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SEASONAL AND MULTIANNUAL DYNAMICS OF COPEPODS
IN THE MIDDLE ADRIATIC

SEZONSKA 1 VISEGODISNJA DINAMIKA POPULACIJA KOPEPODA
SREDNJEG JADRANA

Dubravka Regmner

Institute of Oceanography and isheries, Split, Yugoslavia

This study comprises the results of five years investi-
gations of copepods in the coastal, channel and open sea
waters of the middle Adriatic.

Based on several-year monthly observations, it deals
with the horizontal distribution of the copepods in the
middle Adriatic, seasonal and multiannual changes in the
qualitative and quantitative composition of the copepods,
and the seasonal oscillations of copepods number as the
consequence of the oscillations of abiotic and biotic factors
of the environment.

Study comprises the statistical elaboration of the pe-
riodical fluctuations of copepods depending on temperature,
salinity, primary production and number of fish eggs, all
based on a the data of five year investigations.

INTRODUCTION

Copepods are quantitatively best represented zooplankton group, and
therefore one of the most important link in trophic dynamics of marine
ecosystems. Omnivore and particularly herbivore copepods are the first step
of the focd chain being the food of other zooplankters, and what is even
more important, many of the commercially important fish species feed on
them.

As a part of this dynamic entity, copepods are liable to certain changes
(diurnal, seasonal and multi-annual), the knowledge of which is of invaluable
importance both for idioecological and synecological studies.

Rather detailed conclusions on the pattern of seasonal and long-term
copepod variations may be drawn only from a large number of data. Effects
of ecological factors are also interdependent thus that in observing the
effecets of each individual ecological factor on the plankton copepod commu-
nity, the fact that they, as well, are only a part of the entire marine environ-
ment must not be ignored.
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Therefore, this paper attempts to interpret statistically the five year
data series on copepod species composition and mnumber in the coastal,
channel and open sea areas of the middle Adriatic and to relate them to
some abiotic and biotic factors of marine environment. The former ones
refer to temperature, salinity 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 will contribute much to the earlier
copepod studies in this area and provide the basis for the further interpre-
tation of long-term collections from this Adriatic part.

Species diversity index, as a numerical expression of copepod group
structure, will be observed in this paper (based on a large number of data
for the first time) as well as its seasonal and long-term fluctuations.

Further, seasonal pattern of changes in total copepod mumbers will be
observed in relation to the mentioned abiotic (temperature, salinity) and
biotic (phytoplankton, ichthyoplankton) environmental factors.

Earlier investigations of the Adriatic copepods

Copepods, the major zooplankton group as to the quantity, has been
given much more attention than other zooplankton groups. Thus, tae first
copepod investigations can be traced back to the end of the nineteenth cen-
tury when the zoological stations 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 anatomy of
individual species {(Claus, 1881; Car, 1884, 1890, 1890a, 1895—1896;
Steuer, 1895, 1902a; 1902b, 1903, 1907, 1910a, 1910b; 1913; Graeffe, 1900;
Grandori, 1910, 1913; Stiasny, 1907; Leder, 1913; Car and Ha-
dzi, 1914a, 1914b; Pesta, 1920; Fruchtl, 1920, 1924, 1934) and species
inventory lists for individual localities. Brackish water copepods woere also
studied (Car, 1902; Hadzi, 1930) and the differences between them and
marines copepods due to different features of waters they inhabit established.
These cepepods were recorded from the Bay Novigradski zaljev, Port of
Gruz, Bay Boka Kotorska, Port of Zadar and the Bays of Bakar, Rijeka
and Pula.

The data on eastern Adriatic coast zooplankton and particularly copepods
were collected by the R. WIRCHOW trips (1907, 1909, 1911). This large
collection was almost completely worked out and it provided a basis for
studies of the Adriatic copepod biology and distribution (Steuex, 1910;
Frichtl, 1920, 1924, 1934).

From the material collected in the course of the first two cruises
Steuer (1910) reported on the horizontal distribution of the Adriatic 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
investigations. The differences between neritic, euryvalent copepods —
phacoplankters and pelagic knefoplankters which are more stenovaleut (F r ii-
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chtl], 1924) were also described and all the copepods known so far reviewed

These researches were particularly intensified at the beginning of twen-
tieth century when the permanent International Commission for the Investi-
gations of the Adriatic was founded. Periodical exploring voyages of the
Austrian NAJADE (1911—1914) and Italian CICLOPE (1911—1914) expeditions
were organized by this Commission. Even though all the material collected
by these expeditions has never been fully worked out, Steuer (1913),
Leder (1917), Gramndoni (1913), Pesta (1920) and some other authors
reported on the distribution of individual copepod species and on some new
species recorded during these voyages.

The University of Zagreb and Yugoslav Academy of Sciences and Arts,
Zagreb organized the first Croatian scientific expedition in the northern
Adriatic by the ship VILA VELEBITA. Zooplankton of the Kvarmer Bay
(Car and Hadzi, 1914a and 1914b) was also studied in the course of this
expedition.

Later on, by the foundation of the Institute of Oceanography and Fishe-
ries in Split, these investigations were intensified, particularly in the middle
Adriatic, the results of which added much to the first inventory, mono-
graphic and ecological reports >n the Adriatic copepods, particulanly those
from the morthern Adriatic.

Gamulin (1939) gave the first rather complete data on copepods from
this area from the material collected from the »Kastela Bay« and »Maslinica«
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 simulta-
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 comprising 76 species.

Later on, the data on copepods from the Bra¢, Hvar and Neretva chan-
nels were given as well as those from Pelegrin and Drvenik-Vis profile
(Gamulin, 1948). They were obtained by analysing the collections of June
1939 from the central Adriatic stations. They made a significant contiribution
and supported the earlier reports on zooplankton 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 large number of authors which ldealt with different zooplankton groups
and species.

Yugoslav Fishery-Biology Expedition HVAR, undertaken after World
War II (1948—1949) covered almost the whole Adriatic basin. Zooplankton
was later worked out by Hoenigmamn (1955, 1958, 1961) and Vucetié,
(1963a, 1963b, 1965).

A number of papers report on the copepod distribution, biology and
ecology (Pucher, 1952; Héemnigman, 1958; Hure and Scotto di
Carlo, 1967, 1968, 1970; Regner, D., 1971, 1974a, 1974b, 1975; Vucetig,
1957, 1963, 1964, 1965a, 1965b, 1965¢c, 1966a, 1966b, 1969, 1973, 1976; Vuka-
nié, 1971; Zavodnik, 1956, 1961).
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Quantitative ecological observations of the total zooplankton, including
copepods (Vudetid, 1957, 1958, 1961, 1966, 1969) were carried out within
the studies of fertilization effects on the bioproduction of the lake of Veliko
jezero on the Mljet Island as well as within ecological studies with respect
to fertilization of the Bay of Marina.

Copepod distribution was, further, related to hydrographic features of
defined studied areas (Vukanié¢, 1971) as well as to the changes in the
distribution of water masses and different Adriatic water types all over the
Adriatic (Vucdetié, 1963, 1969, 1970, 1971, 1973; Hure, 1969; Hure and
Scotto di Carlo, 1977, 1979).

Regular monthly copepod studies were carried out at some localities
(Regner, D, 1970, 1973, 1974b; Vukamié¢, 1971) and the occasional ones
at some other localities, that is when required, such as for the errection of
some industrial plants (Buljam, Hure and Pucher-Petkovi¢, 1973).
1973).

Seasonal and long-term fluctuations of the total zooplankton and copepod
group, as well as of some quantitatively predominant copepod species have
also been regularly studied in the central Adriatic (Pucher-Petkovié
and Vudetié, 1969; Regner, D, 1970; Vudetié, 1965, 1969, 1970;
Vudleti¢ and Pucher-Petkovié¢, 1969; Vudetié and Regner,
D., 1973).

The data on the quantity of the Adriatic copepods have been continuously
supplemented (Hoenigman, 1955, Hure and Scotto di Carlo,
1968c, 1969a,b; Regner, D., 1974c, 1975).

Diurnal migrations and vertical distribution of zooplankton and copepods
in particular, have been studied in detail (Hure, 1955, 1961; Hure and
Scotto di Carilo, 1968c, 1969a,b,c, 1970, 1974). This provides the basis
for »rather full explanation of zooplankton horizontal distribution« Extent
of vertical diffusion, the causes it is due to and the whole series of other
factors which accompany this phenomenon are also reported on.

