
was recorded in March 1973 amd the lowest in August 1971 and the difference 
between these vailues is for 0.19 ,lower than this diff.erence in the Kašteila Bay. 
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Current speed at this station shows great variations and ranges between 
1 and 30 cm s-1. Winter curent speed variation exceed the swnmer one.s. 

All the aforementioned data are indicative of the close cmm.exion bet­
ween studied stations. It ma.y be even said that, with respect to thcir hydro­
graphic properties, these stations make a111 entity in the coastal middle Adria­
tic which is 1l part of much larger entity the changes of whd.ch are r 'Jflected 
there. 

MATERIALS AND METHODS 

Continuous collection of zooplankton material from the permanf:)nt sta­
tions »Ktlštela Bay«, »Pelegrin« and »Stončica« in the coastal middle Adriatic 
was star ted in 1957 by Vuče t i ć (Vuče ti ć, 1961). This materiai has beer, 
worked out in a large number of papers Many of the report:s ,deailt with fue 
long-term zo.oplankton fluctuations (Vuče ti ć, 1965d, 1970; Vuče ti ć and 
P u ch e r - Pet kov i ć, 1969; Vuče ti ć and R e g ne r, D., 1973). 

Results of copepod inves tigations from a part of this material, collected 
at month!ly in'tervails from January 1970 to December 1974 are brought out. 
Hydrographic parameters were simultaneously observed at the same stations. 

Samples w ere taken with a »HENSEN« plainkton net (Ki.ine, 1929) of 73 
cm mouth aperture. Silk (sLlk No 3) net part of 130 cm 1ength iJS attached 
to a lh1en part which does not filt,er the sea water. Net was hauled vertically 
from. bottom to surface a.t 0.3 m/sec speed. .X. 

CoJJ ected material was preserved i.h'1. 20/o formol. Sub-sample (1/20 of the 
calch) was counted. The whole catch was examined for rare species. 

Global species diversity index d was calculated after Ma r ga 1 e r (1951): 

S-1 
d=--

log" N 
, 

where S in the species 111umber, N number of individuals per m3 and log11 

natura] logarithm of the number of copepods. 
Stat.istical analysis of the material was carrjed out by the oorrelation, ._....,,. 

rer4ressi.on and autocorrelation methods. 
Correlati.on coefficient r was calculated from the results not grouped by 

classes after the following formula: 

N.2 XY - (~~~X) (27Y) 
r=---------------

i/[N.EX2 - (.2X)2] [N.SY2 - (l:'Y) 2] 

and the significarnce of the difference of correlation coefficient from ZE.\ ro ,vas 
tested by the follov,·ing formula: 

V(N-2) 
t = r----
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Regresion was estimated by the formula: 

y =a+ bx 

where slope coefficient b 

2'x;-XYi-Y 
b = ------ia = y-bx 

(2'xi - x)2 

Autocorrelation coefficient for the partial shift p was obtai!Il.ed by the 
formula : 

RESULTS 

Resuits of the analysis of the material collected from all three stations 
over the fiive-year (Period, 1970-1974, are brought out in this paptr. They 
include horizonta! species dIBtrtbuti0111 a:nd percentage proportion of each 
individus.1 species at each of the stations in the coastal, cha111nel and open 
sea areas of the eastern Adriatic. Frequency of occurrence of each specie>, 
going from the inshore waters offshore ·was also observed as well as the 
percen1:age proportion of each species i!Il. the total number of copepods. 

A total of 98 species were recorded. Some of the species are given in 
tables under the commom genera names (Oithona - 3 species, Oncaea - 5 
specieR and Sapphirina - 3 species). Results obtaimed for individua! species 
are given ~111 tabl_es as a number of 'individuals , by each month o;f the 
1970-1974 period. To make the data intercomparable the number of indivi•• 
dua:ls wa:s re-calcullated for 10.5 m 3 for . a11 rthree stati,ons. Absence of a 
species is marked as O, whereas me.ans that no sample was taken in the 
respective month. 

Ca/.anidae 

1. Calanus helgolandicus (CLAUS), 1863 .. - Approximatively the same 
number of individuals was recorded from all three stations. The h~ghest 
number of i)ndividuals was recorded from .»Pelegrin« (35.40/o), somewhat less 
from the Kaštela Bay (35.1 O/o) and the smallest number from »Stončica,, 

(29.5°/o) . 

Frcquency of occurrence of this spccies increases if one proceeds from 
the inshore waters offshore, that is it was recorded from 400/o coastal sam­
ples, 70P/o channel samples aind 720/o open sea samples. 
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Precentage proportion in the total number of copepods increases in the 
offshore direction (from 0.6%, 1 °/o to 1.20/o), which is a1I1other indication of 
the character of this species which prefers the open sea. 

CALANUS HELGOLANDICUS (CLAUS) 

KAŠTELA BAY 

MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 5 20 60 40 160 40 o 5 o o 
1971 o 5 20 60 20 60 20 o 5 o o o 
1972 20 o 5 40 20 20 o o o o o o 
1973 o o o o 40 o o o o o o o 
1974 o o 5 60 o o o 20 5 o o o 

PELEGRIN 

MONTH 1 2 3 4 5 6 7 8 . 9 10 11 12 

1970 20 40 o 10 10 o 3 3 o 3 o o 
1971 o o 30 70 30 3 10 o 20 10 'O o 
197:1 o o 10 50 20 3 10 10 3 o o 3 
1973 3 3 10 40 30 20 10 o 10 o 10· 10 
1974 3 20 10 20 40 30 40 10 40 10 3 20 

STONCICA 

MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 42 7 21 7 63 7 o o o o o o 
1971. 2 14 14 2 28 7 2 2 o o o o 
1972 2 84 14 42 14 o 7 o 2 o 2 2 
1973 o 28 14 21 14 7 7 7 2 o 2 o 
1974 2 2 7 7 7 . 49 42 7 2 o 14 7 

CALANUS TENUICORNIS (DANA) 

KAŠTELA BAY 

MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 40 20 140 40 40 80 o o o 60 
1971 5 120 o 20 o o 40 o o o 5 40 
1972 5 80 5 120 40 o 20 5 5 o 80 80 
1973 20 40 60 120 280 o o o o o o o 
1974 20 5 20 o o 5 o o o o o 40 

PELEGRIN 

MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 30 40 60 80 50 70 30 20 10 o 30 10 
1971 3 3 3 60 3 10 o o 10 10 10 10 
1972 3 50 50 20 20 60 30 o 10 o 10 10 
1973 10 10 20 o 20 40 10 20 10 o o 20 
1974 10 40 30 100 30 10 20 20 o 10 o 10 

STONCICA 

MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 7 14 28 35 28 70 14 21 49 21 7 o 
1971 2 35 28 14 7 o 2 42 7 7 o 2 
1972 28 14 7 21 21 14 2 49 7 o 14 14 
1973 14 2 7 70 91 o 42 42 56 7 7 2 
1974 14 7 21 35 42 112 56 14 14 14 o 'f 
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The highest number of individuals was recorded from the Kaštela Bay 
in April-July, from Pelegrin in February-May and in July and September, 
an dfrom tSončica in Fehruary-June. A decrease in rthe number of individu­
alls was reoorded from the coaista,l area in the five year period of our investi­
gations. No regular pattern could be established at other two stations. 

2. Calanus tenuicornis DANA, 1849 - It was recorded from all three sta­
tions. The highest number of individuals was recorded from the coastal sta­
tion (39.9%), somewhat less from the open sea station (30.70/o) and the lowest 
nurrnber from the challlilel area (29.30/o). Frequency of occurrence increaises hl 
the offshore direction (570/o, 80°/o, 900/o) as well as their percentage propor­
tion in the total number of copepods, from 1.30/o to 1.50/& and 2.40/o. 

Maximum m,1.mbers were recorded from the Kaštela Bay in December­
-May, from Peieg-rin in April-June, from Stončica in February-June. Acoor­
dingly, distribution and numbers of this species coincide with the C. helgo­
landicus ones. 

Total number of individuals was somewhat reduced in ·the Kaštela Bay ; 
it was almost constant at - ►►Pelegrin« and decreased at »Stončica« only in 
1971 and thereupon mainly increase<l up to the terminat ion of the investi-­
gat ions. 

3. Nannocalanus minor (CLAUS) , 1863 - It was recorded from all three 
stations. In the Kaštela Bay, however, it occurred more rarely with only 
3.430/o of the total number of this species. It was somewhat better represented 
at »P•eilegrin« wdth 43.80/o. The highest number s were recorded from »Ston­
čica« (52.80/o). 

It was ,rarely recorded from the bay, on onJy six occa:sion,s. Lt was reco,r­
ded from 730/o of Pele.grin samples a nd from 900/o of Stončica samples. 

Their percenta.ge propor-ticn in the total number of copepods increases 
from the inshore waters towards the o:)en sea, from 0.05 to 1.08 and 1.98. 

NANNOCALANUS MINOR (CLAUS) 
KAŠTELA BAY 

MONTH l 2 3 4 5 u 7 8 9 10 11 12 
1970 o o o o o o o o 5 o 
1971 o o o o o 20 o o o o o 20 
1972 5 o o o o o o o o o o 20 
1973 o o o o o o o o o o o o 
1974 o o o o o o o o o o o o 

PELEGRIN 
MONTI-I 1 2 3 4 5 (i 7 8 9 10 11 12 

1970 40 150 70 10 10 10 3 3 3 40 60 10 
1971 o 3 3 o o o 3 o 3 100 10 o 
1972 o 80 o o 3 o 10 10 o 3 10 10 
1973 10 3 3 20 o 10 10 o o 10 40 3 
1974 10 3 10 o o 10 3 10 10 30 20 20 

STONCICA 
MONTH 1 2 .... 4 5 6 7 a 9 10 11 12 ., 

1970 63 21 14 35 14 14 21 7 28 28 21 o 
197] 2 o 10 7 21 7 7 7 21 21 7 2 
1972 2 14 21 o 21 o 7 7 28 42 21 28 
1973 2 14 14 21 o 7 7 7 2 14 7 21 
1974 21 7 7 21 7 14 o 14 49 140 91 21 
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PARACALANUS PARVUS (CLAUS) 

KAŠTELA BAY 

MONTH 1 2 3 4 5 6 7 8 9 iO 11 p 

1970 160 20 80 o 40 80 5 o o 20 
197] o 60 20 20 40 5 40 40 o 20 o 20 
1972 120 o 20 40 100 260 40 40 o 5 o 40 
1973 o 100 o 60 220 60 100 80 160 80 80 40 
1974 120 40 20 100 60 80 20 40 40 20 40 o 

PELEGRIN 

:rv'.[ONTH 1 2 3 4 5 G 7 8 9 10 11 1·• 

1970 o o o 20 60 10 10 o o o o o 
1971 10 20 30 10 40 20 o o 10 10 3 o 
1972 10 o o o o 20 o o 3 o o o 
1973 o o 50 30 30 440 10 o 30 10 o o 
1974 o o 10 10 60 90 10 30 10 o o o 

STONČICA 

MONTH 1 2 ;3 4 5 6 'l 8 9 10 11 12 

1970 14 o o o o o o o o o o o 
197] o 14 o 21 14 o 7 o o o o o 
1972 o o o o o o o o o o o o 
1973 o o 7 o 28 o o 14 7 o o o 
1974 o o o o 7 35 o 14 7 o o o 

It occurred in the Kaštela durililg oolder mO'l1ths, at Pelegrin irt is best 
represented in February, October and November, and at Stončica it is mosl 
numerous in spring and autumn. 

The number of 'individuals was not essentially changed at Pelegrin and 
Stončica throughout the period of investigations despite the annual oscilla-
tions. 

4. Neocalanus gracilis (DANA), 1849 - Even though this species was 
record2d from all three stations it is still very rare occurring in quite insig-
nificant quantities. It was recorded only once from the Kaštela Bay in March 
1971. Frequency of occurrence at othcr two stations was also very low; only 
seven and six records respectively were reported during the five year period. 

The highest number of ii.ndividuals was recorded from »Pelegrin«. 

Eucalanidae 

Two species of this family were recorded only occasionally from »Pele­
grin« and »Stončica«. 

5. Eucalanus attenuatus (DANA), 1849 - This high sea form was very 
rarely ·recorded in small numbers. It was recortded from both stati<ms only 
in winter, in February and March. 

6. Eucalanus elongatus (DANA), 1849 - It wais t"ecorded only occasionailly 
and in insi,gnificaint quantities. It occurred at Pelegrin and Stončica ma.i.nJJ.y 
up to August. Its numbers were somewhat higher at Stončica in 1970. 
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Two Paracalanidae species: Paracalanus nanus amd P. parvus were fournd, 
P. parvus in somewhat higher quantities. 

7. Paracalanus nanus G. O. SARS, 1907 - Small numbers of individuals 
were occasionally recorded from all three stations. The highest numbers were 
recorded from the Kaštela Bay where it made up 0.130/o of the total copepod 
numbers. Quantities recorded from Pelegrin and Stončica were quite insigni­
ficant. 

8. Paracalanus parvus (CLAUS), 1363 - This most numerous species of 
Pa.racalanidae family was recorded from all three stations. The highest num­
ber of individuals was recorded from the Kaštela Bay (69.130/o) . Their number 
was considerably lower at Pelegrin (26.300/o) and lowest at Stončica (only 
4.60/o). Frequency o.f occurrence was, as well, reduced m the offshore direction, 
tha:t is i,t occurred in 790/o, 480/o and 220/o of ithe sampJes respectively. 

It made up 2.150/o of the total copepod number o.n the Kaštela Bay, 1.31 O/o 
at Pelegrin and only 0.350/o at Stončica. 

The hi,ghes:t numbers oi thiis spe cie.s occurred a,t »Pelegrin« and »Ston­
čica« in spring. 

Number of 'individuals varied from one year to another but it was not 
signif.icantly changed ,over the five-year period of investigations. 

Calocalanidae 

Out of all the species of this family recorded throughout our studies only 
Calocalanus pavo and Mecynocera clausi occurred in higher numbers. Their 
quantities were quite insLginificant in the coastal area. However, they occur-
red more frequently and -in hi;gher number in the open ,sea what i,s in a,gre-
ement with other reports from the Adriatic (Ga m u 1 i n, 1939; Vukan i ć, 
1971). 

9. Calocalanus pavo (DANA), 1849 - Even though it was recorded from 
all three stations its numbers were highest in the channel area (43.60/o). It 
was somewhat less numerous in the open sea (35.160/o) ond least numerous in 
the inshore waters (21.190/o). 

CALOCALANUS PAVO (DANA) 
KAŠTELA BAY 

MONTH 1 2 3 4 5 6 7 8 9 10 11 12 
1970 o o o o o o o 20 100 20 
1971 5 o o o o o 20 o 20 40 o 60 
1972 40 o o o o o o o o o 60 o 
1973 o o 60 o o o o o o 40 60 o 
1971 5 o o o o o o o o 40 80 5 

PELEGRIN 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970. 50 o 20 o o o o 10 70 50 70 o 
1971 10 10 20 o o 10 10 20 20 20 50 o 
1972 40 o 10 o o 10 o o 10 o 30 40 
1973 30 o o o o o o o 20 70 330 o 
1974 o o o o 10 o o 10 30 10 180 120 
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STONCICA 
MONTH 1 2 ., 4 5 6 7 8 9 10 11 12 ., 

1970 7 21 o o 7 21 7 21 14 77 28 14 
1971 21 o 7 o o 14 7 42 63 21 42 28 
1972 o o o o 7 o o 7 21 35 21 56 
1973 35 7 o 7 o 14 o o 14 126 119 28 
1974 14 14 7 o o o o 7 28 42 14 35 

ISCHNOCALANUS PLUMULOSUS (CLAUS) 
KAŠTELA BAY 

MONTH 1 2 3 4 5 6 7 8 9 10 11 12 
1970 5 20 o o o o o o o o 
1971 o o o o o o o o o 40 o 40 
1972 o o o o o o o o o o o o 
1973 o o o o o o o o o 20 4 o 
1974. o o o o o o o o o o o 5 

PELEGRIN 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 20 3 30 o o 30 3 o o 30 20 60 
1971 o 30 3 3 o o o o o 50 10 10 
1972 o o o o 3 o o o 20 20 20 10 
1973 o o o 20 o o o 10 3 70 210 10 
1974. 30 o o o 10 o o o o 20 50 o 

STONCICA 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 14 14 7 7 7 14 21 o o 49 7 21 
1971 o o 2 o o o 7 21 28 84 14 o 
1972 o o o o o o 2 14 35 7 98 21 
1973 7 o o o o o o o 7 21 42 21 
1974. 28 o o o 14 o o o 14 7 77 14 

It occurred most frequently at Stončica and its frequency decreased in 
1:he onshore direction. 

It made no more than 0.51 °/o· of the total copepod number in the coastal 
waters, 1.680/o in the channel area whereas it was r,ather numerous in the 
open sea with 2.060/o. No re,gular pattern of vadations in number of indi.Ivi-
dual was established. 

10. Calocalanus contractus FARRAN, 1926 - It was rather rarely found. 
No specimen was recorded from the coastal area. It occurred in small num-
bers. Even though its numbers were somewhat higher at Stončica its quanti-
ties were quite negligible. 

11. Calocalanus stylimeris GIESBRECHT, 1888 - It was the rarest and 
least ·numerous species of this f,amily. Only se:veral specimens were recorded 
from Pelegrin and Stončica. 

12.Ischnocalanus plumulosus (CLAUS), 1863 - It was ,rather rare, parti-
cularly in the Kaštela Bay where its quantity was quite insignificant. 

It was most frequent at Stonči.ca where almost half the samples contai!ned 
its individuals. Its percentage proportion in relation to other copepods was 
also highest at this statrio,n (1.370/o) . 
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It was mainly recorded cludng the latter part of the year wdth the hig-
hest numbers from October b December. 

13. Mecynocera clausi TE OMPSON, 1888 - This is the most numerous 
species of the Calocalanidae family. It was rarest in the Kaštela Bay where 
it a1lso occurred in smallest q,uantities. However, its percentage presence by 
stations, frequency of occurre::i.ce and percentage proportion in the total num-
ber of copepods (even 3.50/o) :,ignificantly increased in the offshore direction. 

It occurred in much highBr numbers from August ,to February pa['ticu-
larly at ►►stončica«. 

It is of a particular interest that in the course of our investigations, bet-
ween 1970 and 1974, its numbers increased in the coastal area and gradually 
decreased in the open sea. 

MECYNOCERA CLAUSI THOMPSON 
KAŠTELA BAY 

MONTH 1 2 :i 4 5 6 7 8 9 10 11 12 
1970 5 o o o o o o o 20 40 
1971 o 5 o o o o o o o o o 40 
1972 5 o o o o o 5 20 40 o o 20 
1973 o 20 o o o 80 o o o o o 20 
1974. 20 o o o o o o o o o 80 20 

PELEGRIN 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 100 o 40 30 10 40 30 o 20 20 30 40 
1971 2 2 21 7 42 28 70 14 35 112 49 70 
1972 40 30 10 o 40 20 30 30 20 40 20 20 
1973 70 20 10 o 10 10 o 10 o 10 20 10 
1974 20 20 20 10 o 20 10 10 80 3 10 30 

STONCICA 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 28 42 14 49 28 91 105 14 21 105 70 49 
1971 2 2 21 7 42 28 70 14 35 113 49 70 
1972 14 14 7 o 21 42 7 14 28 28 56 14 
1973 63 28 7 14 14 28 21 14 2 14 14 91 
1974 42 28 31 49 42 35 o 7 35 14 21 35 

CLAUSOCALANUS LIVIDUS FROST AND FLEMINGER 

PELEGRIN 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 20 40 60 o 10 o o o o o o o 
1971 20 50 60 20 10 o o o o o o 10 
1972 o 30 30 o o o o o o o o 30 
1973 30 o 10 140 o 3 o o o 10 o o 
1974 10 o o o o o o o o o o o 

STONCICA 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 14 o 42 7 o 14 14 o o o o o 
1971 7 o 49 49 14 o 28 o o 7 7 7 
197:.' 2 o 35 7 21 o o o o 21 o 7 
1973 14 14 o 7 14 o 7 o o 2 7 o 
1974 o 7 o o o o o o o o o o 
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Species of genus Clausocalanus belong ,to this falmily. After the recent rev1-
sions eight species of this genus were recorded from the southern Adriatic 
(H ure and S c o t to di Car 1 o, 1970), eight from the middlle Adriatic. A 
total of 13 species was determined in the Mediter-ranean (F r o s t and F 1 e-
m i. n g e r, 1968). ' 

14. Clausocalanus masti.gophorus (CLAUS), 1863 - It was rather rare 
occurring in smaJl numbers. It was not found in the Kaštela Bay; smaU 
n:umbers of individuaJs were recorded from Pelegrin and Stončka rather 
frequently. 