Many of the papers deal with the relationship between zooplankton and
its main predator — pelagic fish. This relationship was studied from feeding
Muzimnié, S, 1936; Ercegovié¢, 1940; Gamulin, 1954; Vucetig,
1954, 1955, 1963a,b,c; Karlovac, J., 1964; MwuzZimié¢, 1969, 1963;
Skrivanié and Zavodnik, 1973), from catches (Vuéetid, 1960)
and comparison between the zooplankton standing crop and echo-traces
(Vucetié and Kaéié, 1973, 1973a). '

The Adriatic zooplankton biomass has also been studied and reports on
its size in the morthern, central and southern Adriatic given (Vucetid,
1957, 1958, 1961, 1963a, 1966), as well as those on seasonal and long-term
biomass oscillations (Vucéetié, 1965, 1966, 1970; Vucetié and Pucher-
Petkovié, 1969; Pucher-Petkovié and Vucetié, 1969), Beno-
vié (1976) reported on the biomass of individual zooplankton groups.

Results of comparisons between the zooplankton, and particularly cope-
pods from the southern Adriatic and those from the stations in the Gulf of
Naples (Hure and Scotto di Carlo, 1968c, 1970) and Tyrhenian Sea
(Hure and Scotto di Carlo, 1969a, 1974) were also published.
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List of copepods known in the Adriatic has continuously been supple-
mented by describing new species (Hure and Scotto di Carlo, 1967,
1968, 1970). Data of Smeljeva (1964, 1965) collected during the Soviet
expeditions KRISTAL and AKADEMIXK KOWALEVSKI also added to the
list of known copepods.

Adriatic biological resources have been assessed from the plankton and
consequently from the zooplankton, as well (Karlovac et al, 1974).

Effects of urbanization and industrialization of our coastal areas on
natural ecological balance of the adjacent sea and consequently the pollution
effects on copepod population changes have also been observed (Regner,
D, 1977; Vucetié, 1977; Benovié et al.,, 1978).

The Adriatic zooplankton biochemical composition was separately studied
(Vuéetié, Damjamié and Cubretovié 1969). Sorne of the papers
dealt with the mercury level fluctuations in the central Adriatic (Vuéetié,
Vernberg and Anderson, 1974).

This large number of papers dealing with a variety of topics poiut to
the significance of copepods as quantitatively predominant zooplankton group,
to which more attention has been given than to any other component of the
plankton by a large number of authors both in our country and all over the
world.

The Adriatic zooplankton biomass has also been studied and reports on
its size in the ‘northern, central and southern Adriatic given (Vuédetié,
1957, 1958, 1961, 1963a, 1966), as well as those on seasonal and long-term
biomass oscillations (Vucdetié, 1965, 1966, 1969, 1970; Vucetié and
Pucher-Petkovié, 1969; Pucher-Petkovié and Vucetié,
1969), Benovié (1976) reported on the biomass of individual zooplankton
groups.

Programme and goal of investigations

Even though the Adriatic copepods were studied in detail our present
knowledge of the central Adriatic copepods is still unsatisfactory.

Therefore the aim of our study was to report on:

1. the horizontal copepod distribution in the coastal part of the eastern
middle Adriatic,

2. seasonal and long-term changes in copepod species composition and
variations of species diversity index,

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

4. variations of copepod proportion in total zooplankton,

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

6. variations of the total copepod number as influenced by some biotic
environmental factors (phytoplankton, fish, etc.), and
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7. pattern of total copepod number variations as influenced by abiotic
and biotic environmental factors from a five-year series of data
collected from three permanent stations 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 eastern Adriatic at the
»Kastela Bay« station (43°31’N; 16°19’E), from the channel area between the
islands at »Pelegrin« station (43°12’N; 16°19’E) and from the open sea out
of island area at »Stondica« station (43°00’N; 16°20’E) Fig. 1.

The »Kastela Bay« station — 42 m depth — is in the closed coastal area
under the strong and direct land influence. The Kastela Bay is situated bet-
ween the foot of Kozjak mountain, morthern side of the Ciovo Island and

25z Kdstela Bay
8 = Pelegrin
ASIBENIK 9= Stonéica

. 572, S

Fig. 1. Study area

Ll
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northern side of Marjan peninsula. It is open through a narrow strait near
Trogir and connected to the Bra¢ Channel 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 inflows originate from the Jadro river, small Pantan
stream and freshwater springs of which some are the submarine springs.

Temperature and salinity wvariations are considerable owing to small
depths and strong land effects. Their minima amd maxima ocour earlier
there {han in the open sea. In the five-year period of our investigations
maximum temperature of 23.47°C was recorded from the 0—10 m layer in
August 1972 and minimum temperature of 11.05°C in March 1970 (Buljan,
unpublished data).

Maximum salinity of 37.88%o was recorded in November 1973 and mini-
mum of 34.04%o in May 1974.

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

Lower temperature and salinity values recorded along the northern side
of Ciovo Island indicate that cooled and less saline sea water flows out of
the Kastela Bay into the Bra¢ Channel near the eastern cape of this island.

Great variations of current pattern are caused by relatively small depths,
poor tidal currents and strong local wind forcing. W direction is prevalent
in winter, NW in spring and early summer, E in summer, particularly in the
surface layer and S in winter (Zore-Armamda, 1974). The fact parti-
cularly relevant to horizontal copepod distribution should be pointed out on
this occasion. Zore-Armanda (1974) established that annual current
roses in the Kastela Bay were almost identical to the current roses at Ston-
¢ica station which is strongly affected by the open sea. However, the flow
was shifted somewhat to the left in the KaS$tela Bay what is easily under-
standable with respect to the position of the bay in relation to the Vis Island.
Outgoing flow prevails in September and November and the ingoing one
in winter and summer. In addition, it should be mentioned that water enters
the Kastela Bay predominantly in the surface and bottom Jlayers.

Mean resultant current speed is 6 cm s on the surface, 4 cm s in the
intermediate layer and 3 cm s in the bottom layer, that is it decreases from
surface to bottom. The greatest speeds were recorded in autumn and winter
— from November to February. They coincide with the intemsified water
exchange with the adjacent Bra¢ Channel and freshwater inflows.

Wind forcing was found to be best marked in summer since only the
surface layer is exposed to air motions owing to summer stratification. Wind
accounts for 40% of current directions in the Split Channel.

Tidal currents, measured also in ‘Split area Zore-Armamnda, (1975)
are particularly marked in the intermediate and bottom layers. Tidal wave
is of N-S direction, that is it proceeds perpendicularly from the open sea
onshore.

After the most recent studies and on the basis of current roses construc-
ted by seasons, Zore-Armanda, (1975) calculated that total water
exchange of the bay with the adjacent Bra¢ Channel took place two times
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in a month’s period. The fact that the ingoing transport somewhat exceeds
the outgoing transport may indicate that a part of the water flows out of
the bay through the strait near Trogir nevertheless the water exchange there
is much less than that with the Bra¢ Channel.

»Pelegrin« station — 78 m depth is situated west from the Hvar Island.

Botlom is sandy of coarser detritus (Simunovié, personal communi-
cation).

Since this station is meither in the coastal area 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-
Armanda, 1973). The highest temperature of 24.21°C of the 0—10 mn layer
was recorded in August 1972 and the lowest of 12.25°C in March 1973. The
difference between these two extreme temperatures is for 0.46°C lower than
this difference in the Kastela Bay.

Maximum salinity of 33.71%o was recorded in January 1971 and minimum
of 36.89%0 in April 1970. The difference between these two extreme salinities
is for 2.02% lower than this difference in the KaStela 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 between these two
extreme densities is for 0.68 lower than this difference in the Kastela Bay.

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

Current speed varies from 13—23 cm s? (Zore-Armanda, 1975
and also decreases from surface to bottom.

»Stonéica« station — 107 m depth — is 4 Nm southeast offshore the cape
Stondica on the Vis Island.

Bottom is sandy of finer detritus with some muddy ingredients (Sim u-
novié¢, persomal communication).

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

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 in March 1973. The difference
between these two extreme values is for 0.71°C lower than this difference
in the Kastela Bay.

Maximum salinity of 38.74%o0 was recorded in November 1970 and mini-
mumi of 37.26%0 in March 1974. This area is affected by rivers, particularly
by ihe Neretva river. This influence is intensified in spring. They do mot
affect only the salinity reduction but flow directions, as well, thus that
W direction is prevalent. In autumn-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 Kastela Bay
exceeds for 2.36%o this difference in this area. The highest density of 28.79%s
was recorded in March 1973 and the lowest in August 1971 and the difference
between these values is for 0.19 lower than this difference in the KasStela Bay.
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Current speed at this station shows great variations and ranges between
1 and 30 cm s Winter curent speed variation exceed the summer ocnes.

All the aforementioned data are indicative of the close connexion bet-
ween studied stations. It may be even said that, with respect to their hydro-
graphic properties, these stations make an entity in the coastal middle Adria-
tic which is a part of much larger entity the changes of which are reflected
there.

MATERIALS AND METHODS

Conlinuous collection of zooplankton material from the permanent sta-
tions »ICastela Bay«, »Pelegrin« and »Stondica« in the coastal middle Adriatic
was started in 1957 by Vucetié¢ (Vudetié, 1961). This material has keen
worked out in a large number of papers Many of the reports dealt with the
long-term zooplankton fluctuations (Vudetié, 1963d, 1970; Vucdetié and
Pucher-Petkovié¢, 1969; Vucdetié and Regner, D. 1973).

Results of copepod investigations from a part of this material, collected
at monthly intervals from January 1970 to December 1974 are brought out.
Hydrographic parameters were simultaneously observed at the same stations.

Samples were taken with a »HENSEN« plankton net (Kiine, 1929) of 73
cm mouth aperture. Sitk (silk No 3) net part of 130 cm length is attached
to a linen part which does not filter the sea water. Net was hauled vertically
from bottom to surface at 0.3 m/sec speed. X

Collected material was preserved in 2% formol. Sub-sample (1/20 of the
calch) was counted. The wheole catch was examined for rare species.

Global species diversity index d was calculated after Margale{ (1951):

S—1
d= i
log, N

where S in the species mumber, N number of individuals per m’ and log,
natural logarithm of the number of copepods.

Statistical analysis of the material was carried out by the correlation,
regression and autocorrelation methods.

Correlation coefficient r was calculated from the results not grouped by
classes after the following formula:

I XY —(ZX) (2Y)
r ==

VINIX? — (ZX)] [NZY2 — (ZY)Y

and the significance of the difference of correlation coefficient from zero was
tested by the following formula:

V(N—2)
t=r——
V1 —r2
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Regresion was estimated by the formula:
y =a+ bx
where slope coefficient b =

22X —XY;—Y
b=————ja=y—bx
(Zx; — x)?

Autocorrelation coefficient for the partial shift p was obtained by the
formula: :

in X + P
L) =

> Xiz'

RESULTS

Results of the analysis of the material collected from all three stations
over the five-year period, 1970—1974, are brought out in this papir. They
include horizontal species distribution and percentage proportion of each
indivicdual species at each of the stations in the coastal, channel and open
sea areas of the eastern Adriatic. Frequency of occurrence of each species
going from the inshore waters offshore was also observed as well as the
percentage proportion of each species in the total number of copepods.

A total of 98 species were recorded. Some of the species are given in
tables under the common genera mames (Oithona — 3 species, Oncaea — 5
species and Sapphirina — 3 species). Results obtained for individual species
are given fin tables as a number of 'individuals by each month of the
1970—1974 period. To make the data intercomparable the number of indivi-
duals was recalculated for 10.5 m3 for all three stations. Absence of a
species is marked as O, whereas — means that no sample was taken in the
respective month.

Calanidae

1. Calanus helgolandicus (CLAUS), 1863. — Approximatively the same
number of individuals was recorded from all three stations. The hijghest
number of individuals was recorded from »Pelegrin« (35.4%), somewhat less
from the Kajtela Bay (35.1%) and the smallest number from »Stonéica«
(29.5%o).

Frequency of occurrence of this species increases if one proceeds from
the inshore waters offshore, that is it was recorded from 40%, coastal sam-
ples, 70%0 channel samples and 72%0 open sea samples.
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Precentage proportion in the total number of copepods increases in the
offshore direction (from 0.6%, 1°0 to 1.2%), which is another indication of
the character of this species which prefers the open sea.

CALANUS HELGOLANDICUS (CLAUS)
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The highest number of individuals was recorded from the Kastela Bay
in April-July, from Pelegrin in February-May and in July and September,
an dfrom tSoncica in February-June. A decrease in the number of individu-
als was recorded from the coastal 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%0), somewhat less from the open sea station (30.7%) and the lowest
number from the channel area (29.3%). Frequency of occurrence increases in
the offshore direction (57%, 80%, 90%) as well as their percentage propor-
tion in the total number of copepods, from 1.3% to 1.5%¢ and 2.4%b.

Maximum numbers were recorded from the Ka3tela Bay in December-
-May, from Pelegrin in April-June, from Stoné¢ica in February-June. Accor-
dingly, distribution and numbers of this species coincide with the C. helgo-
landicus ones.

Total number of individuals was somewhat reduced in the Kastela Bay;
it was almost constant at »Pelegrin« and decreased at »Stoncica« only in
1971 and thereupon mainly increased up to the termination of the investi-
gations.

3. Nannocelanus minor (CLAUS), 1863 — It was recorded from all three
stations. In the KasStela Bay, however, it occurred more rarely with only
3.43%s of the total number of this species. It was somewhat better represented
at »Pelegrin« with 43.8%. The highest numbers were recorded from »Ston-
&ica« (52.8%0).

It was rarely recorded from the bay, on only six occasions. It was recor-
ded from 73%0 of Pelegrin samples and from 90% of Stondéica samples.

Their percentage proporticn in the total number of copepods increases
{rom the inshore waters towards the open sea, from 0.05 to 1.08 and 1.93.

NANNOCALANUS MINOR (CLAUS)
KASTELA BAY

MONTH 1 2 3 4 5 6 7 8 T [ TR & R
1970 0 0 — — 0 0 0 0 0 0 5 0
1971 0 0 0 0 0 20 0 0 0 0 0 20
1972 5 0 0 0 0 0 0 0 0 0 0 20
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 0

PELEGRIN

MONTH 1 2 3 4 5 G 7 8 9 10 11 12
1970 40 150 70 10 10 10 3 3 3 40 60 10
1971 0 3 3 0 0 0 3 0 3 100 10 0
1972 0 80 0 0 3 0 10 10 0 3 10 10
1973 10 3 3 20 0 10 10 0 0 10 40 3
1974 10 3 10 0 0 10 8 10 10 30 2 20

STONCICA

MONTH 1 L 3 4 5 i 7 8 9 10 11 12
1970 63 21 14 35 14 14 21 7 28 28 21 0
1971 2 0 10 7 51 7 7 AL | 7 9
1972 2 A4 2 o 21 0 7 7 28 42 21 28
1973 2 14 14F 2 0 7 7 7 2 14 751 91
1974 21 7 it oy, T 14 0 14 49 140 91 21
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PARACALANUS PARVUS (CLAUS)
KASTELA BAY

MONTEH 1 2 g ‘&' % & ¥ 8 % W 'm B
1970 60 20 — — 8 0 40 8 5 0 0 20
1971 0O 60 20 20 40 5 40 40 0 20 0 20
1972 120 0 20 40 100 260 40 40 0 5 0 40
1973 0 100 0 60 220 60 100 80 160 80 80 40
1974 120 40 20 100 60 8 20 40 40 20 40 0

PELEGRIN

MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 0 0 0 20 6 10 10 0 6 0 0 0
1971 10 20 30 10 4 20 0 0 1 10 3 0
1972 10 0 ¢ '8 o 8¢ & W '3 0 0 0
1973 0 ©0 50 30 30 40 10 0 30 10 0 0
1974 0 o0 10 10 6 9 10 30 10 o0 o0 0

‘ STONCICA

MONTH 17| 9, Wy O E & 7% € 9 W 11 1
1970 14 0 0 VR el R slpet TR SR i =
1971 B 14 B B8 T mb 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0
1972 0 0 7 0 2 0 0 14 7 0 0 0
1974 0 0 0 ¢ % 3B .0 1 ¥ 0 0 0

It occurred in the Kastela during colder months, at Pelegrin it is best
represented in February, October and November, and at Stonéica it is most
numerous in spring and autumn.

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

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

The highest number of individuals was recorded from »Pelegrin«.

Eucalanidae

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

5. Eucalanus attenuatus (DANA), 1849 — This high sea form was very
rarely recorded in small numbers. It was recorded from both stations only
in winter, in February and March.