Its quantity in the total copepod quantity was quite insignificant a t both 
statiions. 

Annual variations showed higher number of d.ndividuals in autumn. Max­
ima were recorded both from Stončica and Pelegrin in November. 

Number of indivi<luails was graduahly reduced over the five-year period. 

15. Clausocalanus lividus F'ROST and FLEMINGER, 1968 - This species 
was more frequently recorded than the preceding one. Its number of indivi­
duals was also hi,gher. No specimen was •recorded from the coasta,l area. It was 
somewhat more numerous at Pelegrin than at Stončica. Higher number of 
individuals was recorded from December to July. 

16. Clausocalanus arcuicornis (DANA), 1849 - It is widely ditributed 
form in the Adriatic. It was recorded from all three stations, best represented 
at Pelegrin (48.760/o). 

It was recorded from 790/o of the samples in the Kaštela Bay and from 
as high as 900/o of the samples at other two stations. 

CLAUSOCALANUS ARCUICORNIS (DANA) 

KAŠTELA BAY 
iVIONTH 1 2 ., 

~ 4 !5 6 7 8 9 10 11 12 
1970 40 20 80 20 40 20 o 180 60 20 
1971 20 o 20 20 20 20 40 40 60 20 20 20 
1972 60 100 20 40 20 o 60 80 60 20 o 60 
1973 o o 20 20 220 o 20 160 280 o 60 20 
1974 20 o 5 80 20 o 40 o o 160 80 80 

PELEGRIN 
MONTH l 2 3 4 5 6 7 8 9 10 11 12 

197(' 50 60 110 70 80 30 60 100 10 10 90 50 
1971 20 20 50 80 30 o o o o 40 10 40 
1972 20 60 90 20 o 190 10 o 150 5 80 o 
1973 20 o 20 o o 20 70 20 30 o o 10 
1971 o 30 50 50 50 40 50 o 50 30 140 40 

STONČICA 
MONTH 1 2 3 4. ci 6 7 8 9 10 11 12 

1970 56 7 14 42 21 42 o 7 7 14 42 35 
1971 o o 28 21 70 14 42 o 21 21 7 28 
1972 77 42 91 14 126 133 42 21 49 42 28 14 
1973 42 o 42 133 154 14 196 70 245 112 21 56 
1974 70 133 70 217 154 182 42 21 42 7 o 28 
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CLAUSOCALANUS JOBEl FROST AND FLEIVIINGER 

KAŠTELA BAY 
~ ! 

MONTH 1 2 3 4 5 6 7 8 9 10 11 1'2 
1970 140 60 160 60 120 40 140 280 180 140 
1971 20 20 20 20 40 60 220 180 220 20 220 40 
1972 120 20 o 20 80 20 40 o 60 5 180 20 
1973 o o 80 o o 60 40 120 o 60 20 o 
1974 o o o o 20 o o o 5 o 200 40 

PELEGRIN 
MONTH 1 2 . ., ., 4 !l (l r;· 8 9 10 11 12 

1970 210 70 1030 270 20 150 380 240 310 120 240 20 
1971 20 90 90 100 110 30 110 110 60 140 60 I 30 
1972 20 60 90 20 o 190 10 o 150 5 80 o 
1973 20 o 20 o o 20 70 20 30 o o 10 
1974. o 30 50 50 50 40 50 o 50 30 140 40 

STONCICA 
MONTH 1 2 3 4. 5 6 7 8 9 10 11 12 

197() 21 28 42 70 98 91 182 196 112 147 28 7 
1971 35 o 21 84 28 35 98 21 42 28 56 42 
1972 o 7 o 7 63 56 35 56 140 63 63 21 
1973 o 7 35 98 84 35 7 56 14 14 14 14 
1974. 21 42 21 28 77 441 63 28 49 77 o 49 

It made up 1.940/o of the total copepod number in the coastal ar~a, and 
6. 72 and 6.01 O/o r€Spectively at Pelegrin and Stončica. Spring and autumn 
density maxima were recorded from all three stations. 

Its numbers slightly varied in the coastal area during the time of our 
investigations and showed considerable increase at other two stations. 

17. Clausocalanus jobei FROST and FLEMINGER, 1968 - rt was more 
mumerous than the preceding copepod and similarly diJStrilbuted. It was 
recorded from a-11 the stations with the high€St percentage of individua1s in 
the channel area (56.91 O/o). 

It was almost continuously present at all the stations with slight fre­
quency increase in the offshore direction. 

The number of individuals and its percentage proportion in the total 
number of copepods increased in the offshore direction. Thus, it made up 
2.620/o of the total number of individuals in the Kaštela Bay, 5.89°/o at Pele­
grin and 10.66°/o at rStonči,ca. rt was best represented art; a.11 the stations from 
June to October. It maximuan was recorded at »Pelegrin« in March. 

Its numbers consi,derably decreased at all the stations during the time 
of our investigations. 

18. Clausocalanus pergens FARRAN, 1926 - It was recorded from a,11 
three stations, its number of individuals increasing from the inshore area 
towards the open sea. 

It occurretl m srnailll number in the Kaštela iBay wherefrom individua} 
specimens were occa,sionalyy recovded. rt was more frequent ait Pelegrin a:nd 
Stončica, its numbers somewhat h~gher from Aprhl to June. Its quantites 
were quite msignifi.cant. 
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19. Clausocalanus parapergens FROST am,d FLEMINGER, 1968 - It 
ocourred rerely a1nd i,n small nuanber, parti10U!la;r;ly i,n the Kaštela Bay. Its 
qruantitie.s were qurite insigniftcant anid its percentage pro.por-tion in the total 
copepod number was highest at Stončica (0.720/o) . The highest numbers were 
recorded in spring. 

20. Clausocalanus paululus FARRAN, 1926 - Hi;gher nUimber of indi­
viduals was recorded only from the open sea. It occurred in sma11 numbers 
of indiv~duaws and 0111ly occasiona,lly at station .in the chann€1l airea. No 
.specimen was recorded from the Kaštela Bay. 

Us quantites were insiignificant. lts highest percentage proportion in 
relation to other copepods was recorded from »Stončica« (0.680/o). 

21. . Clausocalanus furcatus (BRADY), 1883 - Consideraib1e numbers of 
this species were recorded from all the stations. Highest numbers were 
recorded from Pelegrin (41.880/o of the total number of individualJs recorded). 
Fr-equency od: occurrence was ,al1so highest at this ;Sta/tion since it was :11eooJ:1ded 
from 81 °/!Y of the samples. 

It made up 2.350/o of the total copepod number in the Kaštela Bay, 
4.650/o at Pelegrin and 4.090/o at Stončica. Its percentage proportion increased 
in the offshore direction. 

22. Ctenocalanus vanus GIESBRECHT, 1888 - It was di.stributed at 
aill the stations. Its percentage presence was highest at Pelegrin (38.870/o). 

Its foequency was very hi;gh at ai1l the stalions exceeding 900/o. 
Great numbers of individuals were recorded from all the stations. It 

corunts among the quantitatively dominant species. 11ls percenta.g,e proportion 
in the totaJ number of oopepods wais 9.350/o in the Kaštela Bay, a,s hiigh as 
15.380/o at Pelegrin and 140/o at Stončica. 

It occurred in greater numbers mainly in spring and summer. 

CLAUSOCALANUS FURCATUS (BRADY) 
KAŠTELA BAY 

M ONTH 1 2 3 4 5 6 7 8 9 10 11 12 
1970 20 o o o o 20 20 160 340 o 
1971 20 o o o o o o 60 100 20 520 20 
1972 o o 5 5 20 o o o o 160 440 20 
1973 o o o o 60 o 40 o o 180 440 80 
1974 o o o o o 20 20 20 240 o 60 20 

PELEGRIN 
lVIONTH 1 2 :3 ,1 5 6 7 8 9 10 11 12 

1970 370 40 100 10 30 50 o o 50 40 30 o 
1971 30 30 o 10 10 10 40 10 130 120 110 o 
1972 160 50 30 10 20 60 40 10 10 140 80 130 
1973 10 20 20 30 60 o 60 20 80 30 340 90 
1!)74 30 60 10 o o 40 40 20 470 220 250 10 

STONČICA 
MONTH 1 2 " ,1 5 6 7 8 9 10 11 12 .:, 

1970 14 21 o 14 7 42 28 28 7 56 28 91 
1971 o o 21 o 21 7 28 7 21 56 35 21 
1972 14 o 28 o 28 231 49 154 91 98 140 63 
.1978 28 42 21 o o 7 7 14 14 21 196 21 
1971 7 14 o o o o 14 112 21 231 28 o 
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During our investigations its nurrnbers were increased at a1B the s,tations, 
partiouJarly im the Kaštela Bay. 

CTENOCALA.NUS VANUS GIESBRECHT 
KAŠTELA BAY 

MONTH 1 2 3 4. 5 6 7 8 9 10 11 12 
1970 520 60 440 220 400 240 60 20 160 20 
1971 o 40 20 60 40 60 20 140 20 o 5 120 
19n 340 340 o 260 500 60 5(l0 480 120 o o 140 
1973 60 60 140 380 380 40 340 660 580 60 100 20 
l!J74 880 120 320 1060 60 280 200 280 60 100 340 480 

PELEGRIN 
MONTH l 2 3 4 5 G 7 s 9 10 l l 12 

1970 110 60 610 1240 370 230 270 60 10 30 90 150 
1971 20 o 160 210 230 60 70 30 20 10 o 30 
1972 190 340 630 400 140 350 220 120 180 160 130 80 
1973 140 180 90 1180 150 960 290 270 270 290 40 2:io 
197'1 100 180 290 430 150 240 50 30 o 100 o 60 

STONČICA 
MONTH 1 2 ~ -1 ;) 6 7 ,, g 10 ll ]2 " () 

1970 273 70 154 98 238 91 49 35 163 28 43 14 
1971 42 14 42 133 77 84 12 28 35 7 21 7 
1972 105 56 200 63 301 343 14 63 42 14 133 56 
197:J 98 70 161 441 154 84 203 301 98 140 21 133 
1974 273 371 196 427 140 405 203 o 266 126 28 28 

Aetidaeidae 

Three species of this famHy were recorded. However, they occurr-ed 
sporadically and in very small numbers. There i:s no record from the 
coastal area. 

23. A.etidus armatils (BOECK), 1872 - Severail i.n:dividUJals only were 
recor:de d from Pelegriin and somewhat h i1gher rrnumber from Stončica. However, 
its quantiity was insignificant in r,elation to the totail oopepod number. 

24. Euaetidus giesbrechti (CLEVE), 1904 - Lilke the ,preceding species 
it was recorded from Stončica only occasionally and in sma11 numbers of 
individuals. It was somewhat more numerous at Stončica, however its quan­
tity was insignificant in relation to the total copepod quantity. 

Euchaetidae 

Four species of this family were rarely reoorded. Somewhat higher 
number of individuals was found at the open sea stations. With the exception 
of E. hebes there wa,s no recor,d of this farrnily from the Kaštela Bay. 

25. Euchaeta acuta GIESBRECHT, 1892 - Severail inchlviduals onJ.y w-ere 
reom,ded from Stončica. 

26. Euchaeta hebes GIESBRECHT, 1888 - Thiis species occurred rarely 
and in smaH number of individuals in the coasta,l area. Its quantity gradually 
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increased towards the open sea thus that it was rather numerous at Stončica. 
Its frequency was considerably increased in the offshore direction. Thus even 
though i•t was recorded from the Kaštela Bay on only ,three occasions it was 
recorded from more than 500/o of the samples at Stončiea. 

EUCHAETA ACVTA GIESBRECHT 

MONTH 
1970 
1971 
1972 
19n 
1974 

1 
o 
o 
o 
2 
o 

2 
o 
o 
2 
o 
o 

3 
o 
o 
o 
o 
o 

4 
o 
2 
o 
o 
o 

EUCHAETA I-IEBES GIESBRECHT 

MONTH 
197C 
1971 
1972 
1973 
1974 

MONTH 
1970 
1Đ71 

19n 
197:l 
1974 

MONTH 
1970 
1971 
1972 
1973 
1974 

o 
o 
o 
o 
o 

1 
3 

10 
10 
3 
o 

1 
21 
2 
2 
7 
o 

2 
o 
o 
o 
o 
o 

2 
10 

3 
3 

10 
o 

2 
7 
o 
o 
2 
o 

3 
o 
o 
5 
o 
o 

20 
3 

20 
o 
o 

7 
2 

42 
o 
7 

4 
o 
5 
o 
o 
o 

4 
10 
20 
70 
10 
o 

4 
21 
2 

14 
7 
7 

5 
o 
2 
o 
o 
o 

5 
o 
o 
o 
o 

20 

5 
70 
3 
o 
o 

10 

5 
21 
o 

21 
o 
7 

6 
o 
o 
o 
o 
o 

G 

o 
o 
o 
o 
o 

6 

3 
10 
o 
o 
3 

6 
63 
2 
o 
2 
7 

7 
o 
o 
o 
o 
o 

7 
o 
o 
o 
o 
o 

7 

3 

o 
o 
o 

7 
35 
7 
2 
7 
o 

STONČICA 
8 9 10 
o o o 
O 14 O 
o o o 
o o o 
o o o 

11 
o 
2 
7 
o 
o 

KAŠTELA BAY 
8 
o 
o 
o 
o 
o 

9 
o 
o 
o 
o 
o 

10 
o 
o 
o 
o 
o 

PELEGRIN 
8 9 10 
3 O 3 
O 3 O 
O 3 70 
o o o 
o o o 

8 
o 

14 
o 
2 
o 

STONČICA 

9 
2 

14 
28 

2 
7 

10 
o 
7 

42 
2 
2 

11 
o 
o 
o 
o 
o 

11 
o 
o 
3 
o 
o 

11 
7 
7 

70 
2 
2 

l'.>. 
o 
o 
o 
o 
o 

12 
o 
o 
o 
o 
o 

12 
3 

10 
10 
10 
o 

12' 
o 
2 
o 
7 
o 

27. Euchaeta marina (PRESTANDREA), 1883 - It was recorded only 
once from Pelegrin and six times from Stončica. 

28. Euchaeta spinosa G i e s b r e ch t, 1892 - It counts among the rarest 
copepods. It was recorded only once from Pelegrin and twice from Stončica 
during the time of our studies. 

Scolecithricidae 

Single individuals o.f the species of this family were only occasionally 
recorded mainly from Pelegrin and Stončica . Their numbers were somewhat 
higher on1y at Stončica. 

29. Scolecithrix bradyi GIESBRECHT, 1888 - Few indiovidua,1s were 
recorded from »Pelegrin« and somewhat more from Stončica . Quantitatively 
ins,igni.ficant. 
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30. Scolecithricella dentata (GIESBRECHT), 1892 - Ius number was 
sman at Pelegrin wherefrom it was rarely recorded. However, at Stončica 
it was more frequently recorded and in higher number of individuals. 

31. Scolecthricella tenuiserrata (GIESBRECHT), 1892 - About 60 iindi­
v1duals were recorded from the channel area and about 60 individua'1s from 
the open sea station. 

Diaixidae 

Only one species orf this family was recorded from all three stations. 

32. Diaxis pygmea (T. SCOTT), 1889 - Its 'highes percenta,ge presence 
was recorded from the Kaštefa Bay, 73.170/o of the toW number of iindirviduals 
of this species. 

Since it was recorded from more than 500/o of the samples at this station 
its frequency is also hi.ghest there. 

Its quantity is not significant in the total copepod number, since in the 
Kaštela Bay, where its number is highest, its proportion dtd not exceed 0.630/o. 

DIAIXIS PYGMAEA (T. SCOTT) 

l,l:ONTH 
1970 
1971 
1972 
1973 
1974 

MONTH 
1970 
1971 
1972 
1973 
1974 

l\1:ONTH 
1970 
1971 
1972 
1973 
11974 

Centropagidae 

1 
60 

5 
20 
o 
5 

1 
3 
o 
o 

10 
o 

1 
14 
o 
o 
2 
2 

2 
o 
5 

20 
40 
o 

2 
o 
3 

10 
o 
o 

2 
7 
2 
o 
o 
o 

3 

5 
5 

20 
20 

3 
o 
o 
3 
o 
o 

3 
7 

14 
o 
o 
7 

4 

o 
5 
o 

60 

4 
o 

30 
o 
o 
o 

4 
7 
o 
o 

14 
o 

5 
o 
o 

20 
60 
20 

5 
10 

3 
o 
o 
3 

5 
o 
o 
o 
o 
7 

6 
5 
o 
o 
o 

20 

6 
o 
3 
o 
3 

10 

6 
o 
7 
o 
7 
7 

7 
o 
o 
5 
o 
o 

7 
o 
o 
o 
o 
3 

7 
o 
o 
o 
o 

21 

KAŠTELA BAY 
8 9 10 11 

20 O O 100 
O O 5 5 

60 5 5 40 
60 O O O 
20 20 O 20 

PELEGRIN 
8 9 10 

10 O O 
O 3 O 
O O 3 
o o o 

10 10 10 

8 
o 
o 
o 
7 
o 

STONCICA 
9 
o 
o 
2 
o 
7 

10 
o 
o 
o 
o 
o 

11 
o 
o 
o 
o 
o 

11 
o 
o 
o 
o 
o 

12 
40 

5 
20 
o 
o 

12 
o 
3 
3 
o 
o 

12 
7 
o 
o 
7 
7 

Thi,s family includes C. typicus and C. kroyeri species which are domi­
nant copepods in the coastal area as well as C. violaceus and Isias clavipes 
which are very rare ocurr.ing in small numbers. 

33. Centropages typicus KROYER, 1849 - Its percenta,ge proportion 
of 53. 70/o of the total number of recor,ded individuals is highest in the 
coastal area. 
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It was alrmost constantlly present at ailil the stations, its aibsence some­
what more frequently recorded from the open sea. 

It made up as high as 16.250/o of the total oopepod number in the Kaštela 
Bay and 17.840/o at Pelegrin. It counts among the species the number of 
which affects the variations in the total copepod numbers. This percentage 
was somewhat lower in the open sea, however great in relation to other 
copepod species. The highest numbers occurred in the warmer part of the 
year. , 

Total number of this species individuals was not significantly changed 
in the Kaštela Bay, while it slightly increased at other two stations from 
1970-1974. 

CENTROPAGES TYPICUS (KROYER) 
KAŠTELA BAY 

MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 140 340 460 520 480 440 140 440 . 480 40 
1971 20 140 320 100 480 520 40 60 700 130 160 8 
1972 40 180 260 360 920 360 160 320 460 440 980 500 
1973 320 180 220 360 840 400 840 180 360 220 860 320 
1974 80 160 140 80 260 260 180 500 240 40 320 80 

PELEGRIN 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 80 80 220 280 290 230 320 90 80 60 o 3 
1971 10 10 180 180 630 60 150 220 1800 70 140 o 
1972 210 70 90 440 100 190 380 110 280 20 40 o 
1973 70 110 130 990 560 1440 730 130 400 60 20 10 
1971 50 270 190 230 240 1280 530 100 o 20 90 30 

STONČICA 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 91 o o o 21 63 49 196 56 42 o 14 
197] 7 56 o 63 112 35 84 o 7 14 o 21 
197:l o 21 14 o 35 133 126 91 28 o o 42 
1973 28 10 560 1330 210 350 1750 560 4330 140 140 2 
1974 2 63 49 112 189 399 413 14 91 7 7 35 

34. Centropages kroyeri GIESBRECHT, 1892 - Makin:g up even 99.40/o 
of the total number of recorded individuals this copepod was the best repre-
sented copepod in the Kaštela Bay. 

Its frequency of occurrence was highest at this station (occurring in more 
than 750/o of the samples). Only several individua,1s were occasionally found 
at other stations. As to the quantity, thls species counts among :the domi!l'lant 
Kaštela Bay copepods where it makes up 15.080/o of the total copepod numbers. 
Its numbers were highest in autumn. Its quantities were insignificant at 
Pelegrin and Stončica. 

35. Centrogapes violaceus (CLAUS)., 1863 - It occurr~d at all'l the sta­
ti:ons only occasionally, mainly in September-November. Its frequency some­
what increased in the offshore direction .Its number of individuals was 
considerably higher at outer stations, however .quantitatively insignificant. 
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CENTROPAGES KROYERI (GIESBRECHT) 
KASTELA BAY 

MONTH 1 2 3 4 5 6 7 8 9 10 11 12 
1970 180 440 160 80 o 240 260 60 420 40 
1971 20 100 160 160 20 120 3100 140 480 2380 200 80 
1972 180 340 120 o 20 700 120 180 120 720 o o 
1973 90 30 10 40 20 20 30 80 360 1060 440 60 
1974 140 460 o 180 o o 80 700 2480 380 120 60 

PELEGRIN 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 o o o o o o o o 10 o o o 
1971 o o o o o o o o o 20 3 o 
1972 o o o o o o o o o o o o 
1973 o o o o o o o o o o o o 
1974 o o o o o o 35 o o o o o 

STONCICA 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 o o o o o o o o o o o o 
1971 o 35 o 7 o o o o o o o o 
1972 o o o o o o o o o o o o 
1973 o o o o o o o o o o o o 
1974 o o o o o o o 35 o o o o 

36. Isias clavipes BOECK, 1864 - It is rat her of interest tha;t tihi.s 
species was much more numerous in the Kaštela Bay during some earlier 
investigations, from 1960-1969 (R e g ne r, D., 1970) than recently. It was 
found in highest percentages in the Kaštela Bay, however rare and occurring 
in insignificant quantities at this and other two stations. 