6. Eucalanus elongatus (DANA), 1849 — It was recorded only occasionally
and in insignificant quantities. It occurred at Pelegrin and Stondéica mainly
up to August. Its numbers were somewhat higher at Stonéica in 1970.
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Paracalanidae

Two Paracalanidae species: Paracalanus nanus and P. parvus were found,
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 Kastela Bay where it made up 0.13% of the total copepod
numbers. Quantities recorded from Pelegrin and Stondica were quite insigni-
ficant.

8.. Paracalanus parvus (CLAUS), 1863 — This most numerous species of
Paracalanidae family was recorded from all three stations. The highest num-
ber of individuals was recorded from the Kastela Bay (69.13%0). Their number
was considerably lower at Pelegrin (26.30°0) and lowest at Stonéica (only
4.6%). Frequency of occurrence was, as well, reduced in the offshore direction,
that is it occurred in 79%0, 48%0 and 22% of the samples respectively.

It made up 2.15% of the total copepod number in the Kastela Bay, 1.31%
at Pelegrin and only 0.35%¢ at Stoncica.

The highest numbers of this species occurred at »Pelegrin« and »Ston-
¢ica« in spring.

Number of individuals varied from one year to another but it was not
significantly 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 insignificant in the coastal area. However, they occur-
red more frequently and in higher number in the open sea what is in agre-
ement with other reports from the Adriatic (Gamulin, 1939; Vukanié,
1971).

9. Calocalanus pavo (DANA), 1849 — Even though it was recorded from
all three stations its numbers were highest in the channel area (43.6%). It
was somewhat less numerous in the open sea (35.16%0) ond least numerous in
the inshore waters (21.19%o).

CALOCALANUS PAVO (DANA)
KASTELA BAY

MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 0 0 —_ — 0 0 0 0 0 20 100 20
1971 5 0 0 0 0 0 20 0 20 40 0 60
1972 40 0 0 0 0 0 0 0 0 0 60 0
1973 0 0 60 0 0 0 0 0 0 40 60 0
1974 5 0 0 0 0 0 0 0 0 40 80 5

PELEGRIN

MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970, 50 0 20 0 0 0 0 10 70 50 70 0
1971 10 10 20 0 0 10 10 20 20 20 50 0
1972 40 0 10 0 0 10 0 0 10 0 30 40
1973 30 0 0 0 0 0 0 0 20 70 330 0
1974 0 0 0 0 10 0 10 30 10 180 120
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STONCICA
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 7 21 0 0 % 21 7 21 14 7 28 14
1971 21 0 7 0 0 14 7 42 63 21 42 28
1972 0 0 0 0 7 0 0 7 21 35 21 56
1973 35 7 0 7 0 14 0 0 14 126 119 28
1974 14 14 7 0 0 0 0 7 28 42 14 35
ISCHNOCALANUS PLUMULOSUS (CLAUS)
KASTELA BAY
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 5 20 S — 0 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 40 0 40
1972 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 20 4 0
1974 0 0 0 0 0 0 0 0 0 0 0 5
PELEGRIN
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 20 3 30 0 0 30 3 0 0 30 20 60
1971 0 30 3 3 0 0 0 0 0 50 10 10
1972 0 0 0 0 3 0 0 0 20 20 20 10
1973 0 0 0 20 0 0 0 10 3 70 210 10
1974 30 0 (] 0 10 0 0 0 0 20 50 0
STONCICA
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 14 14 7 7 7 14 21 0 0 49 7 21
1971 0 0 2 0 0 0 7 21 28 84 14 0
1972 0 0 0 0 0 0 2 14 35 7 98 21
1973 7 0 0 0 0 0 0 0 7 21 42 21
1974 28 0 0 0 14 0 0 0 14 7 7 14

It occurred most frequently at Stonéica and its frequency decreased in
the onshore direction.

It made no more than 0.51% of the total copepod number in the coastal
waters, 1.68%0 in the channel area whereas it was rather numerous in the
open sea with 2.06%. No regular pattern of variations in number of indivi-
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 Stoncica its quanti-
ties were quite negligible.

11. Calocalanus stylimeris GIESBRECHT, 1888 — It was the rarest and

least numerous species of this family. Only several specimens were recorded
from Pelegrin and Stondica.

12.Ischnocalanus plumulosus (CLAUS), 1863 — It was rather rare, parti-
cularly in the Kastela Bay where its quantity was quite insignificant.
It was most frequent at Stonéica where almost half the samples contained

its individuals. Its percentage proportion in relation to other copepods was
also highest at this station (1.37%b).
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It was mainly recorded during the latter part of the year with the hig-
hest numbers from October o December.

13. Mecynocera clausi TITOMPSON, 1888 — This is the most numerous
species of the Calocalanidae iamily. It was rarest in the KaStela Bay where
it also occurred in smallest guantities. However, its percentage presence by
stations, frequency of occurreace and percentage proportion in the total num-
ber of copepods (even 3.5%) significantly increased in the offshore direction.

It occurred in much higher numbers from August to February particu-
larly at »Stoncica«.

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
KASTELA BAY

MONTH i % '3 % &8 £ % & 4 W' N B
1970 5 0 — — 0 0 0 0 0 0 20 40
1971 B 88 9 ¢ @ 8 6 @ @8 D 0 &
1972 5 0 0 0 0 0 5 2 490 0 0 2
1973 o 2 0 0 ©0 8 0 0 0 0 0 2
1974 20 o 0 0 © 0 ©0 0 0 0 8 20

PELEGRIN

MONTH ! 2 8 & 35 @® T 8 & 10 1u B
1970 100 0 40 30 10 40 30 0 20 20 30 40
1971 2 2 21 7 42 28 70 14 3 112 49 70
1972 4 3 10 0 40 2 30 30 2 40 20 20
1973 0 2 10 0 10 10 0 10 0 10 20 10
1974 20 20 20 10 0 2 10 10 8 3 10 30

STONCICA

MONTH 1 2 3§ <4 5 6 1 8 8 10 un 1n
1970 28 42 14 49 28 91 105 14 21 105 70 49
1971 2 2 21 7 4 28 70 14 3 113 49 70
1972 14 14 7 0 21 4 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 3 0 T 35 14 2 3

CLAUSOCALANUS LIVIDUS FROST AND FLEMINGER

PELEGRIN

MONTH IUR SRNT- FRN NS SR i AR EUR R TS S
1970 20 40 60 0 10 0 0 0 0 0 0 0
1971 20 5 60 2 10 0 0 0 0 0 0 10
1972 ¢ 3 e 08 e B R B a Bl 0
1973 3 0 10 140 0 3 0 0 0 10 0 0
1974 1 o o0 o0 ©0 0 ©0 0 ©0 0 0 0

STONCICA

MONTH el PRI B TR S TR B BRI DS T R
1970 il NN DN SN BRI T TR Paae G Bl B
1971 7 0 49 49 14 0 28 0 0 7 7T 7
1972 2.9 .8, % 2 3 9.0 & & 06 1
1973 4 14 0 7 14 0 7T 0 0 2 7T 0
1974 6 7.8 B R TRTR S e e R
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Pseudocalanidae

Species of genus Clausocalanus belong to this family. After the recent revi-
sions eight species of this genus were recorded from the southern Adriatic
(Hure and Scotto di Carlo, 1970), eight from the middle Adriatic. A
total of 13 species was determined in the Mediterranean (Frost and Fle-
minger, 1968). i

14. Clausccalanus mastigophorus (CLAUS), 1863 — It was rather rare
occurring in small numbers. It was not found in the Kastela Bay; small
numbers of individuals were recorded from Pelegrin and Stondica rather
frequently.

its quantity in the total copepod quantity was quite insignificant at both
stations.

Annual variations showed higher number of individuals in autumn. Max-
ima were recorded both from Stonédica and Pelegrin in November.

Number of individuals was gradually reduced over the five-year period.

15. Clausocalanus lividus FROST and FLEMINGER, 1968 — This species
was more frequently recorded than the preceding one. Its number of indivi-
duals was also higher. No specimen was recorded from the coastal area. It was
somewhat more numerous at Pelegrin than at Stondica. 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
al Pelegrin (48.76%0).

It was recorded from 79% of the samples in the Kastela Bay and from
as high as 90% of the samples at other two stations.