Temoridae 

Two species of this familly were recorded. T. stylifera is wtdely distcibuted. 
Adriatic species and counts among the most numerours copepods. However, 
T. longicornis is rather rare and occurs in small numbers. Only sporadica,l 
records of this species have been reported. 

37. Temora stylifera (DANA), 1848 - Its highest percenta1ge presence 
was recorded from the coastal station where it made up 56.440/o of the total 
number of collected individuals. 

It was a1lmost continuously present at all three stations, that is in 86 to 
900/o of the samples. 

It made up the highest percentage proportion in the total number of 
copepods (12.790/o) in the Kaštela Bay. However, at Pelegrin and Stončica 
these percentages were as well high, 10.79 and 7.410/o respectively. Maximum 
numbers were recorded in summer and autumn. 

38. Temora longicornis (Mt.TLER), 1792 - It occu:rred occasionaly at 
alll the stations and in smalll number of tndividuals. 

The highest numbers were recorded from the Kaštela Bay, even though 
these quantities were not significant either. 
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TEMORA STYLIFERA (DANA) 
KAŠTELA BAY 

MONTH 1 2 3 4 5 6 7 8 9 10 11 12 
1970 40 20 5 20 400 320 1980 1400 460 20 
197] 5 60 40 20 20 120 120 620 1520 440 180 40 
1972 20 o 40 60 220 400 500 480 820 180 460 80 
1973 20 o o o 40 o 600 960 1340 580 40 60 
1974 5 5 60 o o o 140 260 700 160 520 420 

PELEGRIN 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 140 50 140 60 130 30 80 380 300 190 90 10 
1971 o 30 30 30 30 10 100 270 270 190 110 20 
197:l 10 60 100 30 o 190 60 o 350 200 110 150 
1973 90 30 10 40 20 20 3 80 360 1060 440 60 
1974 20 30 40 70 10 60 60 240 1070 510 570 230 

STONCICA 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 91 28 21 28 7 77 35 175 210 77 35 28 
1971 49 21 14 o 35 21 84 84 98 196 o 35 
1972 28 14 7 o 7 21 77 84 63 70 42 77 
1973 42 7 49 42 o 21 7 28 182 455 98 21 
1974 7 28 o 21 21 119 77 175 203 273 49 182 

Metridae 

This family :includes three rather rare species which occur in small 
numbers. 

39. Pleuromamma abdominalis (LUBBOCK), 1856 - It was not recorded 
from the Kaštela Bay, and only few individuals were recorded from Pelegrin 
and Stončica. 

40. Pleuromamma gracilis (CLAUS), 1863 - It was recorded only once 
from the coasta1l area. Going offshore its frequency of occurrence -increased 
thUrS that it was found in more than 500/o of the samples collected from 
»Stončica«. 

The number of individuals also increased going towards the open sea 
where ,it made up 0.970/o of the total number of copepods. 

Its quanUties were quite insignificant both in the channel area and in 
the open sea. 

Lucicutidae 

Three species of this family were recorded. L. clausi was very rare whiile 
the orther two sipecies were slightly more frequent even though ocourring in 
smaH numbers. The number o,f individuals increased i,n the offshore direction. 
However, their quaintities were not signifi.~nt at »-St.ončica« either. 

41. Lucicutia clausi (GIESBRECHT), 1889 - Only two individuails were 
found at »St.ončica« in December 1974. 

42. Lucicutia flavicornis (CLAUS), 1863 - It occurred rather frequently 
and in small number of individuals. It was reoorded from the Kaštela Bay 
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from time to time, in more than 500/o of the samples at Pelegrin and in 
almost all the samples at Stončica. 

Its quantities were quite insignificant in the ooastal and channel area, 
while it made up 1.760/o of the total number .of copepods in the open sea. 

43. Lttcicutia ovalis WOLFENDEN, 1906 - This rather rare species occur­
red in small numbers only at »Pelegrin« and »Stončica«. Its quantities were 
ins.ignid'icant. 

Heterorhabdida 

Two speci:es of this fami!ly were noted at »Pelegrin« ail'l'd »Stončica« . 

44. Heterorhabdus papilliger (CLAUS), 1863 - Small number of indivi­
duals was occasionaJ!ly recorded. Even though !i.ts numbers were :somewhat 
higher at »Stončica« it was quite insignificant among the other copepods. 

45. Heterorhabdus spinifrons (CLAUS), 1863 - It occurred very rarely 
and in small numbers. Greater numbers were recorded from »Stončica« . 

Augaptilidae 

OniJ.y one species of this fami[y was found at »Pelegrin« and »Stončica«. 

There were no records from rthe ooastaJ area. 

46. Haloptilus longicornis (CLAUS), 1863 - Its numbers were somewhat 
higher at the open sea station. However, its quantity in relation to other 
copepods is not significant - not exceeding 0.550/o~ 

HALOPTILUS LONGICORNIS (CLAUS) 
PELEGRIN 

MONTH 1 2 :i 4 5 6 7 8 9 10 11 12 
1970 o o o o 20 iJ o o o o o o 
1971 o o o o o o o o o o o 3 
1972 o 10 o o o 3 o o o o o o 
1973 o o o o o o o o o o o o 
1974 o o o 10 o o o o o o o o 

STONČ:ICA 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 14 o 7 21 21 7 28 o 21 o 14 84 
1971 o o o o o o o o o o 7 14 
1972 o o o o o o 14 2 o 2 o 2 
1973 o 2 o o o o 2 o 7 7 o o 
1974 o o o o o o 7 o o 7 7 o 

Candaciidae 

All of the eight species of this family occurred rarely and in small numbers 
wi:th the exception of Candacia armata and Paracandacia simplex species. 
Few individuals of other six species were reoorded mainly from »Pelegrin« 
and »Stončica«. 

• 
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47. Candacia aethiopica (DANA), 1848 - Only three individuaL'l were 
reoorded from »Pelegrin« in 1972. 

48. Candacia armata '(,BOECK), 1872 - It wais best represented species 
of this fami'ly, recorded from all three stations. Its percenta,ge of the total 
number of individuals wa,s lowest at »Stončica« - 15.170/o. It wa..<J found in 
about 500/o of the samples from the ooastal and open sea areas, and in about 
700/o of the samples from the charnnel area. 

Its rrumbers were lowest in the open sea, exceeded •oonsiderably by those 
in the Kaštela Bay and Pelegrin at which the~r nUiIIlbers wer{:: aJ.most the same. 

Its percentage proportion in the total number of copepods was highest at 
»Pelegrin«, however insigni.ficant. 

Its number of individuals showed s'light decrease both in the ooastal 
area and in the channel one throughout the period of investigations. 

CANDACIA ARMAT A (BOECK) 

MONTH 
1970 
1971 
1972 
1973 
1974 

l\IONTH 
1970 
1971 
197:J 
1973 
1974 

;\/fONTH 
1970 
1971 
1972 
1973 
1974 

1 
20 

5 
80 
20 
o 

1 
3 

10 
10 
10 
10 

1 
o 
2 
7 
2 
7 

2 
20 

5 
20 
o 
5 

2 
30 
20 
10 
10 
10 

2 

o 
2 
o 
2 

14 

3 

o 
5 
o 
o 

3 
80 

3 
30 
30 
10 

7 
7 
o 
o 
7 

1 

o 
20 
o 
o 

,1 

50 
20 
10 
o 
o 

4 
7 
2 

21 
2 

14 

5 
o 

20 
20 
o 

5 
10 
o 

10 
o 
o 

5 

7 
o 
o 
o 

14 

(i 

20 
5 
o 
o 
o 

6 
10 
10 
10 
10 
10 

G 

o 
o 
o 
o 
o 

7 
o 

20 
5 
5 

20 

7 
3 
o 

10 
50 
o 

7 
2 
2 
o 
7 
7 

KA!:iTELA BAY 
8 9 10 11 

20 O O 40 
5 O 20 5 
O 40 5 O 
O 40 O 5 
O O O 5 

PELEGRIN 
8 9 10 
O 3 O 
l) o o 
O 10 10 
O 10 30 
O 20 3 

8 
14 
o 
o 
7 
o 

STONČTCA 
9 
o 
o 
2 
7 
o 

1.0 
o 
o 
o 
7 
7 

11 
o 

o 
o 

11 
o 
!) 

2 
2 
o 

13 
20 
40 
40 
o 
o 

]') 

3 
o 

10 
10 
20 

o 
28 
o 
o 
o 

49. Candacia bipinnata (GIESBRECHT), 1889 - About 50 indivi<luals 
were recorded from ,,Pelegrin« in 1970. 

50. Canda.ci.a elongata (BOECK), 1872 - It was recorded on on.1y one 
occasion from the open .sea station. 

51. Candacia ten.uimana (GIESBRECHT), 1889 - Only few individuals 
were re corded from »Pelegr,in« and »Stončica«. 

52. Candacia varicans (GIESBRECHT), 1892 - Sevcn individual:s were 
recorded from the open sea station. 

53. Pamcandaci.a bispinqsa, (CLAUS), 1863 - Onily occasiona,Ny reoor<l0d 
from the open sea station. 

54. Paracandacia simplex (GIES(BRECHT), 1889 - It occurred in smaU 
numbers at »Pelegrin« and ►►stončica«. Its quantities quite ins,ignificant . 
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Ali five species of this familly were rather rare and occurred iln sma;lJ 
numbers. Pontella lobiancoi was somewhat more numerous but qu~te insigni­
ficant amo<ng the other co1Pepods. 

55. Anomalocera patersoni TEMPLETON, 1873 - Few individuals of this 
species were found at »Pelegrin« in 1972. 

56. Pontella lobiancoi (CANU), 1988 - SmaU numbers occasional-1y occur­
red throughout the study area. 

57. Pontella mediterranea (CLAUS), 1863 - It was rarely recorded from 
the coastal and open sea areas. 

58. Labidocera wollastoni (LUBBOCK), 1857 - Even though this species 
occurred rarely and in small numbers it was recorded from all the stations. 
Its numbers were somewhat higher i-n the Kaštela Bay. 

59. Pontellopsis regalis (DANA), 1849 - Only two indivddua1s were rec::ir­
ded from the open sea station in January 1970. 

60. Pontellina plumata (DANA), 1849 - Only few individuals o.f this 
rare species were found at »Pelegrin«. 

Acartiidae 

Four species of this family were reoorded during our investigations. 
Acartia clausi was oontinuously present in all the samples . It counts among 
the quantitatively dominant copepods in the ooastal area. Other species of 
this family were sporadicaUy recorded and in smaN numbers. 

61. Acartia clausi GIESBRECHT, 1889 - This widely distributed surface 
species was r ,ecorded from an the stations. However, its percentage proportion 
in the total number of recorded individuals, which amounted to 83.31 O/o, was 
highest at the coastal sea station. 

Its frequency decreased in the offshore direction thus while it was recorded 
from almost all the samples in the coastal area it was found in about 660/o 
of the »Stončica« samples. 

ACARTIA (ACARTIURA) CLAUSI GIESBRECHT 
KAŠTELA BAY 

MONTH 1 2 3 4 5 (i 7 8 9 10 11 12 
1970 240 1440 740 440 380 160 120 20 260 1240 
1971 40 500 1380 2060 260 220 60 100 260 60 80 40 
1972 70 10 50 30 100 130 170 350 20 o o o 
1973 420 460 100 620 280 440 740 120 360 120 440 1480 
1974 440 360 760 1660 160 1220 920 200 620 80 1220 680 

PELEGRIN 
lVIONTH 1 2 '.J 4 5 6 7 8 9 10 11 12 

1970 o 80 o 110 140 30 10 o 10 o o 10 
1971 o 40 70 80 110 40 20 20 3 10 30 o 
1972 70 10 50 30 100 130 170 350 20 o o o 
1973 10 30 150 o 120 40 420 80 40 20 o 10 
1974 170 120 750 30 10 240 100 90 10 40 o o 



D. Regner 39 Copepod dynamics in the Adriatic Sea 
Acta Adriat., 26 (2) : 11-99 (1985) 

STONCICA 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 21 7 o 7 7 42 7 o o o o o 
1971 2 259 35 14 42 21 o 7 7 7 o 20 
197:l o 14 o o 7 553 21 28 o o o 28 
1973 35 42 o 63 o 42 28 56 7 2 7 7 
1974. 14 28 49 14 217 o 14 7 o o 7 6 

The number of individuals rapidly decreased iln the offshore ·direction. 
It counts amcmg the dominant copepods iJn the Kaštela Bay, where it made 
up about 1/5 of. their total numbers. Its percentage proportion in the total 
copepods was aJs·o recluced going towards the open sea. However, i-t was 
relativeJ.y si,gnificant at »PeJegrin« wi,th 5.160/o and at »Stončica~• with 3.390/o. 
The numbers of this species were higher in wilnter and spring. 

It is of interest to p-oint out that the number of individuaus contilnuous•ly 
increased throughout the per)iod of investigations. 

62. Acartia longiremis (LILJEBORG), 1853 - Only three individuals were 
recorded from »Pelegrilil« in February 1972. 

63. Acartia adriatica, STEUER, 1910 - It was recorded o!Illy from the 
channel area in November 1970. It is rare Adriatic copepod. 

64. Acartia negligens DANA, 1849 - Few individuals occurred at »Ston­
čica« in January 1970. 

Oithonidae 

Three species o:f t:his famiily were determined. They aire 1listed under the 
common genus name. 

These three species occurred at all the stations in almost the same quan-
tities. Their quantity was sLi.ghtly higher in the Kaštela Bay. 

OITHONA SP. 
KAŠTELA BAY 

MONTH 1 2 :i 4 5 6 7 8 9 10 11 12 
1970 40 60 160 320 60 280 220 100 180 180 
1971 60 130 20 20 40 120 60 220 180 80 o 340 
197!1 80 140 40 120 80 440 280 340 100 60 o 20 
197:l 140 o 60 40 - o 120 420 360 120 20 o o 
1974. 220 100 180 120 40 80 80 220 20 360 120 440 

PELEGRIN 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 40 40 180 310 80 100 180 130 270 220 180 180 
1971 20 30 90 100 120 40 150 140 160 70 30 70 
197:l 90 70 60 40 130 230 140 270 70 130 90 50 
1973 290 150 50 40 30 70 140 120 210 80 40 150 
1974 140 80 50 70 20 30 230 320 130 120 140 150 

STONCICA 
ivIONTH 1 2 3 4 5 G 7 8 9 10 11 12 

1970 161 35 84 189 252 539 238 322 252 168 126 56 
1971 35 42 49 126 35 56 35 98 91 63 63 49 
1972 70 o 21 21 28 70 91 112 203 70 98 28 
1973 56 112 49 133 140 35 273 252 273 133 63 112 
1974 119 189 126 126 84 28 21 98 42 56 119 84 
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Frequeincy of occurrence was also high at all the stations. 
The species 65. Oithona nana GIESBRECHT, 1892 was most numerous 

in the Kaštela Bay. Percentage proportion of the species 66. Oithona helgo-• 
landica (CLAUS), 1863 and 67. Oithona plumife1·a BAIRD, 1843 increased 
going towards the open' sea. 

Ect inosomidae 

Only one species of this family was occasionally recorded and in small 
numbers. 

68. lvI-icrosetella norvegica (BOECK), 1864 - Even though recorded from 
all the stations this species is very rare and occurs in small ,numbers. 

It was recorded once from the Kaštela Bay and twice from Pelegrin 
and Stončica. 

Macroselellidae 

69. Macrosetella gracilis (DANA), 1852 - It is the only species of this 
family. It occurred at all the stations but rarely 8!Ild im small numbers. Its 
numbers were somewhat higher in the Kaštela Bay. 

Tachydiidae 

70. Euterpina acutifrons (DANA), 1852 - It is also the only species of 
this family, occurring rather rarely and in small numbers. Only two indi­
viduals were found at the open sea station in. 1971. Considerably greater 
numbers were recorded from the coastal area. Its quantities were quite 
insignificaint. 

Clytemnestridae 

71. Clytemnestra rostrata (BRADY), 1883 - It is the only species of 
this family. Small number of i1ndividuals occurred only once at each of the 
stations. 

Oncaeidae 

A total of seven species of this family were recorded of which five are 
given under the common genus name. 

72. Oncea venusta PHILIPPI, 1843 - It was recorded from time to 
time and iJn smailil numbers from a11 the stations. 

73. Oncaea mediterranea (CLAUS), 1863 - Frequency, number of indi­
viduals and percentage proportiOIIl of this species considerably increa;:;ed going 
towands the open sea. However, its quantities were insignificant at ~ston­
čica" , either. 

74. Oncaea media GIESBRECHT, 1891 - It is one of the best represented 
species of this family. It occurred at all the statiOIIls and in greatest numbers 
in the open sea. 
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75. Oncaea dentipes GIESBRECHT, 1892 - Only few individuajs were 
recorded from ►►Kaštela Bay« and ►►Pelegrin« . 

76. Oncaea subtilis GIESBRECHT, 1892 - It was recorded from all three 
stations. The highest number of individuals occurred i,n the coastal water~ 
at the »Kaštela Bay« station. 

ONCAEA SP. 
KAŠTELA BAY 

74 MONTH 1 2 3 4 5 6 7 8 9 10 11 12 
1970 5 o o 20 o 20 20 o o o 
1971 o o o o o 20 o 20 60 o o 20 
1972 5 20 5 o 20 o 5 o o 20 o 5 
1973 40 40 5 40 o o o o o o o o 
1974 o o 20 o o o o 40 o o 20 20 

PELEGRIN 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 80 30 120 40 10 70 60 160 40 20 o 80 
1971 10 3 50 3 20 60 ,10 20 20 20 o o 
197:1 10 20 30 30 120 30 40 30 60 20 80 90 
1973 130 20 o 40 40 40 20 40 100 130 o 70 
1974 50 10 40 10 10 10 20 10 20 20 10 o 

STONČICA 
MONTH 1 2 ;~ 4 5 6 7 8 9 10 11 12 

1970 42 14 49 42 35 70 70 98 140 84 59 35 
1971 28 2 28 42 7 35 28 28 o 28 56 7 
1972 35 21 35 14 35 56 84 154 63 21 133 56 
1973 49 63 28 98 28 7 49 112 196 217 7 49 
1974. 133 35 14 42 35 84 21 56 56 21 49 21 

KAŠTELA BAY 
76 MONTH l 2 3 4 5 6 7 8 9 10 11 12 

1970 20 o o 80 o 40 20 5 60 20 
1971 5 o 20 5 20 120 20 80 140 80 5 5 
1972 20 5 o o 20 20 5 20 60 5 o 20 
1973 o o 20 o o o 80 o o 100 40 o 
1!)74. 20 20 20 80 20 o 5 160 5 20 20 20 

PELEGRIN 
MONTH 1 2 :i 4 5 6 7 8 9 10 11 12 

1970 30 30 110 120 20 30 3 20 10 20 !)0 30 
1971 20 30 20 o 20 20 10 o 3 80 50 30 
1972 20 50 10 20 50 30 10 10 70 10 30 o 
1973 30 20 10 40 o o 20 10 10 50 10 20 
1974 50 70 70 40 40 o 20 o 10 20 70 40 

STONCICA 
MONTH 1 2 3 4 5 6 7 8 9 10 11 l •) 

'-

1970 63 o 7 21 o 7 7 21 98 77 21 28 
1971 28 o 42 70 28 28 21 133 7 28 35 :l5 
1972 7 42 21 14 21 42 28 28 -14 21 •)-

" .) 35 
1973 35 14 14 42 o 28 7 21 7 42 7 63 
1974 7 35 35 105 21 42 28 7 14 42 28 o 

77. Lubbockia squiHimana CLAUS, 1863 - Its frequency ilncreaised g.otng 
offshore. The number of individuals and percentage proportion among the 
other copepods was constderaJhly hi,gh at »Pelegrin«, 
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78. Pachos punctatum (CLAUS), 1863 - Only three individuals of this ran, 
spccies w ere noted at »Pelegrin« in October 1970. 

Sapphirinidae 

A t.otal of seven species of this family belonging to Sapphirina genus 
were determined in the study area: 

'79. Sapphirina gemma DANA, 1849 

80. Sapphirina iris (DANA), 1849 

81. Sapphirina metallina DANA, 1849 

82. Sapphirina nigromaculata CLAUS, 1863 

83. Sapphirina ovatolanceolata DANA, 1849 

84. Sapphirina opalina DANA, 1849 

35. Sapphirina sali F ARRAN, 1929 

Other species of this family are given in tables under common genu!> 
name. They occurred occasionally and in small numbers. Thei.r frequency 
and nurnbers increased goiing towards the open sea. 

Corycaeidc.e 

There were recorded 11 species of this family. However, only few o.f 
them occurred in greater numbers and all year kmg. 

88. Corycaeus clausi DAHL, 1849 - It was not recorded from the Kaštela 
Bay and anly three individuals were found at »Pelegrin«. It occurred somew­
hat more frequently in the opein sea. Even though its numbers were much 
higher in the open sea it was quite insign.ificant among the other copepods. 

89. Corycaeus limbatus BRADY, 1888 - Very rare species. It was 
recorded only once from »Pelegrin« and on several occasions from »Stončica« . 

90. Corycaeus typicus (KROYER), 1849 - It is widely distributed species 
recorded throLighout the study area. It occurred in almost the same numbers 
at all three stations (from 30.610/o to 34.700/o). 

Its freq,mncy increased going towards the open sea. In the Kaštela Bay 
it was reoo,rded from more than ha[f the samples. 

Its quantities were highest of aill. the species of Corycaeus genus deter­
mined during our investigations. The number of individuals increased goill1g 
towards the open sea. 

Greater numbers were recorded during the warmer part of the year. 
Its percentage proportion in the total copepod numbers also increased 

goimig towards the open sea reaching 3.230/o at »Stončica«. 
No regular variation pattern could be established during our investiga­

tions since the number oi individuaJs was alternatively reduced and i:ncreased. 

91. Corycaeus flaccus GIESBRECHT, 1891 - Its percentage prnportion 
was highest in the open sea where it made up 50.50/o of the total ll1umber 
o[ recorded i1ndividuals. 
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Its frequency sudden'ly incremsed a,t the channel station, where its 
quantity increase was also noted. In addition, its percentage proiportion 
in the total copepod numbens wa[ ai1so increased reaiching 1.480/o at Stančica. 

CORYCAEUS (AGETUS) FLACCUS GIESBRECHT 

KAŠTELA BAY 
MONTH 1 2 3 ,J 3 G ~ 8 9 10 11 12 ' 

1970 20 o o o o o 5 o o 20 
1971 o o o o o o o o o 20 o o 
1972 o o o o 5 o o o o o o o 
1973 o o o o o o o o o o o o 
1971,. o o 20 20 o o o o o o o o 

PELEGRIN 
MONTH 1 2 3 'i ;:; 6 7 8 9 10 11 12 

1970 30 20 60 o 10 10 20 10 10 3 3 3 
1971 o 30 10 20 20 o 10 50 o o 40 o 
1972 20 40 3 o o o o 3 3 20 3 o 
1973 10 10 o o 20 50 o 10 o o 10 3 
1974 10 3 10 10 10 20 20 o o 3 20 10 

STONČICA 
iVIONTH l " 3 4 5 6 7 8 9 10 11 12 "' 

1970 14 7 42 7 7 21 7 7 21 49 21 7 
1971 o o 14 o o o o 7 7 o o o 
1972 o 28 7 7 7 o 7 2 21 o 2 14 
1973 42 o 7 7 o o 7 14 7 28 14 42 
1974 28 42 14 21 7 42 21 7 42 21 42 28 

92. Corycaei.:s giesbrechti DAHL, 1849 - This species was recordEd only 
,once frorn. the Kaštela Bay a:nd from Pelegrin, and on four occasions frorn 
»Stončica« . 

93. Corycaeus latus (DANA), 1849 - It occurred only occasionaliy and 
in sma11 numbers. Its numbers were highest at Pelegrin, however imsignifi-
<!aI1 L. 

94. Corycaeus ovalis CLAUS, 1863 - Only few individuals were recorded 
from each of the stations. The smallest a:mmbers were foUIIld at Pelegrin. 

95. Corycaeus anglicus LUBBOCK, 1855 - It was recorded on two occa­
sic_ms from ►►Pelegrin«, Ln 1972 and 1974. 

96. Corycaeus brehmi STEUER, 1910 - It was recorded throughout the 
,study a.rea. Its percentage proportion in the tot al number of recorded iindi­
viduals was highest in the Kaštela Bay (58.130/o) : 

It was found in slightly more than half the sam.ples in the coastal area. 
It was even more frequent at other two stations. 

The highest quantities occurred in the coastal area, and the number of 
individruals wais gradually reduood goiing offshore. 

It made up 1 O/o of the tota~ oopepod numbers in the Kaštetl.a Bay. G-Oing 
,offshore this proportion was reduced and insignificaint. 
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97. Corycaeus furcifer CLAUS, 1863 - It was very rare i:n the coastal 
area, present in about 1./3 of the samples in the channel area and in more 
than 700/o in the opein sea. 

The number of individuals was also considerably higher in the cpen sc,l 
than in the coastal area. However its proportion in the total copepod number 
is not significant. 

Thc lowest number of individuals was recorded i,n summer. 

CORYCAEUS (DITRICI-IOCORYCAEUS) BREHMI STEUER 

MONTH 
1970 
1971 
1972 
1973 
1974 

MONTH 
1970 
1971 
1972 
1973 
1971 

MONTH 
1970 
1971 
197'.? 
1973 
197,1 

l 
20 
o 
o 
o 
o 

l 
10 
o 
o 

20 
:3 

1 
o 

14 
o 
o 
2 

2 
o 
o 
5 
o 
o 

2 
3 
o 

10 
o 

10 

2 
o 
o 
7 
o 
o 

3 

o 
5 
o 
5 

3 
60 
10 
o 

10 
20 

3 
o 
o 
7 
o 
7 

o 
5 

20 
40 

4 
o 

10 
o 
o 
o 

4 
7 
o 
o 
o 

14 

5 G 7 
80 60 20 
O 100 100 

40 O 20 
20 O 20 
20 O O 

5 
20 
10 
o 
o 

10 

5 
o 
7 
o 
7 

14 

6 
50 
10 
:rn 
60 
20 

6 
14 

7 
21 

7 
o 

7 
o 

10 
10 
o 

10 

7 
o 
7 
7 
o 
o 

KAŠTELA BAY 
8 9 10 11 

40 100 O 60 
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60 O O O 
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20 60 40 40 
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O 10 30 
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7 
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o 
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o 
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o 
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7 

93. CoryceUa rostrata CLAUS, 1863 - It was recorded from all th rec 
stations and its percentage was lowest iin the Kaštela Bay. 

Its frequency also increased going towards the open sea, thu.,; that lt 
was recorded from more t.ham 750/o of the samples at »Stončica,.,. 

Its quantities were lower iln the coastal area. 
Percentage proportion in the total copepod number increased going 

o.ffshore, from 0.16 to 1..01. and 1.530/o. 

CORYCAEUS (CORYCELLA) ROSTRATA CLAUS 

MONTH 
1970 
1971 
1972 
1973 
1974 

MONTH 
1970 
1971 
1972 
1973 
1974 

1 
o 
o 
o 
o 
o 

l 

30 
o 
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40 
20 

2 
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o 
o 
o 
o 

2 
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20 
20 

3 
10 

20 
5 
o 
o 

3 
o 
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o 
o 

40 

4 

o 
o 
o 
o 

4 

80 
o 

10 
o 

20 

:i 

o 
o 
5 
o 
o 

;j 

10 
o 

10 
10 
10 

G 

o 
20 
40 
o 
o 

6 
3 
o 
o 

20 
10 

7 

o 
o 
o 
o 
o 

7 
10 
o 

20 
o 

10 
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8 

20 
o 

10 
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10 
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9 

10 
3 
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o 

20 

10 
10 
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o 

30 
10 

l1 
3 

:30 
!) 

10 
20 

12 
20 
o 
o 
o 

20 

12 
:3 

10 
o 

40 
20, 
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STONČICA 

MONTH 1 2 3 -1 :.i 6 .., 
8 9 10 11 12 I 

1970 7 14 7 14 o o 14 o 21 - 21 56 14 
1971 21 o 21 21 o 7 7 7 7 35 7 42 
1972 7 14 7 o o o o 7 35 28 2 28 
1973 35 7 7 28 o o 2 21 21 35 14 28 
1974 21 21 21 14 7 7 7 7 7 21 o 28 

C OPEPODITS AND OTHER COPEPODS 
KAŠTELA BAY 

!vlONTH 1 2 3 4 5 6 7 8 9 10 11 l2 
1970 380 160 260 160 100 140 420 180 140 180 
1971 80 100 580 480 740 760 260 260 220 160 20 40 
1972 140 60 100 360 500 240 80 300 140 360 40 540 
1973 120 360 360 480 280 240 260 260 220 140 20 20 
1974 240 340 160 980 260 660 280 20 60 100 360 680 

PELEGRIN 
MONTH l 2 3 ,1 5 6 7 8 9 10 11 12 

1970 190 50 110 140 60 20 190 210 240 90 130 210 
1971 60 90 370 40 530 130 80 60 20 60 80 10 
1972 120 230 230 320 210 270 40 60 50 60 190 50 
197:1 40 140 110 290 20 470 10 10 140 30 50 160 
1974 60 80 290 140 390 410 210 80 210 30 180 30 

STONCICA 
MONTH 1 2 3 4 5 6 7 8 9 10 11 12 

1970 91 42 91 133 63 168 63 112 28 133 168 49 
1971 42 336 84 483 301 133 112 28 63 21 28 28 
1972 28 35 77 35 168 133 105 91 28 35 182 189 
1973 7 112 98 23 266 301 196 168 7 112 105 147 
1974 98 49 63 68 28 14 133 122 133 126 35 161 

DISCUSSION 

1. Horizontal distribution of copepods in the coastal area of 
the middle Adriatic 

A iotal of 98 species were recorded from the coastal area of thc middle 
Adriatic during five years of investi.gations. Their number by stations was 
af follows: 

»Kaštela Bay« 53 species 
»Pelegrin« 91 species 
»S tončica « 90 species 

Copepod species number is apparently lower in the coastal waters than 
at the channel and open sea stations between which there is no significalllt 
di.fference. 

Of 53 species recorded froin the Kaštela Bay cmly 20 species are widely 
distributc:d in other similar areas along the easterin Adriatic coast (Gamu-
li n, 1939, 1948; V :uče ti ć, 1957, 1958, 1960, 1961a, b, 1965, 1966a, 1969; H ure 
& Scotto di Car 1 o, 1969b, 1977, 1979.; R e g!Il e r, D., 1970, 1973, 1974, 
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1976; Buljan, Hure & Pucher-Pe ,tkorvić, 1973; Vu ,kanić, 1971, 
1975). 

The observations of frequency of occurrence of these species showed 
thai, speci.es permanently present in all the samples throughout the pedod 
of investigations were: Centropages typicus and Acartia clausi. Paracalanus 
parvus, Clausocalanus ,arcuicornis, Clausocalanus jobei, Ctenocalanus vanus, 
Centropages kroyeri and Temora stylifera were recorded from more than 
750/o of the samples. They were recorded throughout the year and were only 
occasionailly absent. They are mai1nly »surface species wirdely distriibuted in 
a,lil inrshore .Aidriatk areas, except a!long the southea,stern c-oaist where they 
are more rare« .- Hure & Scotto di Carlo, 1977. 

Thc :i'ollowing copepods were recorded from 50-750/o of the sam ples ; 
Calanus tenuicornis, Diaixis pygmaea, Isias clavipes, Temora longicorni.s, 
Candac:ia armata amd Corycaeus typicus, and the following from 25-500/o 
of the samples: Calanus helgolandicus, Calocalanus pavo, Mecynocera clausi, 
Clausoca~anus furcatus. Other species occurred more rarely. 

The species Neocalanus gracilis, Eucalanus elongatus, Euchaeta hebes, 
Lucicutia flavicornis, Clytemnestra rostrata, Lubbockia Squillimana, Sapphi­
rina nigromaculata, Corycaeus flaccus and some others occurred in the Ka­
štela Bay predominantly in winter. This may be due to the current system 
by which the open sea water is carried into the Bay particularly in winter 
(Zor e - A r ma n da, 1974). 

A lotal of 91 species were recorded from »Pelegrin« station situated in 
the channel area of the middle Adriatic. The following species were recorded 
from more than 750/o of the samples: Calanus tenuicornis, Mecynocera clausi, 
Clausoca.lanus arcuicornis, Clausocalanus jobei, Clausocalanus furcatus; Cteno­
calanus vanus, Centropages typicus, Temora stylifera amd Corycaeus t,ypicus. 

Some of these most frequent copepods occurred more frequently in the 
open sea (C. tenuicornis, M. clausi) while some are wtdely distr.i:buted coastal 
surface species and some, such as Ctenocalanus vanus, are species widely 
distributed in the Adriatic (H ure & S c o t to di Car 1 o, 1977). This 
species composition was to be expected owing to the location of this station 
irrl the middle Adriatic channels affected both by the open sea and coastal 
waters. Species recorded from 50-750/o of the samples were: Nannocalanus 
minor, Calocalanus pavo, Euchaeta hebes, Lucicutia flavicornis, Candacia 
armata, Corycaeus flaccus, Corycaeus brehmi amd Corycella · rostrata which 
mainly are, except C. armata, C. brehmi and C. rostrata, more frequent in 
the open sea. Paracalanus parvus, Ischnocalaniis plumulosus, Clausocalanus 
mastigophorus, Clausocalanus lividus, Diaixis pygmaea, Pleuromamma gra­
cilis, Corycaeus latus and Corycaeus furcifer were found in less than 500/o 
of the samples in which the open sea species were also predominant (except 
Paracalanus parvus aind Diaixis pygmaea). Other species were more rare. It 
may be of interest to mention that a large number o-f species (about 30) 
occurr-ed din on1y one sample or, at most, in the severail of them thoughout 
the period of investigations. The majority of the Adriatic species are mainly 
record€d from a small number of samples. Pelagic species occurrt'j in somew­
hat smaller quantities. Some widely distributed species and few coastal species 
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were rarely recorded. However, they occurred in very low numbers parti­
oul.airJy if oompared rto .the ahovementioned ~pecies. 

Number of species recorded from this staticm. exceeded for about 40 that 
recorded from the Kašt-2la Bay. However, one can understand this easily 
since these species are predomina.."1tly open sea species and ►►Pelegrm« i:, 
affected by the ingoing Adriatic current for the most part ,of the year. 

Out of the total of 90 species recorded from ►►Stončica« which is strongly 
affected by the open sea, the following copepods were found ilil more than 
750/o of the samples: Nannocalanus minor, Calanus tenuicornis, Mecynocera 
clausi, Clausocalanus arcuicornis, C. jobei, C. furcatus, Ctenocalanus vanus, 
Centropages typicus, Corycella rostrata. The following species occurred im 
50-75°/c, of the samples: CalocalantlS pavo, Ischnocala1.us plumulosus, Clauso­
calanus mastigophorus, Euatideus giesbrechti, Euchaeta hebes, Pleuromamma 
gracilis, Candacia armata, Acartia clausi, Corycaeus flaccus, Corycaeus brehmi 
and Corycaeus furcifer, and the fol.'l.owing in 1leS1s than 500/o of the sam­
ples: Clausocalanus lividus, Clausocalanus pergens, Clausocalanus parapergens, 
A.etideus armatus, Scolecithrix bradyi, Scolecithricella dentata, Diaixis pyg­
maea, Centropages violaceus, Lucicutia ovalis, Haloptilus longicornis, Lubbo­
ckia squillimana and Corycaetls latus. Other species were rather •rarely 
recorded. 

A pa.rt of tihe most frequent species at this staiti,on are w1dely distrfbuted 
Adriat ic species occurring in large quantities (H ure and S c o •; to di 
Car 1 o, 1977) and a part are the open sea species (N. minor, C. tenuicornis, 
M. clausi, L. flavicornis and some other). 

From the data on the horiizontal copepod distribution in the study area 
of the middle Adriatic and the results of current system investigaticms ilil 
the same area (Z o r e - A r m a iil d a, 197 4, 1977), the occurrence of open sea 
species along the coast during winter is prnbably due to the intensified inflo­
wiiilg current from the southern Adriatic ti.n winter. On the other side, the 
occurrcnce of neritic species at ►►Pelegriin.« and »Stončica« may be explained 
in terms of horizonta! distribution of surface 1neritic copepods which, owing 
to the stronger outgoing current, are iiil summer dispersed from nerit ic areas 
of Lhe northern Adriatic into the open waters of the middle and southern 
Adriatic (H ure and S c o t t o di C a r 1 o, 1977), and partly .in lerms of 
the W :pr,evaJent di!reotion of surface currenit which forces the irnshore waJter 
masses towards the open sea (Zore-Armanda, 1968; Vučetić, 1970, 
19'13). 

2. Species composition variations 

2.1. Seasonal variations of species compositiOIIl 

Observations of the number of copepod species showed considerable va­
rialbions both by seaisons and for the period of invest1gations. 

In the Kaštela Bay the number of species ranged from 7 to 21 (with the 
exceptioo tof species taken under common genera names). Minima and maxima 
occurred as follows: 



4'8 

1970 11 
1971 11 
1972 8 
1973 7 
1974 9 

(July) to 
(May) to 
(November) to 
(January) to 
(June) to 
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21 (January) 
20 (December) 
19 (Jainuary) 
15 (November) 
19 (November, Decembrer) 

Accordingly, the highest numbers were recorded in the coastal area in 
winter what is in agreement with the earlier results (Gamu 1 i n, 1939; R e­
g ne r, D., 1970, 1973). The lowest numbers were recorded in spring-summer 
(May, June, July) and in autumn-winter (November, January). • 

The number of species varied from 9 to 30 at »Pelegrin«: 
1970 19 (November) to 30 (January, May) 
1971 9 (August) to 26 (November) 
1972 14 (August) to 30 (December) 
1973 14 (April, July) to 30 (January) 
1974 19 (August) to 29 (March) 

The highest m.unbers were also reoorded in autumn and winter (September, 
November, December, January) and the lowest ma,inly in summer (except in 
1970). 

The number of copepods varied from 18 to 42 at »Stončica« according 
to the pattern similar to those at two preceding stations: 

1970 18 (August) to 42 (January) 
1971 18 (February) to 31 (July, September) 
1972 20 (April, October) to 27 (December) 
1973 19 (May) to 32 (November) 
1974 20 (July) to 32 (January) 

Maxima were recorded here at the same time of the year and, even more 
so, the same months ais at two preceding stations with the exception of 1971. 

Annual variations of species number for all the stations and for the 
period of investigaitions a:re given in Fig. 2. To observe the seaJS0:na1 va:riation 
pattern of the number of species it wa:s at'temipted ito express the data as 
the five ye.ar means (F.ig. 3). Thus i:t was made clearer that maximum n'Ullllbers 
of species occur,red at a.hl three stat:ions in winter, main1ly iJn Januacy an.d 
F.ebruary thrut is ilJl the period of ilntensilied open sea .influence on mild­
-Adriati-c area. 

Minimum numbers of species occurred mainly in spring (April, May) and 
summer (July, August). They were reoorded firs.t in the Bay and a month or 
two later in the channel area and open sea respectively. 

2.2. Year-to-year variations of s;peaies composition 

Long-term variations of species composition were also studied. 
Out of 42 copepod species individually observed (with the exception of 

three genera wMch ,included 11 species more) only 17 were recorded evecy 
year while other 25 species were not recorded from all the Kaštela Bay 
samples. 
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The list of the species given in Table 1. shows that the species which 
were peric;>dically absent from the Kaštela Bay samples belong to the specic:­
more frequent in the open sea: Nannocalanus mino1·, Neocalanus gracilis. 
Eucalanus elongatus, Ischnocalanus plumulosus, Clausocalanus pergens, Eu­
chaeta hebes, Lucicutia flavicornis, Microsetella gracilis, Sapphirina nigroma­
culata, Corycaeus ovalis and Corycaeus furcifer. 

Table 1. List of species periodically absent from the »Kaštela Bay« 

samples 
species 

1. Nannocalanus minor 
2. Neocalanus gracilis 
3. Eucalanus elongatus 
4. Paracalanus nanus 

year : 

5. Ischnocalanus plumulosus 
6 . . Clausocq,lanus pergens 
7. Clausoca,lanus furJ;atus , 

. 8. Eui::haeta hebes , • 
9. Centropages violaceus 

10. Isias clavipes 
11. Temora longicornis 
12. Lucicutia flavicornis 
13. Pontella lobiancoi 
14. Pontella mediterranea 
15. Labidocera wollastoni 
1:6. Microsetella norvegica 
17. Macrosetella gracilis 
18. Clytemnestra rostrata 
19. Lubbockia squillimana 
20. Sapphirina nigromaculata 
21. Corycaeus flaccus 
22. Corycaeus giesbrechti 
23. Corycaeus latus 
24. Corycaeus ovalis 
25. Corycaeus furcifer ------
total number of missing species 

1970 1971 1972 1973 1974 

14 11 10 18 11 

A pa.rt of other species are otherwise rare such as Paracalanus nanus, 
Temora longicornis, Pontella lobiancoi aind Pontella mediterranea or occurring 
in low numbers. Therefure, probably we did not reoord them from all the 
samples. 