CLAUSOCALANUS ARCUICORNIS (DANA)
KASTELA BAY

MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 40 20 — — 80 20 40 20 0 180 60 20
1971 20 0 20 20 20 20 40 40 60 20 20 20
1972 60 100 20 40 20 0 60 80 60 20 0 60
1973 0 0 20 20 220 0 20 160 280 0 60 20
1974 20 0 5 80 20 0 40 0 0 160 80 80

PELEGRIN

MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 50 60 110 70 80 30 60 100 10 10 90 50
1971 20 20 50 80 30 0 0 0 0 40 10 40
1972 20 60 90 20 0 190 10 0 150 5 80 0
1973 20 0 20 0 0 20 70 20 30 0 0 10
1974 0 30 50 50 50 40 50 0 50 30 140 40

STONCICA

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

1970 56 14 42 21 42 0 7 7 14 42 35

1972 71 4 91 14 126 133 42 21 49 42 28 14
1973 42 42 133 154 14 196 70 245 112 21 56
1974 70 133 70 217 154 182 42 21 42 7 0 28

7

1971 0 0 28 21 70 14 42 0 21 21 7 28
2
0
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CLAUSOCALANUS JOBEI FROST AND FLEMINGER

KASTELA BAY

MONTH 1 2 3 4 5 6 7 8 9 10 11 12
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 0 20 80 20 40 0 60 5 180 20
1973 0 0 80 0 0 60 40 120 0 60 20 0
1974 0 0 0 0 20 0 0 0 5 0 200 40

PELEGRIN

MONTH i1t 2 3 4 Bl 6 '} 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 © 30
1972 20 60 90 20 0 190 10 0 150 5 80 0
1973 20 0 20 0 0 20 70 20 30 0 0 10
1974 0 30 50 50 50 40 50 0 50 30 140 40

STONCICA

MONTH 1 2 3 4 5 6 ) 8 9 10 11 12
1970 21 28 42 70 98 91 182 196 112 147 28 7
1971 35 0 21 84 28 35 98 21 42 28 56 42
1972 0 K 0 7 63 56 35 56 140 63 63 21
1973 0 i 35 98 84 35 7 56 14 14 14 14
1974 21 42 21 28 7 441 63 28 49 7 0 49

It made up 1.94% of the total copepod number in the coastal area, and
6.72 and 6.01%0 respectively at Pelegrin and Stonéica. 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 — It was more
numerous than the preceding copepod and similarly distributed. It was -
recorded from all the stations with the highest percentage of individuals in
the channel area (56.91%0).

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
2.62%0 of the total number of individuals in the KaS$tela Bay, 5.89% at Pele-
grin and 10.66%0¢ at Stonc¢ica. It was best represented at all the stations from
June to October. It maximum was recorded at »Pelegrin« in March.

Its numbers considerably decreased at all the stations during the time
of our investigations.

18. Clausocaleanus pergens FARRAN, 1926 — It was recorded from ail
three stations, its number of individuals increasing from the inshore area
towards the open sea.

It occurred in small number in the Kastela Bay wherefrom individual
specimens were occasionalyy recorded. It was more frequent at Pelegrin and
Stondica, its numbers somewhat higher from April to June. Its quantites
were quite insignificant.
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19. Clausocalanus parapergens FROST and FLEMINGER, 1968 — It
occurred rarely and in small number, particularly in the Kastela Bay. Its
quantities were quite insignificant and its percentage proportion in the total
copepod number was highest at Stonéica (0.72%). The highest numbers were
recorded in spring.

20. Clausocalanus paululus FARRAN, 1926 — Higher number of indi-
viduals was recorded only from the open sea. It occurred in small numbers
of individuals and only occasionally at station in the channel area. No
specimen was recorded from the Kastela Bay.

Its' quantites were insignificant. Its highest percentage proportion in
relation to other copepods was recorded from »Stonéica« (0.68%).

21. Clausocalanus furcatus (BRADY), 1883 — Considerable numbers of
this species were recorded from all the stations. Highest numbers were
recorded from Pelegrin (41.88%0 of the total number of individuals recorded).
Frequency of occurrence was allso highest at this station since it was recorded
from 819 of the sampies.

It made up 2.35% of the total copepod number in the Kastela Bay,
4.65%0 at Pelegrin and 4.09%0 at Stoncica. Its percentage proportion increased
in the offshore direction.

22. Ctenocalanus wvanus GIESBRECHT, 1888 — It was distributed at
all the stations. Its percentage presence was highest at Pelegrin (38.87%).

Its frequency was very high at all the stations exceeding 90%b.

Great numbers of individuals were recorded from all the stations. It
counts among the quantitatively dominant species. Its percentage proportion
in the total number of copepods was 9.35% in the Kastela Bay, as high as
15.38%0 at Pelegrin and 14% at Stondica.

It occurred in greater numbers mainly in spring and summer.

CLAUSOCALANUS FURCATUS (BRADY)
KASTELA BAY

MONTH 1 2 3 4 & 6 7 8 9 10 11 12
1970 20 0 — — 0 0 0 20 20 160 340 0
1971 20 0 0 0 0 0 0 60 100 20 520 20
1972 0 0 5 5 20 0 0 0 0 160 440 20
1973 0 0 0 0 60 0 40 0 0 180 440 80
1974 0 0 0 0 0 20 20 20 240 0 60 20

PELEGRIN

MONTH 1 2 3 4 b 6 7 8 9 10 11 12
1970 370 40 100 10 30 50 0 0 50 40 30 0
1971 30 30 0 10 10 10 40 10 130 120 110 0
1972 160 50 30 10 20 60 40 10 10 140 80 130
1973 10 20 20 30 60 0 60 20 80 30 340 90
1974 30 60 10 0 0 40 40 20 470 220 250 10

STONCICA

MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 14 21 0 14 it 42 28 28 7 56 28 91
1971 0 0 21 0 21 7 28 7 21 56 35 21
1972 . 14 0 28 0 28 231 49 154 91 98 140 63

1973 28 42 21 0 0 7 7 14 14 21 196 21
1874 - T 14 0 0 0 0 14 112 21 231 28 0
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During our investigations its numbers were increased at all the stations,
particularly in the Kastela Bay.

CTENOCALANUS VANUS GIESBRECHT
KASTELA BAY

MONTH 1 2 3 4 b1 6 7 8 9 10 11 12
1970 520 60 — — 440 220 400 240 60 20 160 20
1971 0 40 20 60 40 60 20 140 20 0 5 120
1972 340 340 0 260 500 60 3560 480 120 0 0 140
1973 60 60 140 380 380 40 340 660 580 60 100 20
1974 880 120 320 1060 60 230 200 280 60 100 340 480

PELEGRIN

MONTH 1 2 3 4 5 G ki 8 9 10 11 12
1870 110 60 640 1240 370 230 270 G0 10 30 90 150
1971 20 0 160 210 230 60 70 30 20 10 0 3
1972 180 340 630 400 140 350 220 120 180 160 130 80
1973 140 180 90 1180 150 960 290 270 270 290 40 230
1974 100 180 290 430 150 240 50 30 _ 0 100 0 60

STONCICA

MONTH 1 2 5] 4 5 6 7 8 9 10 11 12
1970 273 70 154 98 238 91 49 35 188 28 42 14
1971 42 14 42 133 i 4 84 42 28 35 7 21 i
1972 105 56 280 63 301 343 14 63 49 14 133 56
1973 98 70 161 441 154 84 203 301 98 140 21 133
1974 2 i 196 427 140 405 203 0 266 126 28 28

Aetidaeidae

Three species of this family were recorded. However, they occurred
sporadically and in very small numbers. There is no record from ‘the
coastal area.

23. Aetidus armatus (BOECK), 1872 — Several individuals only were
recorded from Pelegrin and somewhat higher number from Stonéica. However,
its quantity was insignificant in relation to the total copepod number.

24. Euaetidus giesbrechti (CLEVE), 1904 — Like the preceding species
it was recorded from Stonédica only occasionally and in small numbers of
individuals. It was somewhat more numerocus at Stonéica, however its guan-
tity was insignificant in relation to the total copepod quantity.

Euchaetidae

Four species of this family were rarely recorded. Somewhat higher
number of individuals was found at the open sea stations. With the exception
of E. hebes there was no record of this family from the Kastela Bay.

25. Euchaeta acuta GIESBRECHT, 1892 — Several individuals only were
recorded from Stondica.

26. Euchaeta hebes GIESBRECHT, 1888 — This species occurred rarely
and in small number of individuals in the coastal area. Its quantity gradually
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increased towards the open sea thus that it was rather numerous at Stondéica
Its frequency was considerably increased in the offshore direction. Thus even
though it was recorded from the Kastela Bay on only three occasions it was
recorded from more than 50°% of the samples at Stonéica.