O,·er the five-year period the highest number of species was recordecl 
in 1972 and the lowest in 1973. It was also established that in 1971 and 1972 
the highest number of the open sea species was recorded fr~m 'ti1e Bay 
station. This may be indicative of the periodical changes of the copepod 
species composition at this coastal station due to the intensifJed dynamics 
of the open sea water -masses and transport. of the larger number of some 
of the species to the coastal ar,ea. 

The hydrography of the Adriatic Sea (temperature, salinity) undergoes 
considerable variations due to the long term fluctuations of meteorological 
factors (wina, atmospheric pressure) (Zore - A r ma n da, 1969; B u lj a ;n_ 
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1969). One major factor affecting the Adriatic hydrographic properties is 
inrtensified ingression of the lntern1ediate Mediteranean Water (such as in 
1963, 1&64, amd 1965) associated with the meteorological factors changes. The 
ilngressions cause nutrient and oxygen endchment of ,the Adriatic waters. 
It was established tha-t oli.!lnatic and hydrographic factors were further in 
close ccnnexion with the biological production level and therefore with the 
increase of phyto- and zooklankton vaJ:ues tn 1961 to 1966 period (Pu­
c h e r - Pet ko v i ć, 1966, 1968, 1969; V ru č e t i ć, 1965, 1969). There­
fore, we tried here to observe year-to-year chamges of copepod species com­
position in the 1970-1974 period and relate them to temperature and salinity 
annual mean values (Table 2) . 

Table 2. Annual mean temperature and salinity values, departures f.rom five year 
means and the number of copepod species recorded from a) Kaštela Bay, 
b) Pelegr'in, c) Stončica 

year 

1970 
1971 
1972 
1973 
1974 
mean 
value 

year 

1970 
1971 
1972 
1973 
197'1 
mean 
value 

year 

1970 
1971 
197Z 
1973 
1974 
n1ean 
value 

16.53 
16.55 
16.80 
16.39 
16.35 

16.52 

T°C 

17.20 
17.14 
17.45 
17.47 
17.52 

17.36 

17.78 
18.17 
17.87 
18.12 
17.73 

17.93 

departures 
from means 

0.01 
0.03 
0.28 

-0.13 
-0.17 

departures 
frorn means 

-0.16 
-0.22 

0.09 
0.11 
0.16 

departures 
from means 

-0.15 
0.24 

-0.06 
0.19 

-0.20 

S%0 
departures 

from means 
numbe1· 

o-f copepod 
species 

·----·-------------- ----

35.74 
36.34 
36.08 
36.13 
36.09 

36.08 

S%0 

37.75 
37.97 
37.83 
38.09 
:37.78 

37.88 

S%0 

38.18 
38.12 
38.11 
38,26 
37.96 

38.13 

-0.51 
0.09 

-0.17 
0.78 

-0.16 

departures 
from means 

-0.13 
0.09 

-0.05 
0.21 

-0.1 

departures 
from means 

0.05 
-0.01 
-0.02 

0.13 
-0.17 

29+3 
32+3 
33+2 
25+2 
32+3 

a) 

number 
ofcopepod 

species 

58+3 
54+2 
"57+2 
44+ 2 
55+3 

b) 

number 
ofcopepod 

species 

56+3 
56+2 
57+3 
64+3 
53 +3 

c) 

Thus it was foumd that temperature slightly increased in the Kaštela Bay 
up to 1972 to, be decreased in 1973 and minimUJm in 1974. SaJi.inity 
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alter:nat ively increased a,nd decreased reaching maximum in 1973. Number 
o.f copepod species increased up to 1972, decreased in 1973 and again increa­
sed in l 974. Accordingly, prominent changes of hydrographic factors could 
not be established during the period of our investiga<tions and ,therefore 
neither the sig,nificant annual variations of copepod species numbers. 

A totaJ o,f 83 species and 3 ge.nera with 8 species (that is 91) were iden­
tified at > ►Pelegrin« station. The• highest number was recorded i.n 1970. After­
wards this number was altennatively increased wnd decreased and reached 
minimum m 1973 (Table 2). Out of 83 species 29 occurred every year and 54 
were jperiodically arbsent (Ta,ble 3). Out of • these 54 species 23, ithat is 
somewhat less than a half, are the species more frequently occurring in the 
open sea. The highest number of open sea species was recorded m 1970 
tha,t is the same year as the imaxilmrum nu,mber of copepod species occurired. 
However no interdependence between the occurrence of these species and 
hydrographic environmental factors cou:ld be estabiliched. Namely, as shown 
by Table 2. temperature showed gradual 1ncrease i!n the five-year period 
(with a silight ,decrease in 1971) whlle sailinity increased up to 1973 when it 
reached maximum and then decreased in 1974. The variations of the total 
number of species at this station are slightly in excess of those at the Kaštela 
Bay stat.ion. 1-Iowever, no significant changes affected by hydrographic factors 
were established here, either. The increase in the number of species in 1974 
whkh fol'lowed ,the sa!liniity increase in 1973 did not exceed earlier reoorded 
values .and could :not be due to any peculiar conditions. 

A total of 78 copepod species and three genera with 12 species (that is 
90 species) were identified at ►► stončica.« The highest number of sp2cies was 
recorded in 1973 and lowest in 1974. Of these 90 species 44 were per10dically 
absent and itheir :List is given :i!l1 Table 4. About 20 species are species more 
frequent i,n the open sea. They occurred in highest !Ilumber in 1972 and fa1 
lowest number in 1974. However, ino interdependence between hydrographi.c 
factors annual changes and increase in the number of copepods species could 
be est9hlished here, either, si,nce temperature also alternatively increased and 
decreased while sali.nity increased up to 1973 and afterwards decreased. 
Vari.ations of the total numbers of copepod species at three studied stations 
in. the 1970- 1974 period are given separately in Fig. 4. Kaštela Bay a111d 
Peh,grin curves show an almost complete overlapping that is rnaximum 
number· of copepod species was recorded from both stations tn 1972 and 
sudden decrease with minimum in 1973. However, at the open sea station 
rrwxi.mum was recorded in 1973 coinciding with the highest salinity values 
recorded i.n. the five-year peri.od (Table 2). The rhythm of the variatio:ns of 
copepod speci-es numbers could not be related to saJ.inity valu.es since the 
situation i.n the channel area differred from that iu1 the coastal nrea. It 
therefqre seems possible that several environmental factors together affected 
thE:6€ vatriail:fons. However, these effects were rnot of the exten,t '1:o cause any 
sign.ificant chang,es or these cha,n.ges were due to the irnflow of watern of 
i:piite clifferent properties (like in 1963-65 period). 

These results shov.r that the variations of the nwnber of copepod speci,~:: 
in the 1970_,1974 period coincided with the occurrence of the open sea 
spe::ics even though n:o considerable annual changes of envirnnmental factor:.i 
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Table 3. Ust of species periodically absent from »Pelegrin« station 

species: year: 1970 1971 1972 1973 1974 

1. Neocalanus gracilis 
2. Eucalanus attenuatus 
3. Eucalanus elongatus 
4. Paracalanus nanus 
5. Calocalanus contractus 
6. Calocalanus styliremis 
7. Clausocalanus pergens 
8. Clausocalanus pampegens 
9. Aetideus armatus 

10. Euaeticleus giesbrechti 
11. Euchaeta marina 
12. Euchaeta spinosa 
13. Scolecithrix bradyi 
14. Scolecithricella dentata 
15. Scolethricella tenuise-r·rata 
16. Centropages kroye-ri 
17. Isias clavives 
18. Temora longicornis 
19. Pleuromamma abdominalis 
20. Lucicutia ovalis 
21. Heterorhabdus papil-iger 
22. Heterorhabdus sp'i.nifrons 
23. Haloptilus longicornis 
24. Candacia aethiopica 
25. Candacia bippinata 
26. Candacia tenuimana 
27. Candacia bispinosa 
28. Candacia varicans 
29. Paracandacia simplex 
30. Anomalocera patersoni 
31. Pontella lobiancoi 
32. Pontella mediterranea 
33. Labidocera wollastoni 
3-1. Pontellina plumata 
35. Acartia adri atica 
36. Acartia longiremis 
37. Microsete!la norvegica 
38. Macrosetella graci lis 
39. Euterpina acutijrons 
40. Clytemnestra rostrata 
41 Sapphirina sp. 
42. Sapphirina metallina 
43. Sapphirina sali 
44. Sapphirina nigromaculata 
45. Sapphirina gemma 
46. Sapphirina ovatolanceolata 
47. Sapphirina opalina 
48. Copil'ia mediterranea 
49. Copilia quad1·ata 
50. Corycaeus clausi 
51. Corycaeus giesbrechti 
52. Corycaeus ovalis 
53. Co-rycaeus limbatus 
54. Co-rycaeus anglicus 
55. Pachos punctatum 

total number of absent species: 25 31 29 40 30 
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Table 4. List of species periodically absent from »Stončica« station 

species: 

1. Neocalanus gracilis 
2. Eucalanus attenuaus 
3. Eucalanus elongatus 
4. Paracalanus nanus 
5. Paracalanus parvus 
6. Calocalanus contractus 
7. Calocalanus styliremis 
8. Clausocalanus pergens 
9. Aetideus armatus 

10. Euchaeta acuta 
11. Euchaeta marina 
12. Euchaeta spinosa 
13. Scolecithrix bradvi 
14. Scolecithricella tenuiserrata 
15. Centropages kroyeri 
16 lsias clavipes 
17. Temora longicornis 
18. Pleuromamma abdominalis 
19. Lucicutia clausi 
20. Lucicuti a ovalis 
21. Heterorhabdus spinifrons 
22. Candacia elongata 
23. Candacia longimana 
24. Candacia bispinosa 
25. Candacia tenuimana 
26. Candacia varicans 
27. Pontella lobiancoi 
28. Labidocera wollastoni 
29. Pontelopsis regalis 
30. Acartia negligens 
31. Microsetella norvegica 
32. Macrosetella gracilis 
33. Euterpina acutifrons 
34. Clytemnestra rostrata 
35. Lubboclcia squillimana 
36. Sapphirina sp. 
37. · Sapphirina metallina 
38. Sapphirina nigromaculata 
29. Sapphirina ovatolanceolata 
40. Sapphirina iris 
41. Copilia guadrata 
42. Coryceaus clausi 
43. Corycaeus limbatus 
44. Corycaeus giesbrechti 
45. Coryceaus ovalis 

total number of absent species: 

yelll': 1970 1971 1972 1973 1974 

24 23 24 16 25 

were established which could produce sigmificant variations of the number 
of species. Temperah1re and salin.ity variations were not so mariked as they 
were in 1963-1965 period and therefore they could not affect the number 
of copepods. On the other hand, o:n the basis of such insignificant variations 
of copEWQd species numbers it oould be said aJmost w,ith certainty and 
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not knowing the hydrographic conditions of the Adriatic in that period, ,that 
in 1963-1965 period and therefore they could not affect the number 
since had they taken place they would have caused more considerable chan­
ges in ihe species composition of copepods. 
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Fig. 4. Variations of the numbers of 
copepod species at the ►►Kaštela 
Bay«, »Pelegrin« and »Stončica« 
stations in the 1970-1974 period 

2.3. Species diversity index 

The diversity index, as a numerical e:iqper,ession of copepod counts in 
the coastal, charunel amd open sea areas of the middle Adriatic was evaluated 
from the data on seasonal and long-term variations of copepod species com­
position. 

The diversity dndex was evaluated from the equation deve[oped hy Ma r­
g a 1 e f (1951) caJcuJ.ation of the g,l,obaJ diversity index : 

S-1 
d=--

lognN 

where S is the rnumber of species, N number of specimens per cubic meter 
and logn natural logarithm of the number of specimens. Calculated indices, 
their seasonal and annual variattcms are given separately for each of the 
stations in Tables 5 and 6. 
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»Kaštela Bay« - As shown by Table 5 the diversity index expressed as 
the relation between the number of species and number of copepods, ranged 
from 1.42 to 4.31 ilil the per,iod od investigations. During the year the highest 

Table 5. Monthly and annual values of speciies diversity index in the study area 
in 1970-1974. 

1970 

1971 

1972 

1973 

►►Kaštela Bay« 
d 

4.31 
2.35 
2.77 
2.37 
2.90 

2.90 
2.29 
3.55 
2.63 
2.52 
3.18 
3.62 2.95 
4.21 
2.74 
2.45 
2.18 
2.39 

2.99 
2.70 
2.55 
2.20 
2.96 
2.50 
4.53 2.87 
4.16 
2.47 
3.45 
2.95 
3.24 
1.97 

3.42 
2.97 
2.46 
2.67 
1.42 
3.36 2.88 
1.68 
2.43 
2.90 
1.95 
2.17 
1.63 

2.20 
1.91 
1.51 
2.59 
2.39 
1.46 2.02 

►►Pelegrin« 

d 

6.35 
6.55 
5.20 
3.74 
6.43 

5.85 
5.43 
4.69 
4.39 
5.52 
4.13 
6.51 
5.19 
6.15 
5.45 
5.44 
4.45 

6.13 
4.17 
2.25 
4.71 
4.95 
5.91 
6.08 
4.49 
5.54 
4.79 
3.83 
4.28 
4.51 

4.29 
3.04 
5.14 
3.85 
4.36 
7.19 
6.54 
5.02 
4.25 
2.65 
3.93 
3.42 

2.86 
4.02 
3.97 
3.36 
4.31 
5.64 

5.40 

5.07 

4.61 

4.16 

►►Stončica« 
d 

8.85 
7.16 
7.19 
8.20 
6.22 

7.16 
7.22 
4.22 
5.21 
5.72 
6.81 
6.60 
6.82 
4.82 
7.29 
6.88 
6.21 

6.33 
7.66 
5.68 
7.56 
5.98 
5.63 
7.00 
5.94 
6.73 
5.91 
6.01 
6.09 
4.27 

6.01 
5.56 
5.13 
5.33 
5.46 
6.60 
6.68 
8.25 
6.95 
5.41 
4.45 
6.67 

5.97 
6.89 
5.10 
6.64 
7.66 
7.29 

6.71 

6.49 

5.75 

6.50 
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1974 

2.48 
1.87 
3.17 
2.18 
2.58 
1.70 

2.91 
2.89 
2.80 
2.64 
3.47 
3.64 2.69 

6.31 
4.88 
5.92 
5.24 
5.52 
3.86 

5.30 
4.19 
4.08 
6.00 
4.70 
4.67 5.06 

7.42 
6.14 
7.57 
4.76 
5.74 
4.35 

4.50 
5.40 
5.72 
6.53 
6.24 
5.34 

57 

5.81 

n vaJues were reoo·rded i:n December and January, that is in w:i!nter, and the 
Iowest va.lues were recorded in summer. Accordingly, maximum and mini­
mum vaJues of diversity index coincided in time wi<th seasona:1 maximurn 
and minimum numbers of species in winter a1nd summer respectively. The 
h i,ghest d1versity index was found in 1970 and the fowest in 1973. 

»Pelegrin« - showed higher species richness than tlw Bay. This is easily 
understandable since considerably higher number of species were identif;ied 
frmn this staticm. Diversity index varied from 2.25 to 6.54. Durilng Lhe year 
the highest d was recorded in wfoter amd from time to time in spring and 
autumn. Annual means were highest in 1970 allld lowest iil1. 1973. 

1-1-Stončica« - Diversity irndex varied within the 4.22-3.35 range and was 
also highest iln wi,nter ,vith the exception for 1971 when it was highest in 
summcr. The highest diversity index was calculated for 1970 and the lowet 
for 1972. 

Table 6. Seasonal and long-term variations of species diversity index in the study 
area in 1970-1&74 

stations: ►►Kaštela Bay« ,..Pelegrin« >>Stončica« 

parameters : 
d 2.682 4.86 G.252 

max 1970 1970 1970 
rru.n 1973 1973 1972 

seasonal winter, spring 
maXimum winter, sp1ing autumn w inte1·, spr ing 
seasona1 

minimum sum.mer, autumn spring, summer summer 

! 
•! 

As shown by Table 6 species diversity index increases if one proceeds from 
the coas'L offshore. This was established also by some preliminary studies 
(Regner, D., 1976a) carri-ed out in the same area. These data are, however, 
first long-term data on copepod species diversity index in the Adriatic. They 
may provide siginificant basis for all future copepod investigations and parti­
cu1ady for the studies of pollutiorn effects on the strucbure of this group. 

The highest species diversity index was recorded for all the stations in 
winter (only periodicaihl.y in other season:s) and fowest in summer. 
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Over ·the five year period maxi.llnum d va[ues were reoorded from aJJ. the 
stations in 1970 and minimum im 1972 and 1973. 

3. Variations of the total n11mber of copepods as affected by some abiotic 
environmental jactors (tem7Jerature, salinity, seawater density) 

3.1. Seascmal variations of the number of copepods 

Copepod counts also varied throughout the period of our study like did 
the total number of species and speaies compositicm. 

The highest total number of copepods was recorded from the Kaštela 
Bay station. This number was considerably lower at Pelegrin and still lower 
at Stončica (Table 7). 

Table 7. Tota!l number of i,ndiividuals (10.5 m 3) ait the study airea sta,tions in 1970-
1974 

►►Kaštela Bay« 
►► Pelegrin« 
►►Stončica« 

133.070 individuals 
82.941 individuals 
54.415 individuals 

This decrease of the number of individuals in an offshore directioin was 
recorded from the same and similar areas earlier as well (Gamu 1 i n, 1939, 
1948; Vuče ti ć, 1957, 1958, 1960, 1961a, b, 1965, 1966a, 1969; H ure and 
S coto di Car 1 o, 1969b, 1977, 1979; R e g ne r, D., 1970, 1973, 1974, 1976; 
Buljan, Hure and Puche ,r- •Petković, 1973; Vuka:nić, 1971, 
1975). However, ,these data for the first time co<Ver ionger time a-nd wider 
coastal area. 

Therefore, we shall observe here the variations of the lllumber of cope-• 
pods druring the year iJn as more detail as possible that i.Js taking into 
.account temperature, salinity aind sea water density variations in the same 
area and at the same time (B u l j a n, unpublished data). 

»Kaštela Bay« - ev,en though this area was studied in detail the results 
on the qualitative and quaintitative composition of copepods were based either 
on a year observations (Gamu li n, 1939; R e g ne r, D., 1973) or OIIl the 
ten year series not takiing into account relevant hydrographic parameters 
{R e g ne r, D., 1970; Vuče t i ć and R e g ne r, D., 1973). Figure 5. 
depitcs the variations of the number of copepods in the 1970-1974 pe­
riod, the variations of tempe,rature mean values for 0-10 m layer and 
salinity mean vailrues for 0-10 m layer and Fi.g. 6 the variations in ,the num­
ber of copepods and variations of sea water density. 

Ln 1970 annua[ minimum number of copepods occurred in January 
at low temperature (12.33°C) and salinity (35.27%0). To orur regret we 
have not available the data for March amd April of this year even though 
graphical representation shows that the number of copepods was increased 
in spring. In summer, that is from July Olll, temperature i:ncreased and 
reached maximum in September. Salinity increase almost coincided with the 
sea water heating even. though it imcreased up to the year end that is reached 
maximum iln December. Sea water density was lowest in summer (from July 
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Flig. 5. Variat.ion of the number of copeppds, temperature and salinity at the 
•►Kaštela Bay« station in 1970-1974 

to September). The number of copepods started to increase in August, in 
September reached its secondary annual maximum coilnciding vith tempera­
ture maximum. Even though copepod number was constantly high as far as 
December, it reached third peaik in November (at maximum salinity values). 

Three copepod number peaiks were recorded iJn 1971 as well. The first one 
ocourred aJso in spring - in Apr,il, .seoond in summer - July and third an:i 
highest in autumn - October. With the exception of spring maximum which 
was recorded at 15°C temperature both summer and autumn maxima were 
recorded at highest annual values of temperature am.d salimity which occurred 
in March-October. Sea water density was also lowest in summer (in May­
August). 