EUCHAETA ACUTA GIESBRECHT

STONCICA
MONTH 1 D 3 4 5 6 T 8 9 10 11 1
1970 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 0 0 2 2 0 0 0 14 0 ) 0
1972 0 2 0 0 0 0 0 0 0 0 7 0
1973 2 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 0 0 0 0 ¢
EUCHAETA HEBES GIESBRECHT
KASTELA BAY
MONTH 1 2 3 4 5 ¢ 7 8 ] 10 11 i2
197¢C 0 0 0 0 0 0 0 0 0 0 0 o
1971 0 0 0 5 0 0 0 0 0 0 0 0
1972 0 0 5 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 20 0 0 0 0 0 0 0
PELEGRIN
MONTH 1 2 3 4 5 6 7 8 9 10 14 12
1970 3 10 20 10 70 3 3 3 0 3 0 3
1971 10 3 3 20 3 10 3 0 3 0 0 10
1972 10 3 20 70 0 0 0 0 3 70 3 10
1973 3 10 0 10 0 0 0 0 0 0 0 10
1974 0 0 0 0 10 3 0 0 0 0 0 0
STONCICA
MONTH 1 ) 3 4 5 6 f 8 9 10 11 12
1970 21 /g 7 n 21 63 35 0 2 0 7 0
1971 2 0 2 2 0 2 7 14 14 7 7 2
1972 2 0 42 14 21 0 9 0 28 42 70 0
1973 7 2 0 7 0 2 7 p) 2 2 2 7
1974 0 0 T 7 7 7 0 0 7 5 9 0

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

28. Euchaeta spinosa Giesbrecht, 1892 — It counts among the rarest
copepods. It was recorded only once from Pelegrin and twice from Stondica
during the time of our studies.

Scolecithricidae

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

29. Scolecithrix bradyi GIESBRECHT, 1888 — Few individuals were
recorded from »Pelegrin« and somewhat more from Stondica. Quantitatively
insignificant.
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30. Scolecithricelle dentata (GIESBRECHT), 1892 — Its mumber was
small at Pelegrin wherefrom it was rarely recorded. However, at Stoncica
it was more frequently recorded and in higher number of individuals.

31. Scolecthricella tenuiserrata (GIESBRECHT), 1892 — About 60 indi-
viduals were recorded from the channel area and about 60 individuals from
the open sea station.

Diaixidae

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

32. Diaxis pygmea (T. SCOTT), 1889 — Its highes percentage presence
was recorded from the Kastela Bay, 73.17% of the total number of individuals
of this species.

Since it was recorded from more than 50% of the samples at this station
its frequency is also highest there.

Its quantity is not significant in the total copepod number, since in the
Kastela Bay, where its number is highest, its proportion did not exceed 0.63%b.

DIAIXIS PYGMAEA (T. SCOTT)
KASTELA BAY

MONTH i 2 3 4 5 6 7 8 9 10 11 12
1970 60 0 — — 0 5 0 20 0 0 100 40
1971 5 5 5 0 0 0 0 0 0 5 5 5
1972 20 20 5 5 20 0 5 60 5 5 40 20
1973 0 40 20 0 60 0 0 60 0 0 0 0
1974 5 0 20 60 20 20 0 20 20 0 20 0

PELEGRIN

MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 3 0 0 0 10 0 0 10 0 0 0 0
1971 0 3 0 30 3 3 0 0 3 0 0 3
1972 0 10 3 0 0 0 0 0 0 3 0 3
1973 10 0 0 0 0 3 0 0 0 0 0 0
1974 0 0 0 0 3 10 3 10 10 10 0 0

STONCICA

MONTH 1 2 3 4 5 6 7 8 g W 1 12
1970 14 7 7 7 0 0 0 0 0 0 0 7
1971 0 2 14 0 0 7 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 2 0 0 0
1973 2 0 0 14 0 7 0 T 0 0 0 7
11974 2 0 W 0 7 i 4 21 0 7. 0 0 7

Centropagidae

This 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 ocurring in small numbers.

33. Centropages typicus KROYER, 1849 — Its percentage proportion
of 53.7% of the total number of recorded individuals is highest in the
coastal area.
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It was almost constantly present at all the stations, its absence some-
what more frequently recorded from the open sea.

It made up as high as 16.25% of the total copepod number in the Kastela
Bay and 17.84% 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 Kastela Bay, while it slightly increased at other two stations from
1970—1974.

CENTROPAGES TYPICUS (KROYER)

KASTELA BAY

MONTH 1 2 3 4 5 6 / 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 i 2 3 4 5 6 7 8 9 10 11 12
1970 80 80 220 280 290 230 320 90 80 60 0 3
1971 10 10 180 180 630 60 150 220 1800 70 140 0
1972 210 70 90 440 100 190 380 110 280 20 40 0
1973 70 110 130 990 560 1440 730 130 400 60 20 10
1974 50 270 190 230 240 1280 530 100 0 20 90 30

STONCICA

MONTH I 2 3 4 5 6 7 8 9 10 11 12
1970 91 0 0 0 21 63 49 196 56 42 0 14
1971 7 56 0 63 112 35 84 0 7 14 0 21
1972 0 21 14 0 35 133 126 91 28 0 0 42
1973 28 10 560 1330 210 350 1750 560 4830 140 140 2
1974 2 63 49 112 189 399 413 14 91 7 7 35

34. Centropages kroyeri GIESBRECHT, 1892 — Making up even 99.4%p
of the total number of recorded individuals this copepod was the best repre-
sented copepod in the Kastela Bay. :

Its frequency of occurrence was highest at this station (occurring in more
than 75% of the samples). Only several individuals were occasionally found
at other stations. As to the quantity, this species counts among the dominant
Kastela Bay copepods where it makes up 15.08% of the total copepod numbers.
Its numbers were highest in autumn. Its quantities were insignificant at
Pelegrin and Stoncica.

35. Centrogapes violaceus (CLAUS), 1863 — It occurred at all the sta-
tions 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 0 240 260 60 420 40
1971 20 100 160 160 20 120 3100 140 480 2380 200 80
1972 180 340 120 0 20 700 120 180 120 720 0 0
1973 90 30 10 40 20 20 30 80 360 1060 440 60
1974 140 460 0 180 0 0 80 700 2480 380 120 60

PELEGRIN

MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 0 0 0 0 0 0 0 0 10 0 0 0
1971 0 0 0 0 0 0 0 0 0 20 3 0
1972 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 35 0 0 0 0 0

STONCICA

MONTH 1 2 3 4 5 6 7 8 9 10 11 i2
1970 0 0 0 0 0 0 0 0 0 0 0 0
1971 0 35 0 1 0 0 0 0 0 0 0 0
1972 0 0 0 0 0 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 0 0 0 0 35 0 0 0 0

36. Isias clavipes BOECK, 1864 — It is rather of interest that this
species was much more numerous in the KaStela Bay during some earlier
investigations, from 1960—1969 (Regner, D., 1970) than recently. It was
found in highest percentages in the Kastela Bay, however rare and occurring
in insignificant quantities at this and other two stations.

Temoridae

Two species of this family were recorded. T. stylifera is widely distributed.
Adriatic species and counts among the most numerous copepods. However,
T. longicornis is rather rare and occurs in small numbers. Only sporadical
records of this species have been reported.

37. Temora stylifera (DANA), 1848 — Its highest percentage presence
was recorded from the coastal station where it made up 56.44% of the total
number of collected individuals.

It was almost continuously present at all three stations, that is in 86 to
90%0 of the samples.

It made up the highest percentage proportion in the total number of
copepods (12.79%) in the KaStela Bay. However, at Pelegrin and Stondica
these percentages were as well high, 10.79 and 7.41% respectively. Maximum
numbers were recorded in summer and autumn.

38. Temora longicornis (MULER), 1792 — It occurred occasionaly at
all the stations and in small number of individuals.

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

MONTH 1 2 3 4 5 6 T 8 9 10 11 12
1970 40 20 — — 5 20 400 320 1980 1400 460 20
1971 5 60 40 20 20 120 120 620 1520 440 180 40
1972 20 0 40 60 220 400 500 480 820 180 460 80
1973 20 0 0 0 40 0 600 960 1340 580 40 60
1974 5 5 60 0 0 0 140 260 700 160 520 420

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 0 30 30 30 30 10 100 270 270 190 110 20
1972 10 60 100 30 0 190 60 0 350 200 110 150
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 3 6 7 8 9 10 i1 12
1970 91 28 21 28 ¥ i 8 35 175 210 m 35 28
1971 49 21 14 0 35 21 84 84 98 196 0 35
1972 28 14 7 0 7 21 717 84 63 70 42 77
1973 42 i 49 42 0 21 7 28 182 455 98 21

1

1974 7 28 0 21 2 119 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 Kastela Bay, and only few individuals were recorded from Pelegrin
and Stondica.