In 1972 the number of copepods was low in January and then suddenly 
increased and reached first annual maximum in February following sudden 
salinity increase. rt decreased with the gradual ilncrease of temperature and 
salinity and then again increased to reach its second maximum in July, 
decreased once again and increased to reach third maximum in November. 
After that together with significant drop of temperature am.d reduction of 
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Fig. 6. Variaitions of the number of copepods and sea water density at the »-Kaštela 
Bay« s-tation in 1970;-1974 

salinity it decreased to the lowest value recorded this year. Sea water dens,i.ty 
was highest in February aind lowest in summer. 

Results of long-term researches of seasonal vai,~atio:ns in the number of 
copeipods differ frOllll the eadier results for the Kaštela Bay, since 
Gamu •lin (1939), Re g ner, D. (1970, 1973) aind Vuče ti ć and R e g­
n e r, D. (1973), reported two armual maxima of the number of copepods -­
in spring and summer. These most recent five-year data (1970-1974) showed 
the occurrenoe of thlrd aninual maximum .itn autumn which was highest 
from time to time. 

It may be :of interest to mention that sinl(i.lar occurrence of a larger 
number of maxima has recently been established in the phytoplankton of 
the Kaštela Bay (P u ch e r - Pet kov i ć, 1975). This would be separately 
observed later. 

►,Pelegriln.« - It has already been pointed out that this station is affected 
both by the coastal and open sea waters. Therefore the relationship between 
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the number o.f copepods and environmental factors could not be so clearl:,· 
m a, ked a 5 in the Bay. 

1n 1970 the lnumber of copepodE showed very high spring maximum in 
Apri'l, sudden decrease -therefrom up to June and aamost U!Ilidenti;fiable 
increases im July and November. Temperature was constantly increasing from 
Iv1arch to August and then suddenly dr,opped amd continued to decr.ease up 
to the year end. Salinity variations showed two peaks, cme in February a1I1d 
other higher iin October. Sea water density was also lowest in summer, from 
June to October (Fiigs. 7 and 8). 
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Fi.g. 7. Va:riialtions of the number of copepods, temperature, and saliniJty at ►►Pelegdn« 
station in 1970-1974 

ln 1971 two copepod number peaks, one in spring and other higher im 
autumn, were estaiblliched at high saJinity aind temperature values. 

In 1972 the 111umber of copepods was generally low with three maxima : 
in March, June and September. 'femperatures .were very high and at the 
time of ann:ua! maximum in Auigust they ex-ceeded 2-4°C. The lowest salinity 
was reco~ded in March, a.nd salinity vaJues were very little changed in AprH­
December. Sea water density was ilowest in June and Juily. 
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F.ig. 8. Variations of the number of copepods and sea water density at »-Pelegr'i.n,• 
station in 1970-1974 

In 1973 m11Il1mum number of copepods was recorded in spriing, as early 
as March, and temperature was fairly low at that time. With temperature 
and sa!lin.ity increase the rnumber of copepods increased graduaUy to ' reach 
autumn maximum in July at highest ainnual temperature and rather high 
salinity. Number of copepods afterwards decreased and reached the h ighest 
peak in September at rather high temperature and salinity. This maximum 
was preceded by low density which in this year, as well, was low est in 
s,umrner. The third copepod ma:idmum was .recorded in October. 

The year 1974 differs from other years with respect to oopepod 
number . Wirnter minimum was recorded in February. Sudden increase and 
spring maximum were recorded in April at relatively low temperature 
(13.55°C) amd salinity (35.84%0). Seawater temperature was rather high all 
over the yeaJr as wel!l as saiJ.i.lnity while density was lowest in June-October­
Summer maximum number of copepods was shifted to September and auturnn 
maximum occurrecl in October. 

Since all the given data as well as graphs show that the variations of 
copepod density duri;ng the year is dependent on the variations of tempera­
ture, salinity anid sea waJter .g.enswty thLs dependence was statistically anailyzed 
and expressed. Therefore correlation coeffio~ents were calculated and the 
r was highest for the correlation betweein the number of copepods and tem­
perature, r = 0.413 and p < 0.01 that is significant for m or e than 990/o_ 
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Positiv€ correlation was established between the number of copepods a,nd 
salinity with the correlatiOIIl coefficiemt r = 0.312 significant for p < 0.05 
that is for more than 950/o. Poor negative covrelation between the number 
of copepods and sea water density was foUlild and the correlation coefficient 
vaJ.ue was n-ot s~gnifJ,cant, r = - 0.139. 

In 1.973 the IIlumber of copepods varied considerably. As many as four 
peaks were recorded: ilil January, April, June and October. Temperature "i.vas 
higher during summer and salinity ilil spring amd autumn. Density was low 
throughout summer, in Jun.e-October. 

In 1974 four peaks were recorded like in the preced~ng year. However 
they occurred in March, June, September and November . Tempera-mre was 
highest in June-September, salinity increased in wilnter mon ths and in Apri.i 
and September. Sea water density was lowest in June-October. 

The oibtained results of the number of cop~pod,s di<l not show any 
reguw pattern of annuail. variations. However, it is evident tha,t fi:rst annual 
peak occurred mainly , in spning and second in autumn. From 1972 to 1974 
summer maxima were also recorded thus that the variations in number were 
stili higher. 
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Fi,g. 10. Vaniations of the number of copepods arrd sea-wart:er dens:Lty at »Stončica-« 
station in 1970-1974 

Even though correlation coefficient value was not significant, the num­
ber of copepods and temperature showed poor positive correlation. However , 
the number of copepods and salinity showed poor negative correlation as 
well as the number of copepodes and sea water density. 

1 »Stončica« Data 0:11 ,the oopepod qua.YJ.tities at this stati0il1 are given ,in 

fig,s . 9 and 10. 
In 1970 ,vinter maximum was recorded as early as January at low sea 

water i1eII11Perature and i'elatively htgh saJinity. The num:ber of oopepods 
su,dde1rly decreased i111 F,ebruary and then gra.dually increased up to June 
parallel to sea water heatirng a[ld slight salinity decrease. Summer maxi.mum 
was recorded in Ju:ne and the number of copepods dropped once again after­
·wards. Aut umn maximum recorded in September coincided with rather high 
t-emperature a:nd sallililtty va:lues. It decreased constant-ly towards the year 
end. Seawaiter density was >lowest in June.:September. 

In 1971 the number of copepods was rather low if comparcd to other 
years. However, three peaks were olearly ma,rked: in A1prH, Jwy a111d Octo:ber. 
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Tempei.•ature was highest in June-August and salihity and density lowest 
values almost coincided in time. 

In 1972 the variations of oopepod numbers were very marked and four 
maxima were recorded: in March, June, August and November. Temperature 
was highest i,n Ju,ne-September at lowest sea water density. Salinity was 
high all year round. 

In 1973 the first increase in copepod number was recorded in January 
but it was almost insignificant if compared to the spring maximum in April 
and particularly to the autumn maximum in September. Sea water tempe­
rature was highest in JUJne-October and salinity exceeded 38%0 all year round 
except in May. Seawater density was lowest in July-October. 

In 1974 the number of copepods varied considerably and four peaks were 
recorded: in February, April, June and October. Temperature was highest in 
June-September ooiindding with the lowest density. Salinity was much :lower 
than preceding yea,r with ordinary decrea,se in summer. 

The occurrence of a larger number of pea_ks during the year was recor­
ded from this station, as well. Positive correlation was established with tem-
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Fig. _ 11. Variations of the number of copepods at the »Kašteia Bay«, • »Pelegdn« and 
»Stončica« s.tations in 1970-1974 
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perature (r = 0.346) and negative with sail.inity (r = - 0.189) and seawater 
density (r = - 0.334). 

The observations of available data indicate similar annual variatio:ns oi 
copepods at all three stations in the middle Adriatic (Fig. 11). Larger number 
of annual peaks were established. They occurred in sprLng, summ er and 
autumn. This is :Particularly applicable to the 1972-1974 ·period. Simce our 
observations were the first [ong-term observation.s of mid-Adriatic oopepods 
in the channel and open sea areas they could not be compared with earlier 
data. However, the data from the coastal area were compared to the data 
collected from the Kaštela Bay in 1960-1969 (R e g ne r, D., 1970). This com­
parisan shows that certain changes have recently occurred. The occurrence 
of a larger number of peaks tlu.ring the year (three or even four) at :-,Pele­
grin« and »-Stončica« may be assumed to be ordinary for those stations. 
However, ,it is more prnbable that due to the increased eutrophication in the 
coastal area and therefore increased quaintities of nutr,ients and consequntly 
of the numbers of phytoplankton available to cop,epods all year round, cape­
pod annual density has increased. 

However, it is pretty difficult to say, for the time being, to what externt 
the increase of the number of copepods is dependent 0 11 the changes of 
enviro.nmental factors and to what extent due to the natural fluctuatiOč, s in 
density of individual species. Namel.y, similar changes were established in 
the production of phytoplankton and total zooplrunkto1n. (P u c h e r - P e t k o­
vi ć, 1975; Vuče ti ć, 1977) and the variations in copepod counts may be, 
in the first place, due to the variations of phytoplankton as their principal 
food. 

3.2. Long-term variations of copepod counts 

In addition to seasonal variations of copepod numbers our studies also 
included the observations of the total :number of specimens by individual 
years ail1d their eventual dependence on temperature and salinity. 

Thus at the »Kaštela Bay« station copepod number increase coincicled 
with the slight temperature and salinity increase (Table 8) in 1971. In 1972 
the total number of copepods and salinity were somewhat lower than in the 
preceding year while temperature was slightly higher. In 1973 th~ number 
of copepods increased with the increase of salinity. Finally, in J.974 the 
number of copepods ccmtill:med to increase while temperature and salii.nity 
decreased. 

Differences in numbers between individual years were not so iarge as one 
mi_ght expect for the coastal area. Earlier ~nvestigations im this area iln 
J.960--1969 (R e g ne r, D., 1970; Vuče ti ć a;nd R e g ne r, D., 1973) showed 
the ditferences which were more marked than these ones. They, 11owever, 
were probably the result of the changes of hydrographic properties of the 
Adriatic waters whlch affected the total o.rganic production. 

In 1970-1974 no such marked changes of hydrographic properites were 
reoorded and ino reguJa,r pattern o.f oopepod oounts inorease ()()u/ld be esta­
blished. 

Total phytoplankton counts were alternatively increased and decreased, 
as welJ. However, the rdifferences in phytoplankton n1.l'IIlber between years • 
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,vere consi.derably higher. Marked m1tmmum of the total number o.f phyto­
pla:nkto.n _organi.sms was recorded in 1973 (P u ch e r - Pet kov i ć, unpubli-­
sI1<ecl data) at the time of increase of the total number of copepods. 

Table 8. AnnuaJ temperature and sa1inity means and the total number of copcpods 
at .the a) ►►Kaštela Bay« b) »Peleg,ri.n« and c) ►►Stončica« stations 

total number 
Year T°C Sal %o ofcopepods 

1970 16.53 35.74 24260 
1971 16.55 36.34 26770 
1972 16.80 36.08 25980 
l!J73 16.39 36.13 27895 
1974 16.35 36.09 28165 

a) 

total number 
Year T°C Sal %o ofcopepods 

1970 17.20 37.35 18660 
1971 17.14 37.97 11502 
1972 17.45 37.83 14719 
1973 17.47 38.09 20143 
1974 17.52 37.78 17817 

b) 

total number 
Year T°C Sal %o of copepods 

1970 l'l .78 38.18 12052 
1971 18.17 38.12 7437 
1972 17.87 38.11 9856 
1973 18.12 38.26 12164 
1974 17.73 37.96 1290(3 

C) 

At »Peiegrin« station the total copepod counts decreased in 1971 w·hile 
tempernl.ure decreased and salknity incrcased. In 1972 the number of copepods 
was somewhat higher as well as temperature whi1e sal.irrlity was dcereased. 
In 1973 the number of copepods increased as well as temperature and sa!ini.ty 
while in 1974 the 21.umber of copepods and salinity decreasecl and tempera­
ture incn:ased. Rhythm of fluctuations of total counts is similar to that in 
the Bay. However, the differences between years were considerably higher 
and iincreases in number occurred much earlier than iin the !Bay. 

The variations of the 11umber of phytoplankton organisms were similar 
with alternative increases a<nd decreases (P u ch e r - Pet .kov i ć, unpublished 
data) . Here also higher number of copepods was reoorided at 1ow phytoplank­
ton counts, and vice versa. 

At "Stončica,, station the variations of copepod counts differ from those 
in the coastal and channel areas. In 1971 the total copepod cornnts decreased 
and afterwards showed slight continuous increase up to 1974 irrespective of 
the alternative increases and decreases of temperature aind salinity. Differen­
ces in the m,unber of individuals between years were lower than at ►-Pele­
grin« but higher than i1n the Bay. 
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The nwnber of phytoplankton organisms showed simiJar behaviour, thar 
i.s, it oonstant,ly increased from 1970 to 1974 (P u ch e r - Pet 1k ovi ć, unpu­
blished data) . 

As shown. by the data of the five year period, that is from 1970 to 
1974, no. sign.ificant chainges of the properties of the Adriahc water under the 
imfluence of increased activity of the Mediiterranean, liike in 1962-1964 period 
(B u I j a n, unpublished data) were recorded in the coastal area of the middle 
Adriatic. Since these changes (if they had occurred) would have affected 
long-term increase of copepod numbers the variations of copepod numbers 
recorded were nat significant, either. On the contrary copepod counts both. 
in the Kaštela Bay and at Pelegrin showed slight alternative imcreases and. 
decreases. Any change occurred first at Pelegrin aind a year 1later in the Bay. 

30000 

25000 

20000 

l~ 000 

10 000 

5000 
• - - Kdtclc Bay 

- --- - -- f·' el cgri n 
- · - · - Sl')n[ico 

1970. 1:; 71, lSJ~. l J '.'3. 1971, , 

F,ig. 12. Year-to-year var.ia<tions of copepod 
number. at the . >+:K:aštela Bay«, 
►►Pelegrin◄< and ►►Stončica« stations 
in 1970-1974 • 

At ,,Stončica◄◄ which is most exposed to · the opein sea influence slight 
tendency of increase of the total copepod counts was recorded in 1972-1974. 
This increase, however, was almost i:nsignificant if compared to that in 1970. 
It might be said that the year-to-year differences in numbers which were 
more marked here than ilil the Bay are due to the periodical higher decreases 
im number rather than to acctually considerable ilncrease in number. Annual 
mean copepod counts at studied statioos in the 1970-1974 period given in 
Fig. 12 show everyth.ing d.iscussed here. 
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4. Varia.tions of the percentage proportions of copepods in the total 
zooplankton 
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Quantities and trophic value of copepods ,in the total zooplamkton has 
already been pointed out in this paper. Percentage proportion of copepods 
in the total zooplankton was attempted to be calculated from the da:ta on 
their seasonal and long term variations in number as well as from the varia­
tions of the total number of zooplankton orga.rnisms in the study area 
(V u č e t i ć, unpublished data) (Table 9) . l!n add,ition, seas~al aind long t erm 
variations of the proportion of copepods w ere observed in the 1970-1974 
period and their extent established. 

Table 9. Percen,tage propoirbion of copepods ii.n the total zooplanlt:ton at stati.ons : 
a) »Kaštela Bay«, b) »Peleg;Iii:n« and c) ►►Stončica« 

1970 

1971 

1972 

I 
II 
III 
IV 
V 

VI 
VII 
VIII 
IX 
X 
XI 
XII 
I 
II 
III 
IV 
V 

VI 
VII 
VIII 
IX 
X 
XI 
XII 
I 
II 
III 
IV 
V 

VI 
VII 
VIII 
IX 
X 
XI 
XII 
I 
II 

»Kaštela Bay« 
O/a 

99.43 

42 .72 

27.13 · 
25.61 
27.66 
18.92 

. 45.79 
• 38.62 

51.23 
41.67 
35.47 
74.30 
47.73 
36.24 

30.12 

19.24 

64.75 
37.30 
37.93 

27.71 

>> Pelegrin« »Stončica« 

0/r,. O/o 

53.50 
32.55 16.01 
54.80 24.51 
51.02 46.35 
55.88 38.08 

30.07 61.72 
37.87 43.31 
33.82 39.27 
33.65 45.28 
36.78 44.46 . 
36.73 33.80 
31.16 46.36 
68.15 
41.93 92.00 
35.58 70.46 
48.45 49.19 
77.66 69.55 

23.74 37.03 
34.98 38.83 

93.63 
84.36 

44.41 68.90 
21.64 42.02 
67.18 58.81 
28.01 29.40 
25.69 33.33 
31.97 24.25 
17.45 13.04 
19.36 30.33 

21.47 56.88 
31.40 18.95 

7.75 17.04 
24.28 33.12 
25.28 26 .59 
19.19 30.55 
23.13 47,;16 
75.65 29.68 
34.56 31 .34 
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III 27.76 35.61 24.22 
IV 38.85 43.16 32.97 
V 26.89 20.34 28.64 

1973 VI 18.72 56.47 9.11 
VII 26.8:~ 47.11 38.28 
VIII ,15_35 36.43 42.90 
IX 43.21 23.43 38.27 
X 35.07 47.22 42.28 
XI 65.04 31.98 30.15 
XII 51.26 :34 .00 38.68 
I 63.30 :39.22 :fa47 
II 44.GG 20.74 32.18 
III 29.89 40.47 16.06 
IV 33.65 26.64 33.54 
V 33.24 22.43 27.45 

19H VI 30.69 28.74 48.60 
VII :l4.84 19.76 25.16 
VIII 4.5.25 55.21 25.94 
IX !i3.91 44.35 40.39 
X 38.78 30.10 44.42 
XI 44.95 41.22 31.55 
XII 41.4(] 28.60 25.42 

a b C 

In foe Kaštela Bay copepods contributed from lfl.72 to 99A30/o in the 
to tal zooplnnkton v.r:it.h the highest values in November, Janua:·y and March. 
Their percentage proportion also varied foom one year to another. Maximum 
numbers of copep,od.s in relation to other zooplan:kton ooganisms wais recorded 
in 1. 97 11. 

Aftcr s~nne earlier data by Vuč e ti ć (1970a) pe rcentage proportio:n of 
co::_)cpod:c:- va ried from 50 to 800/o at this s tation i.vhereas as show n by our 
data it is somewhcre about 40°h. However, the more recent papers of V u č e­
t i ć show, as well, Jower 1per.centage proportion JJf eopepods that is more 
simi:lax to the one we found. It ts ,pre1Jty d i,fficult to say, for the time 
being, whether this is due to some environ.mentall factor chainges o-r to the 
natura:! :6luctuation in the density of ·zooplankton •groups. Namely, copepod 
values have not essentially changed but the relationships beh veen individual 
gToups h ar, c.hanged. However, tlfr, is not subject o-f this paper. 

A.t --Pelegrin« station percentage proportion oi copepods was sornewhat 
Lov11eI· than in the Bay and showed mo1nthly variations of 7.75 to 77.660/o. 
As d isti nct from the Bay, maxim.um copepod percentages wcre recorded in 
spl'i.Jl g--s t,m mer (except in 1973), that is som€what later than iin the Bay. 

Percentage proportion of copepods varied significantly fr01n one year to 
another. They were bcst represented in 1973 t hat is a year earlier tha:n in 
the Bay. 

At »Stončica« station copepods constitruted frnm 9.11 to 920/o of the total 
zooplankto:1. They were most abundar.,t in surnmer, in June and Augc,st, t l:-mt 
is f:,omew hat lc1ter than at »Pelegrin«. 

i\.nnual variations ,vere greatest at this static.:i a!..rld maximu.m numbcr· 
Df co;w,pods was recorded in 1971. 
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With respect to the significance of copepod quantities in the total 
zooplankton the number of copepods and the total number of zooplankton 
organisms 'Nere statistically compared for all three stations. 

Thus, positive correlabion was established for the Kaštela Bay with the 
correlation coefficient r = 0.673 significant for p < 0.001 which proved their 
interdependence. The total number of copepods y is conditioned by the num­
ber of copepods after the following equation : 

y = 1374.04 + 2.05568 X 

On the basis of this equation the number of copepods could be establ~shed 
if the total 111.umber of zooplainkton organisms is known, amd vice versa. 

Cod ficent of correlation was rather high for the »Pelegrin« station, as 
w ell, r = 0.464, a:nd the equation of the interdepende11ce of copepods and 
zooplank ton is a::; follows: 

y = 20257.78 + 1.51 X 

At ,►Stončica« correlation coeificient was r = 0.518 expressed by the 
:follow mg equation: 

y = 1174.99 + 1.624 X 

As shown. by the obtained results percentage proportion of copepods was 
highest at the »Kaštela Bay« station and lowest at »Stončica«, even though 
numerical values do not differ much. Copepods are best represented in the 
ooasta:l area in the colder par.t of the year (November, Janua,ry, Mairch), in 
the channel area in spri,ng-summer (March, May, August) and in the open 
sea in summer (.June and August). After the long-term data percentage pro­
portion of copepods in the Bay 1seems to have been slightly reduced (V u č e­
t i ć, 197"1) what should be examined in the course of some future researches. 
The extent of monthly and annual differences between minimum and maxi­
mwn i:,e::rcentage proportions of copepods in the total zooplankton was sepa­
rateiy obser ved (Table 10). It w as found that the lowest annual differences 
were gradually increased im. an offshore clirection (Table 11). 

Table 10. Monthly differences between the highest and lowest percentage proportions 
of copepods in the total zooplankton of the study area 

station max min difference 
·----

»Kaštela Bay« 99.43¼ 18.71% 80. 71 O/o 
►► Pelegr.in,. 77.660/o 7.750/o 69.910/o 
►>-Stončica« 92.000/o 9.11 O/o 82.890/ci 

Table 11 . Annual differences between the highest and Iowest percentage p-roportions 
of copepods in the total zooplankton of the study a.rea 

station 

»Kaštela Bay« 
►►Pelegrin« 

»Stončica« 

max 

40.60¼ 
48 .950/o 
58.50¼ 

min 

30.040/o 
20.640/o 
20 .81 O/o 

difference 

10.5 60/o 
28.30% 
37.690/o 
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5. Q·uantitatively d9minant copepod species in the study area 

The observations of the total 111umbers of copepods showed that only a 
small number of speaies affect these numbers by their high percentage pre­
sence. v·ariations in the number of domililant species and the total n.umber 
of" ciopepods are given SEU)arately for each of t he stations of Fi;gs. 13, l4 and 
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Fiig. 13. Vatl'lia,bi.ons -in the nuanber of iindividuals of domtnan,t species and total 
number of copepods at the »Kaštela Bay« station in 1970-1974 

15 which clearly show the significance of dominant copepods among other 
species. Percentage presence of dominant copepods is given in Fig. 16. Other 
data wi11 be given s~arately for each of the statio:ns. 

»Kaštela Bay« ~ Ctenocalanus vanus, Centropages typicus, Centro­
pages kroyeri, Temora stilifera and Acartia clausi (Ftg. 16), numerical repre­
sented the most important species of the zooplainkton of this near-shore sta­
tion of the middle Adraiatic. These five species constituted 76.290/o that is 
more than 2/3 of the total number of copepods. This clearly ~ndicates their 
significance in relation to some fifty other species. Acartia clausi was best 
represented contributing 22.830/o of the total counts , followed by Cent ropages 
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Fig. 14. Var'iartions in the number of individuals of dominant species and total 
number of copepods at the ►►Pelegrin-« station in 1970-1974 

N 
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--""'!'- dominant species 

2000 

1 000 

1970. 1971. 1972. 1973 . 197t. . 

Fig. 15. Variations in the number of individuals of dominant species and total 
number of copepods a,t the ►►tSončica« station in 1970-197-1 
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KAŠTELA BAY 

ma Mecynocera clausi OJIIl] 
~ Clausocaianus jcbei mts 
[ ···□ 

Clausocalanl{S .'urcatus EJ -

D . Hegner 
Copepod dynamics 1n the Adriatic Sea 

Acta Adriat., 26 (2) : 11-99 (1985) 

PELEGRIN STONČICA 

Ctenocalanus vonus ~ • Tcmora stylifera 

Cenlropages typicus ~ Acorria clausi 

Cen/ropages kroyeri CJ other copepods 

Fig. 16. Percentage proportion of dominant copepods in relation to other copepods 
at the »Kaštela Bay«, >►Pelegrin« and >►Stončica« stations 

typicus '-.vith 16.240/o, Centropages kroyeri with 15.070/o, Temora stylifera. with 
12.790/o and Ctenocalanus vanus vith 9.350/o. This percentage pre:,ence of 
dominant co,pepods rvar,ied during the year. However, no regular pattern 
of maximum and mirnimum number occurrences could he established. Na­
mely, both m ini,mum a:nd maximum values were recorded in spring and 
sumer a.s shown in Table 12. 

Annual va:riations in the percentages of dominant copepod:s we,re relatively 
ver·y srnal.1. rang i:ng from 70.91 to 78.780/o of the total number of copcpods in 
the 19'i0--Hl74 preiod (Table 12). 

Observations of the numbers and percentage presence of each of these 
species showed some alterna_tions during the year. 

A.cartia clausi was most numerous in winter-spring, Ctenocalanus vanus 
in spri.ng-summer, Centropages typicus in summer-autumn and Cen~ropage.., 
kriiyeri, and Temom stylifera im. autumn. 

This seasonal alternative occurrence of domina1nt copepod species has 
rulready been observed iin the Kaštefa Bay (R e g ne r, D., 1970; Vuče­
t i ć anci R e g :ne r, 1973). Therefore we tried to relate thi.s high numbers 
to the osciUations of some environmental factors. Thus the number of indi­
vid uaL of fkartia claiisi which is predominant during the coldest part of 
the y2ar shovved negative signi:ficant correlation with temp~rature (r = -
0.353) as weil as negative sign,ificant correlation with sahnity (r == - 0.357). 
This s tatist.ica,Uy tested 1ong-term 'behaviour of one of the most frequent 
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Table 12. Percenbge presence of dominant copepods among other copepods at the 
►►Kaštela Bay« station in 1970-1974 

Year: 

1970 

Hm 

H/72 

64.5 
85.8 

6\).7 
65.1 

74.8 
63.6 
81.5 
71.3 
59.2 
67.8 
36.2 
69.4 
91.2 
93.4 
78.8 

65.'l 
84.2 
62.0 
78.0 
91.4 
72.3 
33.0 
54.3 
86.0 
92.4 
72.6 
81.6 

71 .5 
75.4 
70.0 
80.2 
85.1 
72.6 
f,(l, 9 

70.910/o 

78.780/o 

76.830/o 

Year : 

1Đ73 

1974 

O/o 

82.2 
74.2 
49 .7 
77.7 
61.6 
'l6.4 

80.1 
71.7 
81.7 
66.2 
77.9 
93.6 
78 .0 
86.9 
78.8 
83.1 
64.9 

85.6 
83.3 
72.4 
89.8 
52.0 
74,8 
67.3 

70.30¾ 

78.480/o 

and best represented nerit i.c speo.ies proves its preference for lower sea tem­
peratures and sali:nity. This is importaint for experimontal work in which thc 
knowledge of optimum cimmstances for iITdividuail !Species is indi.s;pensab~e. 

It r;J1ould be po,i.nted out that the i:nfluence of the,,e factors is cornbinecl 
w1th other environmental factors influence that ic: ernt their combined in­
fluence creates the optimum circum stances for individua! species. Statistical 
approach to optimum values of each individual factor is to a certa.in cxtent 
of importance :;ince owing to a larger , 11.unber of data it may better show 
tlw.r effects on individua! species. 

Ovcr five years of our investigations the temperature of the upper layers 
in th , • Kaštela Ba y variecl from 11.14 to 23.47"C. Maxi.mum numbcr of 
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Aca1'tia clausi individuals occurred at 11.79-15.63°C while minimum w.as 
recorded at 18.79°C. Salinity rainged from 34.03 to 37.88%0, the highest 1r1um­
bers were found at 35.170/oo and lowe.st numbers at 37.410/oo. 

Ctenocalanus vanus was predominant duriing spring-summer. It alsc 
showed negative correlaticm with temperature (r = - 0.018) and salanity 
(r = -- 0.141). Even though these values are rnot significant the highest. 
number of individuals was recorded at 13.55°C and the lowest at 16.07°C. 
Maximum numbers were recorded at 35.840/oo Sal and minimum at 37.630/ođ. 
Accordingly, this species shows preference for lower salinities and tempera­
tures. 

Centropages typicus was predominant in summer-autumn. Correlation 
between the numbers od: this species and temperature was i!)Ositive a!Ild 
a:ltho1.11gh correlation coefficient value was not signifkanrt, maximum IlUIIIliber of 
individuals was recorded at 16.07-18.18°C range and minimum at 12.08°C. 

Positive correlation to salinity was established with the significant value 
1· = 0.260. The highes t rnumbers were recorded at very high values 37.63-
-37.86%0 and the lowest at 35.12%0. This indicates that higher temperature~. 
and rather high salinities are favourable for this species. 

Centropages kroyeri and Temora stylifera dominated in autumn. Both 
showed positive sigrnificant correlation to both temperature and salinity. This 
was to be expected with respect to the time of their ma:x;imum numbers. 
Both f.actors showed highest valrues .iin the Kaštela Bay. Thus the value of the 
coef.ficient of correlation between Centropages kroyeri and temperature 
r = 0.320. The highest rnumber of i:ndiv1iduals was recorded at 21.20'° C ancl 
the fowest at 11.32 to 12.08°C range. Coefficient of oorreilation with saililili.ty 
r = 0.294. Maximum numbers occurred at 36.48-37.86%0 Sal. 

Temora stylifera showed the highest oorr~lation coeff.icients bo.th wi,th 
temperature (r %o 0.583) and saJ.inity (r = 0.453). Maxi.mum number of liindi­
viduals was reoo•rded at 22.4°C temperature and 37.41%0 Sal, whiile mirnimum 
numbers were ,recorded at 16.03°-C and 35.12%0 SaJ. Thiis species favours high 
temperatures and sa!lin.ities. 

This numerically dominarnt Kaštela Bay species are neritic species and 
most frequently belong to the near-shore species common along the eastern 
Adriatic ooast (R e g ne r, D., 1978). Therefore ,the effects of temperature 
aind sailintty on .their numlbers were studied in detail in this paper. 
Obtained results may be of use for making experimental ccmditicms as close 
to the natu.ral ones as possible. 

Ctenocalanus vanus, Centropages typicus, Temora stylif era aind Clausoca­
lanus jobei were predominant at »Pelegrin.« station in the channel area of 
the middle Adriatic (Fig. 10). These four speqies contributed 50.650/o of the 
total copepods. Even though their percentage is lower tham. that in the Ka­
~tela Bay it should be taken into account that they are actually better 
represented here than in the Bay since the number of species recorded from 
this station was almost twice that im the Bay. 

Centropages typicus occurred in greatest numbers making up 35.210/o 
o.f the total m1m:ber of idominant oopepods, followed by Ctenocalanus vanus 
with 30.380/o, Temora stylifera with 21.660/o aind Clausocalanus jobei with 
12. 75°/o. It was lclllso observed that dominanit species occu,rred in g:reartest num-
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bers in summer and in lowest numbers in winter. Percentage proportion of 
this species in the tota[ number of copepods vaded constderably over the 
five-year period (Table 13) as distinct from the Kaštela Bay. Highest percen­
tage was recorded in 1973 (55.50/o) and lowest iJil 1974 (45.50/o). 

Ctenocalanus vanus was predominaint in spring, Centropages typicus i.:11 
spring--summer, Clausocalanus jobei and Temora stylifera in summer-autumn. 

Since the effect.s of temperature and salinity on the mentioned species 
were exami1ned the same was applied to the species Clausocalanus 1obei, as 
weli. Hcwever, this species was very unevenly distributed and the correlation 
coefficieint was stgnificant neither for temperature nor for sailinity. 

Toial percentages of dominaint copepods were highest at this stat.ion iin 
spring and lowest in winter. 

Mecynocera clausi, Clausocalanus jobei, Clausocalanus furcatus, Ctenoca­
lanus · va.nus, Centropages typicus and Temora stylifera were predominnat at 
»Stončica« station. They accounted for 42.050/o of the total :n.umber of cope­
pods (Fig. 16). 

Ctenocalanus vanus was best represented with 140/o of the total number 
of copepods, followed by Temora stylifera with 7.420/o, Centropages typicus 
with 7.050/o, Clausocalanus jobei with 5.890/o, Clausocalanus furcatus with 
4.090/o and Mecynocera clausi with 3.50/o (F1g. 19) Variations of their percen­
tages during the year shows that they are best represented in sprilng-summer 
period and most poorly iJn spring (with the exception of years with maxima 
in summer) (Table 14). 

Their percentage preseince was lowest in 1971 and highest in 1972. 

Ctenocalanus vanus dominanted in winter--spring, Clausocalanus jobei in 
s,prilng-summer, Clausocalanus furcatus, Centropages typicus and Temora sty­
lifera in summer-autumn and Mecynocera clausi in autumn. 

EHects of temperature aind salinity on species Clausocalanus :,'urcatus 
a.nd Mecynocera clausi were examined Siince these species did not occur 
among the dominant species at other two statioos. Both species showed posi­
tive correlation to temperature with not si,gnificant correlation coefficient 
r for the species Mecynocera clausi and very significant correlation coeffi­
cient r = 0.423 for Clausocalanus furcatus. Highest :number of individuals of 
this species was recorded at 19.13-21.69°C range. 

Neither of these species showed significant coefficeint of correlation with 
salinity even though r values were positive. 

Results of our study of quantitatively dominant species in the Kaštela 
Bay, channel area and open sea showed the following: 

Of the 98 copepod species determined durilng the time of our study eight 
are responsible for the variations in their total numbers . . Percentages of these 
domi:nant species decrease in an offshore direction. However, it should be 
taken into account that the total nmnber of species is almost doubled in the 
same direction. Almost all the species recorded from the study area stations 
are nerit.ic and, as already pointed out, occurred ali along the eastern coast 
of the Adriatic. The dominaince of Mecynocera clausi species at »Stončica« is 
not surprising since this species is more frequeint in the open sea and this 
station is an open sea station. 
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Table 13. Percentage presence of dominant copepods in the total number of copepo<ls 
at ►►Pelegrin« station in 1970-197-1 

Year: 

1970 

1971 

33.3 
25.2 
60.1 
64.G 
52.8 
50.5 

69.4 
!)7.0 
56.0 
41.2 
40.3 
23 .6 
21.8 
25.1 
44.3 
41.8 
68.0 
35.7 

54.7 
70.0 
a:rn 
37.:3 
36.4 
20 .5 
37.9 
38.8 
57.6 
59.2 
27.0 
53.6 

1972 47.8 
21.8 
71.1 
34.5 
43.6 
2Đ.3 

54.90/o 

54.60/o 

Year: 

l!Y/3 

197-1 

26.6 
4G.7 
34.4 
72.7 
55.5 
m.2 

!.i6.0 
53.8 
59.0 
64.0 
28.8 
35.2 
19.1 
43.8 
28.9 
52.0 
46.1 
67.2 

85.5 
23.6 
48.4 
50.3 
46.0 
30.9 

55.5-0/o 

45.5% 

G. Changes in t he t;otal number oj copepocls as affected by sami bintic 
cnvironmental :factors (phytoplankton, fish) 

6.1. Rc!lationship betwoon the number of copepods and phytoplankton 
or,ganisms as their principa[ food 

Some earlier investigatians of the relationship between phytoplankton 
and individual zooplankton groups (Vuče U ć, 1965) as well as between 
primary pr-oduction and zooplamkton standiing crop at the same middle 
Adriatic stations (Vuče t;i ć and P u ch e r - Pet kov j ć, 1969; P u ch e r -
P e tko vi ć • and Vuče ti ć, 1969) bave already shown the dependence bet­
ween these two members of plainkton community (producers and predators) 
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Table 14. Percentage proportion of dominant copepod species in the tota.J nurnber 
of copepods at ►►Stončica« in 1970-1974 

Year: 

1970 

1971 

1972 

O/o 

38.1 
41.4 
33.9 
27.2 
42 .0 
28.3 

,14.1 
53.5 
44.8 
35.1 
27.3 
32.5 
37.9 
17.2 
16.1 
34.1 
45.5 
43.3 

59.3 
25.5 
37.7 
50.9 
30.7 
30.6 
31.9 
19.4 
61.8 
17.2 
51.8 
45.7 

46.0 
48 .8 
42.3 
41.7 
42.6 
37.0 

27.4°/o 

56.90/o 

Year: 

1W?3 

1974 

:32.1 
30.4 
55.7 
47.2 
29.1 
47.2 

36.8 
37.3 
·10.0 
43.5 
45.5 
33.l 
70.2 
,16.5 
35.0 
48.3 
4().6 
6'7.3 

69.0 
54.0 
56.7 
60.0 
19.6 
51.0 

40.70/o 

53.70/o 

im the midd'le Adriatk. Even though these investi,g.ations as well a.s some 
later ones showed that annual variations of phytoplankton and zooplankton 
did not coincide durimg the year this was attributed to the different number 
of annual productive periods of phytoplankton and zooplankton. P u -ch e r -
Pet k ovi ć and Vuče ti ć found that seasonal mean values of zooplank­
ton were in broad agreement with the seasonal mean values of primary pro­
duction what »shows that the quantity of produced food determines to a 
larger extent the size of zooplanktan population« (Ka r 1 ova c at al., 1974). 

F'urther, a tendency of increase of both the total number of phytqpla.nk­
ton and zooplankton organisms was recorded over a rather kmg period with 
maxima i:n 1965 and 1966. It was also established that the long-term varia-
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Fig. 17. Variations in the number of copepods and phyto­
plankton organisms in the »Kaštela Bay« in 1970-
~1972 

tions in zoop'lam:kton biomass were of the same order oif magniitude that is 
that maximum and minimum departures from the long-term means were 
equal. 

The:;.e complex researches were related to all the hydrographic changes 
in the Adriatic. Thh3 prov.ided a basis for the a:ssessment and forecast of 
the fish productiOIIl far a long time (Ka r 1 ova c, et al., 1974). 

The data on the number of copepods, as numerically dominant zooplank­
ton organ,isms were, therefore, compared with the data on the total phyto­
plankton (P u ch e r- Pet kov i ć, unpublished data) far the 1970-1972 
period. 

Graphica1 r-epresentation of these two components ·(Fig. 17) shows the 
sim.Harity of the seasonal fluctuations in the number of individuals, parti­
cularly in 1971. This interdependence between copepods and phytoplankton 
as their pnincipal food was proved statistically, as well, with positive correla-
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tion and correlation coefficient value r = 0.67, significant for more than 
99°/u. 

For »Pelegrin« a,n,d ~•Stončica« (Figs. 18 and 19) s'taitions correlation ooef­
ficient values were not significant. This was probably due to the more pro­
nounced dynarrnios and more frequent changes of abiotic factors affected by 
the open waters of the middle Adriatic. On the other side, the number of 
copepod species at those two stations was almost twice that in the Bay. 
This further complicates the relationship with phytoplankton since the num­
ber of carnivore species of copepods was also increased. 

Kaštela Bay may be held as am almost closed basin with relatively regu­
iar changes of abiotic factors. In addition, herbivore copepod species domi­
nated at the Bay station what makes the way between primary producers 
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Fig. 18. Variations in the number of copepods and phyto­
plankton organisms at »Pelegrin« station in 1970-
-1972 

of organic matter antd tts first COIIlSJUIDers shorter. Studies of the lfeeding of 
dominant Kaštela Bay species showed that they took phytoplankton all over 
the year. Contents of their digestive tract was full in all seasons. This also 
proves that sufficient phytoplankton is at their diisposaJ. and that they con­
sume it w.ith no s,electton (Homen, B. and Regner, D. 1977; Regner, ' 
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D., 1978; Ma r a s ovi ć and R e g :ne r, D., 1979). Thus dom.inant Kaštela 
Bay specic:s Acartia clausi, Centropages t ypicus, Centropaues lcroyeri ancl 
Temora styiifera take these groups of phytoplanikton which are numerkally 
dominant in the sea in the respective season. Therefore the relationship we 
established between the number of oopepods amd phytoplankton density 
clearly proved their inter-dependence. 

Results obtained by the oomparisOIIl between the totaJ number of cope­
pods and primary production expressed as the quantity of produ::ed carbon 
in mg/m2/day are somenhat differem.t from the ubove ones. This, however, 
can be easily uri.derstood since in the first case we compared the phytoplank­
ton biomass with the copepod biomass expr.-}ssed as the number of specime:ns 
per unit space, whiJ.e iiln the seooncl case copepod nUJmber was compared with 
the process of° organic matter production. F igs. 20 and 21 clepi.ct the rdation­
ship between the totaJ number of copepods and ,produced carbon. It is 
obvious that the variaticms of these two parameters are more similar at 
»Stončica« than in the »Kaštela Bay«. Thi.s was also statistically proved and 
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the correlation coefficient for the open sea r = 0.334, significant for more 
than 990/o. Po,sitive correil.ation was estabtlished for the Kaštela Bay, as well, 
even though correlation coefficient was not significa:nt (r = 0.157). Produc­
tion process ip the Bay is considerably different from that in • the open sea 
since nutrients are .renewed faster thain in the open sea; production is twice 
to thrice that in the open sea aind the rate of production is higher owimg 
to the higher quantities of :nutrient salts. Even though it has already been 
mentioned we should il.iike to repeat that phytoplankton quantity is also 
higher in the coastal area (2-5 times) than in the open sea (P u c h e r -
Pet ik ovi ć, 1970) and that phytoplankton orgap~mis coiiliSumed by zooplank­
ton are faster renewed owing to the 2-3 times higher production. Therefore 
the differ-ence between copepod numbers and produced OTgani.c matter in the 
K aštela Bay exceeds that at »Stončica« station. 