40. Pleuromamma gracilis (CLAUS), 1863 — It was recorded only once
from the coastal area. Going offshore its frequency of occurrence increased
thus that it was found in more than 50% of the samples collected from
»Stondica«. )

The number of individuals also increased going towards the open sea
where it made up 0.97% of the total number of copepods.

Its quantities 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 while
the other two species were slightly more frequent even though ocecurring in
small numbers. The number of individuals increased in the offshore direction.
However, their quantities were not significant at »Stonéica« either.

41. Lucicutia clausi (GIESBRECHT), 1889 — Only two individuals were
found at »Stondica« in December 1974.

42. Lucicutia flavicornis (CLAUS), 1863 — It occurred rather frequently
and in small number of individuals. It was recorded from the Kastela Bay
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from time to time, in more than 50% of the samples at Pelegrin and in
almost all the samples at Stondica.

Its quantities were quite insignificant in the coastal and channel area,
while it made up 1.76%0 of the total number of copepods in the open sea.

43. Lucicutia ovalis WOLFENDEN, 1906 — This rather rare species occur-
red in small numbers only at »Pelegrin« and »Stoncica«. Its quantities were
insignificant.

Heterorhabdida

Two species of this family were noted at »Pelegrin« and »Stondica«.

44, Heterorhabdus papilliger (CLAUS), 1863 — Small number of indivi-
duals was occasionally recorded. Even though its numbers were somewhat
higher at »Stonéica« 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 »Stondica«.

Augaptilidae

Only one species of this family was found at »Pelegrin« and »Stoncica«.
There were no records from the coastal 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 0.55%o.

HALOPTILUS LONGICORNIS (CLAUS)

PELEGRIN
MONTH 1 2 3 4 5 6 g 8 9 10 11 12
1970 0 0 0 0 20 0 0 0 0 0 0 0
1971 0 0 0 0 0 0 0 0 0 0 0 3
1972 0 10 0 0 0 3 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 0 10 0 0 0 0 0 0 0 0

' STONCICA
MONTH 1 2 3 4 3 6 7 8 9 10 11 12
1970 14 0 £ 21 21 7 28 0 21 0 14 84
1971 0 0 0 0 0 0 0 0 0 0 7 14
1972 0 0 (1] 0 0 0 14 2 0 2 0 2
1973 0 2 0 0 0 0 2 0 T 7 0 0
1974 0 0 0 0 0 0 7 0 0 7  § 0

Candaciidae

All of the eight species of this family occurred rarely and in small numbers
with the exception of Candacie armata and Paracandacia simplex species.
Few individuals of other six species were recorded mainly from »Pelegrin«
and »Stonéica«.
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47. Candacia aethiopica (DANA), 1848 — Only three individuals were
recorded from »Pelegrin« in 1972,

48. Candacia armata (BOECK), 1872 — It was best represented species
of this family, recorded from all three stations. Its percentage of the total
number of individuals was lowest at »Ston&ica« — 15.17%. It was found in
about 50%0 of the samples from the coastal and open sea areas, and in about
70% of the samples from the channel area.

Its numbers were lowest in the open sea, exceeded considerably by those
in the Kastela Bay and Pelegrin at which their numbers were almost the same.

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

Its number of individuals showed slight decrease both in the coastal
area and in the channel one throughout the period of investigations.

CANDACIA ARMATA (BOECK)
KASTELLA BAY

MONTH 1 2 3 4 ] 6 7 8 g 10 11 12
1970 20 20 — - 5 20 0 20 0 0 40 20
1971 5 5 0 0 0 5 20 5 0 20 5 40
1972 80 20 5 20 20 0 5 0 40 5 0 40
1973 20 0 0 0 20 0 5 0 40 0 5 0
1974 0 5 0 0 0 0 20 0 0 0 5 0

PELEGRIN

MONTH 1 2 3 4 5 6 7/ 8 9 10 11 12
1970 3 30 80 50 10 10 3 0 3 0 0 3
1971 10 20 3 20 0 10 0 0 0 0 3 0
1972 10 10 30 10 10 10 10 0 10 10 0 10
1972 10 10 30 0 0 10 50 0 10 30 0 10
1974 10 10 10 0 0 10 0 0 20 3 3 20

STONCICA

MONTH 1 2 3 4 ] 6 7 8 9 10 11 i2
1970 0 0 T 7 7 0 2 14 0 0 ] 0
1971 2 2 7 2 0 0 2 0 0 0 9 28
1972 7 0 0 21 0 0 0 0 2 0 2 0
1973 2 2 0 2 0 0 7 7 % 7 2 0
1974 7 14 7 14 14 0 7 0 0 i U 0

49. Candacia bipinneta (GIESBRECHT), 1889 — About 50 individuals
were recorded from »Pelegrin« in 1970.

50. Candacia elongata (BOECK), 1872 — It was recorded on only one
occasion from the open sea station.

51. Candacia tenuimana (GIESBRECHT), 1889 — Only few individuals
were recorded from »Pelegrin« and »Stonéica«.

52. Candacia varicans (GIESBRECHT), 1892 — Seven individuals were
recorded from the open sea station.

53. Paracendacia bispinose (CLAUS), 1863 — Only occasionally recorded
from the open sea station.

54. Paracandacia simplex (GIESBRECHT), 1889 — It occurred in small
numbers at »Pelegrin« and »Stondica«. Its quantities quite insignificant.
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Pontellidae

All five species of this family were rather rare and occurred in small
numbers. Pontella lobiancoi was somewhat more numerous but quite insigni-
ficant among the other copepods.

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

56. Pontella lobiancoi (CANU), 1988 — Small numbers occasionally 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 in the Kastela Bay.

59. Pontellopsis regalis (DANA), 1849 — Only two individuals were recor-
ded from the open sea station in January 1970.

60. Pontellina plumate (DANA), 1849 — Only few individuals of this
rare species were found at »Pelegrin«.

Acartiidae

Four species of this family were recorded during our investigations.
Acartia clausi was continuously present in all the samples. It counts among
the quantitatively dominant copepods in the coastal area. Other species of
this family were sporadically recorded and in small numbers.

61. Acartia clausi GIESBRECHT, 1889 — This widely distributed surface
species was recorded from all the stations. However, its percentage proportion
in the total number of recorded individuals, which amounted to 83.31%, 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 66
of the »Stondica« samples.

ACARTIA (ACARTIURA) CLAUSI GIESBRECHT
KASTELA BAY

MONTH 1 2 3 4 5 6 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 0 0 0
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

MONTH 1 2 3 4 5 6 7 8 9 10 11 1
1970 0 80 0 110 140 30 10 0 10 0 0 10
1971 0 40 70 80 110 40 20 20 3 10 30 0
1972 70 10 50 30 100 130 170 350 20 0 0 0
1972 10 30 150 0 120 40 420 80 40 20 0 10
1974 170 120 1750 30 10 240 100 90 10 40 0 0
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STONCICA
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 21 7 0 7 7 42 7 0 0 0 0 0
1971 2 259 35 14 42 21 0 7 7 i 0 20
1972 0 14 0 0 7 533 21 28 0 0 0 28
1973 35 42 0 63 0 42 28 56 i 2 7 7
1974 14 28 49 14 217 0 14 7 0 0 7 6

The mumber of individuals rapidly decreased in the offshore direction.
It counts among the dominant copepods in the Kastela Bay, where it made
up about 1/5 of their total numbers. Its percentage proportion in the total
copepods was also reduced going towards the open sea. However, it was
relatively significant at »Pelegrin« with 5.16% and at »Stonéica« with 3.39%.
The numbers of this species were higher in winter and spring.

It is of interest to point out that the number of individuals continuously
increased throughout the perjiod of investigations.

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

63. Acartia adriatice, STEUER, 1910 — It was recorded only from the
channel area in November 1970. It is rare Adriatic copepod.

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

Oithonidae

Three species of this famidy were determined. They are listed under the
common genus name.