6.2. Relationshilp between the n,umtber of oopepods aind fish as theiir 
principal predator 

Zooplankton is principal food to a large number of fish species, particu­
larly to pelagic fish. Therefore their relationship is a complex one. That is : 
growth, fecundity, maturation, spawning and survival of pelagic fish (Ni­
k o 1 s ki i, 1969) are determined by the available food that is by a sufficient 
quan tit y of zooplankton i.!Il the sea. 

Sardine. f.eeding was particularly studied in the Adriatic owing to the 
commercial importance of this fish species. The first data on this fish food 
compositiOIIl were given by Ste u e r (1908). Muž ini ć, S. (1936) reported 
also on the diunnal and m001tly rhythm of sardine feeding,. Even though these 
<lata originate from the catches realized in the middle 

0

Adr~atic as distinct 
from the previous ones which originated from the north Adriatic catches 
both -the data on the qua•1ita,tive food composition and those on the -time of 
taking Iood are iln broad agreement. 

E r c e go vi ć (1940) studied sardine feeding durimg the stage of meta­
mo11phosis and gave particUJl.ar attention to the tim•e of food taiking. StudyiI!g 
the spawning and spawrung grounds of sardine in the Adriatic and observing 
the data ,on zooplankton biomass Gamu 1 i n (1954) concluded that their 
spawning took place at the maximum occurrence of zooplankton. 

In addition to the observations of diurnal and anm.ual patterns of sardine 
feeding (V u četi ć, 1955) quaJ.itati1Ve and guantitative analyses of food in 
relation to different gears and parts of the day were given particular atten­
ti:On. It was found that stomachs of sardine cau,ght by four different nets 
contaimed copepods im very high quaintit,ies (about 300/o) while qualitative 
composition of other zooplaI11kt01I1 groups considerably di.fferred -(V u č e t ;i ć, 
1963c). 

Quantities of foo<l as affected by the diurnal and seasonal feeding 
patterns were aJiso s-tudied. It was found that sardine fed most inte1I1si,vely 
in the afternoon. llighest quainhtative of food w,ere recorded ilil. May and 
lowest in August (Vuče t ii ć, 1963.d). 

Zooi:;lankton biomass (dry weight) was, further, compared with the data. 
on sarxl.ine catch sta.1listi.cs. An inverse rela.tionship was established between 
these two COi!llpo!Ilents. It wa,s also su,ggested that due to poo,rer feedililg f~sh 



D. Regner 
Copepod dynamics in the Adri-atic Sea 
Acta Adriat., 26 (2) : 11-99 (1985) 

85 

are moTe easily moved sirnce W1avaiilalbility of food forces them to the search 
for food what is trophk migrations further favourable for fishiing (Vuče ti ć , 
1960, 1963d, 1965). 

It was also indicated for the area of the middle Adriatic (Kaštlea Bay, 
Stončica) that zooplankto111 dry wei,ght seasonal distri!bution coincided with 
the echo- traces or fish abundance. Comparison of echo traces and individua] 
zooplankton groups gave posit\i,ve correlation between echo traces and cope-­
pods in the open sea (Stončica) (p = 0.001), and in the Kaštela Bay ' rather 
high values of the coefficient of correlation between echo-traces and decapod 
larvae (Vuče ti ć, and Ka č i ć, 1973, 1973a). 

V u č e t i ć (1975) studied the synchronism of sardine and anchovy spaw­
ning (egg numbers) člllld zooplankt oitl standing-crop (dry weight). This author 
found tha,t sardine most intensive spaw,ning preceded zooplankton maximum 
and anchovy most .intensive spawning fo11owed ainnual zooplankton maximum. 
Further, this author found that anchovy egg quantities during the year coi111-
cided with the numbers of copepod Euchaeta hebes and decapod devclopmen­
tal stages, while maximum sardine egg qua111tities ;preceded copepod group 
maximum. It was also shown in the same paper that annual correlat;icxn 
betw een echo-trace abundčllilce of adult sardine and anchovy and variations 
in zooplankton quantites (dry weight) was significant. 

We attempted to observe the relationship between the total copepod 
number and total number of fish eggs, Even though these two plankton 
groups are qualitatively very different positive correlatiOIIl was established in 
the Baštela Bay (r = 0.07) and at- Stončica (r = 0.145) with not significant 
correlation coefficents. Therefore future researches should give particular 
at.tention to the relationship between quantitatively dominant species of both 
groups which should throw more light on the predator-prey relationship 
which was here only established. 

7. Pattern oj total copepod number variations as aff ected by some abiotic 
and biotic environmental factors 

Seasonal variations of the total number of copepods as affected by some 
abiotic environmental factors have already been discussed in detail in this 
paper (chajpter 7. 3. 1). Rather ilarge number of annual max-ima was establised 
for all three stations in spring, summer and autumn. Positive correlatio111 
with temperature amd salinity and negative correlation with density were 
reoorded in the Kašitela Bay with the notsi,gnificant oorrelatio111 ooefficients. 
However, these relationships were far mnre oomplex at »Stončica« and »Pele-
grin« and correlation coefficients were mainly nat siginificant. • 

Variations of the total l!lumber of individuals in different years were 
discussed in the chapter 7. 3. 2. It was found that 1110 qualitatively significant 
Adriatic water exchanges took place i111 the coastal area in the 1970-1974 
period which would have caused a long-term increase in the total number 
of copepods. 

Data on oopepod nurnbers have further, been oompared with phyto­
plankton as their principal food as we11 as with the total nwnber of fi,sh 
eggs as indicatoJ:"s of the quanti ty of fish - the main copepod predators 
(7. 6. 1. and 7. 6. 2). Statistically proved correlation with phytoplankton was 
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est ablished for the Bay with the correlation coefficient r = 0.'67 as well as 
posi live corrclation with the rmmber of fish eggs even though with the 
notsignificant oorrelation coeficient. 

Therefore, since the calculation of correlation coefficients gave the rela­
tionship of i,nterdependence between all these components {particularly in 
the Bay which i,s almost an uniform system) we intend here to observe the 
patiern of variations of these factors to establish the periods of these varia­
tions. To establish these periods a:nd owing to a large number of data -
aibout 60 per each station and parameter - the autocorrelation method was 
applied to the following ser ies: 

nurnber of copepods 
temper ature 
sal.inity 
primary production 
and number of fish eggs. 

Autocorrelation function was applied after S o u t h w o rt h (1960) in 
the following manner: departure of each of the data (x;) from the common 
mean was calculated and afterwards inserted int o the autocorrelaticm func­
tion: 

.~X;· X 
i +p 

r(p) = 

wb.ere p is the time shift. For every shift ZX; • X was divided by the 
H-p 

variance of p = O. 
Thus the most pronounced maxima of t he number of copepods for the 

»Kastela Bay station were obtained at 12, 14, 22, 24, 26, 36 and 38 months 
(Fig. 22} which is indicative of the twelve month periods. This proves that 
the annual copepod cycle is very pronounced iJn the Kaštela Bay. 

Since this study aiso includes the obscrvatim1s of the -variations of 
copepod numbers as affected by individua! b.iotic and abotic environmental 
factors the data on which were avaHable. the rnethod of autocorrelation was 
applied to estrublish the patt-em of variations of temperature and salinity 
as ·we1l as the pattern of variations of primary production and number of 
fish eggs. Fi;g. 40 depicts the autooorrelati,on coefficient values for aibiotic 
facto:rs and the autocorrelation coefficient values for copepod number"·· 
Graphical representation shows that 12, 24 and 36 month maxima are most 
marked for temperature, that is that annual temperature variations follow 
marked ly regular pattern in the 1970-1974 period. 

The 11, 23 and 34 month max ima were found for sailinity. They a•re i.n 
agreem12nt with the m entioned 12 month cycle of copepod number and tem­
perriture variations. 

Autocorrelation coefficient va:lues for the m.111:n:ber of ·co,pepods and biotic 
envir0il1ffiental facto.rs - primary production and number of f ish eggs are 
givon in Fig. 23. It may be seen that the occurrence of primary production 
maxima is markedJy regiUilar. The period of 12 months, tha.t i,s one yea-r, 
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is most pronounced here, as well. The number of fiish eggs shows the same 
period (12 months). 

Accordingly, regular ,m,nual variations of all biotic and abiotic factors 
(temperature, salinity, primary production, number of fish eggs) were establi­
shed for the Kaštela Bay. Lncreased autocorrelation coefficent values of 
salinit:r of 23 months and of the copepod number !IIIld fish eggs of 36 and 
38 months respecti,vely even though with the shifts at the confidence level 
of 99°/n, might be indicative of the pe1·iods of hvo or three years. Namely, 
županovi ć (1968) in his studies of long-term fluctuations of sardine 
catches along the eastern Adriatic coast found the per.iods of 3, 8.1, 11, 17.5, 
23, 37 c1 nd 57 years. Longer periods this author held due to the Medit2r raneain 
ingrcssicms (B u I j a ::i, 1953) that is in a wider sense to t he weather changes 
on a w odd scale, as well as to t he oceanic current fluctuations. The same 
autbor ~uggests that the three year period may be in connexion with colde!· 
w fo1t crs in the Adriatic. Applying spectral a'llalysis to a hundred year data 
series on sardine catches and :so'lar activity R e g ne -r, S. and Gači ć (1974) 
found that the best pron-ounc-ed year period was accompanied w.ith the 
periods of 2.5 years. However they cou1d not e:stabEsh their causes. 

On the basis of the results given by mentioned authors (obtaincd from 
the long data series) we also believe that the periods of two or three years 
aTe possibie. However, this coUild 1I1ot be proved due to the too short time of 
our observations. 



88 

0,9 

o.s 

0,7 

0,6 

-o.s 

- 0 ,6 

-0.7 

, -0,8 

-0,9 

-1 

D . Regner 
Copepod dynamics in the Adria tic Sea 

Acta Adrlat., 26 (2) : 11-99 (1985) 

co pepod numbei-
pri mory producti on 
number ot f ish eggs 

Fig. 23. Autocorrelation . function of the copepod number, 
primary production and fish egg number at the 
»Kaštela Bay« station 

The variations of copepod number is far ,less regular at »Pelegrin« than 
in the Kaštela Bay. Fig. 24 shows a larger number of maxima: the 12, 14, 
17, 25 month ones as well as the best pronounced 37-month one. Only tem­
perature showed very reguJar 12, 24 and 36-month periods (a year cycle) 
while salinity showed maxima every 11, 13, 23, 26 and 35 months. Of these 
the last and highest one may be indicative of a three year period. A;,, shown 
by Fig. 25, 11 and 25 month maxima of fish eggs are somewhat more pro­
nounced. However, they are not so marked as at the preceding stations. As 
it has already been mentioned »Pelegrin« station is affected both by land 
and by the open sea thus that the environmental conditi01ns are mor e com­
plex there than those in the Bay. 

At »Stončica« - Fig. 26, variations of copepod number shows most pro­
nounced 10, 14 and 24 month maxima. Temperature shows most regular varia­
tions here, as well, with 12, 24 and 36 month maxima, while i'Il salinity 14 
and 24 month maxima ar•e accompanid with the most pronounced 37 month 
one. 

Primary production show:s 3, 6, 10, 13 and 23 month maxima and fish 
egg variations 10, 27 and 35 month maxima (Fig. 27). 

These records show that 12 month oscillations of observed abiotic and 
biotic factors iiln the study area is very uniform. Namely, 12 (24 
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and 36) month maxima were established which prove a regular amnual 
variations of all the factors. At the same time on the basis of the autocorre­
lation coefficient value of sahnity in the Kaštela Bay 'it is assumed that 
period.s of about two years are possible. The periods of three years are 
assumed for copepods and salimity at Pelegrin and sali111ity at Sto111 čii..:a. These 
assumptions may be in agreement with some earlier results of investigations 
in the Adriatic (Županovi ć, 1968; R e g ne r, S. and Gači ć, 1974) 
which, based on the longer data series, showed two and three year cycles 
of Adria.tic sardine catches. Established period of 12 (24, 36) months is indi­
cative of the regular 5tcasonal variations of all the parameters examined in 
the study area. • 

I>erroas •or tw.: (for salinity in the Kaštela Bay), and three y,earn (for 
oopepods and salinity at Pelegrin and salinity at Stornči,ca) couJd not be­
statistically proved due to the too short data series. 
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1. A totaJ. of 98 oopepod species were ,recorded from the mid-Da1matian 
coastal area duri1ng the five y2ar studies: 53 from the Kaštela Bay, 91 
frorn ►►Pelegr.in« and 90 from ►►stončica«. 

2. Horizontal distribution showed th2 following: markedly neriti,~ species 
dominated in ):he Bay, neritic and open sea species ,vere most Crequent 
in the channel area and open sea species at »Stončica«. 

3. The occurrence of open-sea species at ►►Pelegrin« and »Kaštela Bay<• 
statioil'lS is suggested to be related to the current system, where NE direc­
tion carries open-sea water rnasses towards the coast most frequently in 
wintcr-spring period. On the other hand, temporary occurrence of neritic 
species at »Pelegrin« and ►►stomčica« rnay partly be due to the 1,tronger 
outgoing Adriatic current which facilitates the clispersion of neritic spe­
cies frorn the northenn Adriatic. It may also be related to the W direc­
lion which carries surface water masses offshore. 

4. Seasona,l rnaximum numbers .of species were ,reoorded from a'Ll the stations 
in winter, and minimum ones in spring a:nd summer. lt is also suggested 
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that this is related to the intensified effects of the open sea OIIl the 
coastal area of the middle Adriatic. 

5. It was foumd that the composition of copepod community changed seaso­
naiLly. In addition, long-term changes were also recorded. The increase 
in the 111umber of species in the 1970-1974 period coincided with occur­
rence of larger 111umber of open-sea species. However, neither the changes 
in the species composition were considerable nor the vamaiions of tem­
perature and salinity. Thus, it is assumed that in all five years annual 
effects of Mediterranean waters on the Adriatic were not significant. 

6. Species diver~ity index gradually increases if one proceeds from the 
coast towards the open sea. At the »Kaštela Bay« station d = 2.682, at 
»Pelegrin« d = 4.86 8.IIld at »Stončica« d = 6.252. At a111 the stations maxi­
mum values of diversity indices were established mainly ~n winter ancl 
min,~Ulffi in summer. Thi:s :iis in agreement with the reoords of seasonal 
maximum numbers of species in winter and minimum ones in summer. 
Over the five-year period maximum annual diversity indices were recor­
ded from ali stations in 1970 and mini:mum ones in 1972 and 1973. This, 
however, coruld not be related to the JO!l1.g-term variations of species 
numbers over the period of investigations. 

7. Seasonal variations of the total number :of copepods were similar at all 
three staticms. They showed larger number of annual maxima occurriing 
predominantly during the warmer part of the year: tn spring, summer 
and autumn. This occurrence of a larger number of maxima ·may be due 
either t o natural fluctuations or to the enrichment oE coastal area by 
nutrients (eutrophication) as well as to the sufficent food available over 
a larger part of the year. 

8. Posiiive correlation between the total number of copepods and sea sali­
nity (r = 0.312, p < 0.05) and between the total number of copepods and 
temperature (r = 0.413, p < 0.01) were established as well as negative 
.nonsignificant correlaiion between copepods and sea water density 
(r = - 0.139). 
Total number of oopepods showed positi.ve oorrelatio111 with temperature 
onu.y at »Peilegrin« and »Stončica« stations. 

9. The observations of the total number of copepods over the 1970-1974 
period showed only slightly diff.erences from o:ne yea[' to another. This is 
indicative of the fact that no significant qualitative changes of hydro­
graphic properties took place in the coastal area of the middle Adriatic. 

10. Copepods constituted from 18.72 to 99.430/o of the total zooplankton 
counts at the »Kaštela Bay«, from 7.75 to 77.660/o at »Pelegrin« and from 
9.11 to 920/o at »Stončica«. These high percentages show the significance 
of copepods as quantitatively domill1am.t zooplankton group. This was pro­
ved also by the high value of the coefficent of correlation between the 
number of copepods am.d the total zooplankton number (r = 0.673; 
p < 0.001). 
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Copepods were most abundant in the coastal area in autumn amd winter, 
in the channel area in spring-summer and ilil the open sea in summer. 
This grou,p Il(Umericailly dominated the zoopJankton popuilation of the 
Kaštela Bay in 1974, at »Pelegrin« in 1973 and at »St011čica« in 1971. 

11. The followin,g species domina ted the zoopfankton popu!J.ation 1in the Ka­
š,tcla Bay: Ctenocalanus vanus, Centropages typicus, Centropages kroyeri, 
Temora stylifera and Acartia clausi and accounted for 76.290/o of the 
total number of copepods; Ctenocalanus vanus, Centropages typicus, Te­
mora stylifera and Clausocalanus jobei were the dominarnt s.pecies at 
»PeJegriln« constituting 50.650/o of the tota[ number of copepods; the 
species that were predominant at »Stončica« were Mecynocera clausi, 
Claw,ocalanus jobei., Clausocalanus furcatus, Ctenocalanus vanus, Centro­
pages typicus, and Temora stylifera making up 42.050/o of ihe total 
copepod counts. 

12. The dependence of each of the domimaint species on sea temperature and 
salinity was statistically observed. Positive correlatio.n coef.ficients were 
established for copepods which preferred Mgher temperatures and saili­
nites and negative ones for copepods which occurred in higher numbers 
during the colder pari of the yea,r and at longer sailiinities. In rthis con­
ne:xoion a seasona1 alternatirve occurrenoe of dominant copepods wa1s esta­
blished. 
Thus, Acartia clausi numerically dominated in winter-spriing, Ctenocala.­
n·us v anus ilil spring-summer Clausocalanus jobei, Clausocalanus jurcatus 
a:nd Centropages typicus in smnmer-a.utumn and Centropages kroyeri, 
Temora stylifera and Mecynocera clausi iin autll'iffin. 

13. Positive correlation between the number of copepods .and phytoplankton 
as their pr,incipal food was also established with the significamt correla­
tion ,coeffocient for the Kaštela Bay (r = 0.670; p < 0.01) and not signifi­
cant coefficients for Pelegrin (r = 0.10) and Stončica (r = 0.12). 

14. Positive correlation was also established between the number of cope­
pods and fish eggs however with not si1gnificant correlation coefficient 
for both the Kaštela Bay (r = 0.07) and Stonči-ca (r = 0.145) 

15. Observation.s of the pattenn of variations of copepods and some of the 
abiotic (temperature, salilllity) and biotic environmental factors (primary 
production, number o,f fish eggs) by the autocorreJation method showed 
maxJ.mum values of autocorrelaticm coefficient for the periods of 12, 24, 
and 36 months at all three stations. 
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SEZONSKA I VIŠEGODIŠNJA DINAMIKA POPULACIJA KOPEPODA 
SREDNJEG JADRANA 

Dubravka R e g ne r 

Institut za oceanografiju i ribarstvo, Split, Jugoslavija 

KRATAK SADR2AJ 

U ovom radu iznose se TezuJ:tati peto.godišnjih istraživanja kopepoda iz 
obalnog područja, kanaLnog dijela, te otvorenog mora srednjeg Jadrana. 

U radu je po prvi put razmotrena na osnovu višegodišnjih mjesečnih 
podataka, horizontalna raspodjela kopepoda u srednjem Jadrana. Za svaku 
od 98 nađenih vrsta izneseni su podaci o kvantitativnoj zastupljenosti kroz 
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godinu i kroz cije1o razdoblje, što predstavlja doprinos poznavanju njihovt 
sezonske i višegodišnje dinamike. 

Praćene su sezonske i višegodišnje promjene kvalitativnog i kvantita­
tivnog sastava kopepoda. Na osnovu višegodišnjih podataka izračunat je 
indeks ra71nolikosti vrsta kao numerički izraz strukture ove skupine. 

U radu su statistički razmotrene sezonske i višegodišnje promjene broj -• 
,nosti. kopepoda u odnosu a1a temperaturu, salinitet i gustoću mora od abiot-• 
skih faktora sredine, te broj fitoplanktonskih i ihtioplanktonskih organizama 
od biotskih faktora. 

Posebno je još praćeno učešće kopepoda među ostalim zooplainktonskim 
organizmima, kroz godinu i kr,oz petogodišm.ji period. 

Statistički su obrađeni podaci o kvantitatv:no dominantnim vrstama kope­
poda i njihovoj zastupljenost;i u odnosu na temperaturu mora i salinitet, kao 
i periodičnost kolebanja ukupnog broja kopepoda u odnosu na temperaturu, 
,5<1-bnitet, primarnu produkciju i broj ribljih jaja. 