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

OITHONA SP.
KASTELA BAY
MONTH 1 2 3 4 5 6 i 8 g 10 1 1
1970 40 60 — — 160 320 60 280 220 100 180 180
1971 60 130 20 20 40 120 60 220 180 80 0 340
1972 80 140 40 120 80 440 280 340 100 60 0 20
1973 140 0 60 40- 0 120 420 360 120 20 0 0
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 30 170
1972 90 170 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
MONTH 1 2 3 4 5 6 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 0 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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Frequency of occurrence was also high at all the statioms.

The species 65. Oithona nana GIESBRECHT, 1892 was most numerous
in the Kastela Bay. Percentage proportion of the species 66. Oithona helgo-
lendica (CLAUS), 1863 and 67. Oithone plumifera BAIRD, 1843 increased
going towards the open sea.

Ectinosomidae

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

68. Microsetella 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 Kastela Bay and twice from Pelegrin
and Stondica.

Macrosetellidae

69. Macrosetella gracilis (DANA), 1852 — It is the only species ol this
family. It occurred at all the stations but rarely and in small numbers. Its
numbers were somewhat higher in the Kastela 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
insignificant.

Clytemmnestridae

71. Clytemnestra rostrata (BRADY), 1883 — It is the only species of
this family. Small number of individuals 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 wvenusta PHILIPPI, 1843 — It was recorded from time to
time and in smaill numbers from all the stations.

73. Oncaea mediterranea (CLAUS), 1863 — Frequency, number of indi-
viduals and percentage proportion of this species considerably increased going
towands the open sea. However, its quantities were insignificant at »Ston-
Cica«, either.

74. Onceea media GIESBRECHT, 1891 — It is one of the best represented
species of this family. It occurred at all the stations and in greatest numbers
in the open sea.
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75. Oncaea dentipes GIESBRECHT, 1892 — Only few individuais were
recorded from »Kastela Bay« and »Pelegrin«.

76. Oncaea subtilis GIESBRECHT, 1892 — It was recorded from all three
stations. The highest number of individuals occurred in the coastal waters
at the »Kastela Bay« station.

ONCAEA SP.
KASTELA BAY
74 MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 5 0 — - 0 20 hoo2 % 0 0 0
1971 0 0 0 0 0 20 0 20 60 0 0 20
1972 5 20 5 0 20 0 5 0 0 20 0 5
1973 40 40 5 40 0 0 0 0 0 0 0 0
1974 0 0 20 0 0 0 0 40 0 0 20 20
PELEGRIN
MONTH 1 2 % 4 5 6 7 8 9 10 11 12
1970 80 30 120 40 10 70 60 160 40 20 0 80
1971 10 3 50 3 20 60 10 2 20 20 0 0
1972 10 20 30 30 120 30 40 30 60 20 80 90
1973 130 20 0 40 40 40 20 40 100 130 D70
1974 50 10 40 10 10 10 20 10 20 20 10 0
STONCICA
MONTH 1 2 3 4 5 6 7 8 g 158 11 12
1970 42 14 49 42 35 70 70 98 140 84 59 35
1971 28 2 28 43 7 35 28 28 0 28 56 7
1972 35 21 35 14 35 56 84 154 63 21 133 56
1972 49 63 28 98 28 7 49 112 196 217 7T 49
1974 133 35 14 42 35 84 21 56 56 21 49 21
KASTELA BAY
76 MONTH 1 2 3 4 5 6 ¥ 8 8 W B B
1970 20 B, e 0 80 0 40 20 5 60 20
1971 5 0 20 5 20 120 20 80 140 80 5 5
1972 20 5 0 0 20 20 5 20 60 5 0 20
1973 0 0 20 0 0 0 80 0 0 100 40 0
1974 20 20 20 8 20 0 5 160 5 20 2 20
PELEGRIN
MONTH 1 2 2 4 5 6 7 8 9 10 11 12
1970 30 30 110 120 20 30 3 20 10 2 9 30
1971 20 30 20 0 20 20 10 0 3 8 50 20
1972 20 50 10 20 50 30 10 10 70 10 30 0
1973 30 20 10 40 0 0 20 10 10 50 10 20
1974 50 70 70 40 40 0 20 0 10 20 70 40
STONCICA
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 63 0 7 21 0 7 7 21 98 77T 21 28
1971 28 0 4 7 28 28 21 133 7 28 35 35
1972 7 42 21 {14 21 42 28 28 14 21 35 35
1973 35 14 14 42 0 28 7 2 7 42 7 63
1974 7 35 35 105 21 42 28 7T 14 42 28 0

77. Lubbockia squillimana CLAUS, 1863 — Its frequency increased going
offshore. The number of individuals and percentage proportion among the
other copepods was considerably high at »Pelegrin«,
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78. Pachos punctatum (CLAUS), 1863 — Only three individuals of this rare
spccies were noted at »Pelegrin« in October 1970.

Sapphirinidae

A total 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
34. Sapphirina opalina DANA, 1849

33. Sapphirina sali FARRAN, 1929

Other species of this family are given in tables under common genus
name. They occurred occasionally and in small numbers. Their frequency
and numbers increased going towards the open sea.

Corycacidae

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

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

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

90. Corycaeus typicus (KROYER), 1849 — It is widely distributed species

recorded throughout the study area. It occurred in almost the same numbers
~al all three stations (from 30.61%0 to 34.70%).

Its frequency increased going towards the open sea. In the Ka$tela Bay
it was recorded from more than half the samples.

Its quantities were highest of all the species of Corycaeus genus deter-
mined during our investigations. The number of individuals increased going
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
going towards the open sea reaching 3.23% at »Stoncica«.

No regular variation pattern could be established during our investiga-
tions since the number of individuals was alternatively reduced and increased.

91. Corycaeus flaccus GIESBRECHT, 1891 — Its percentage proportion
was highest in the open sea where it made up 50.5% of the total mumber
ol recorded individuals.
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Its frequency suddenly increased at the channel station, where its
quantity increase was also noted. In addition, its percentage proportion
in the total copepod numbers wal also increased reaching 1.48°/p at Stomdica.

CORYCAEUS (AGETUS) FLACCUS GIESBRECHT
KASTELA BAY

MONTH 1 2 3 4 5 6 T 8 9 10 11 12
1970 20 0 — — 0 0 0 0 5 0 0 20
1971 0 0 0 0 0 0 0 0 0 20 0 0
1972 0 0 0 0 5 0 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 0 0
1974 0 0 20 20 0 0 0 0 0 0 0 0

PELEGRIN

MONTH 1 2 3 4 9 6 7 8 9 10 11 12
1970 30 20 60 0 10 10 20 10 10 3 3 3
1871 0 30 10 20 20 0 10 50 0 0 40 0
1972 20 40 3 0 0 0 0 3 3 20 3 0
1973 10 10 0 0 20 50 0 10 0 0 10 3
1974 10 3 10 10 10 20 20 0 0 3 20 10

STONCICA

‘MONTH 1 2 3 4 o 6 i 8 9 10 11 12
1970 14 i 42 7 7 21 7 7 21 49 21 7
1971 0 0 14 0 0 0 0 7 7 0 0 0
1972 0 28 7 7 7 0 7 2 21 0 2 14
1973 42 0 7 7 0 0 7 14 7 28 14 42
1974 28 42 14 21 7 42 21 7 42 21 42 28

92. Corycaeus giesbrechti DAHL, 1849 — This species was recorded only
once from the Kastela Bay and from Pelegrin, and on four occasions from
»Stondica«.

93. Corycaeus latus (DANA), 1849 — It occurred only occasionaliy and
in smali numbers. Its numbers were highest at Pelegrin, however insignifi-
cant.

54. Corycaeus ovalis CLAUS, 1863 — Only few individuals were recorded
from each of the stations. The smallest numbers were found at Pelegrin.

95. Corycaeus anglicus LUBBOCK, 1855 — It was recorded on two occa-
sions from »Pelegrin«, in 1972 and 1974.

96. Corycaeus brehmi STEUER, 1910 — It was recorded throughout the
study area. Its percentage proportion in the total number of recorded indi-
viduals was highest in the Kajtela Bay (58.13%b).

It was found in slightly more than half the samples 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
individuals was gradually reduced going offshore.

It made up 1% of the total copepod numbers in the Kastela Bay. Going
offshore this proportion was reduced and insignificant.
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97. Corycaeus furcifer CLAUS, 1863 — It was very rare in thes coastal
area, present in about 1/3 of the samples in the channel area and in more
than 70% in the open sea.

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

The lowest number of individuals was recorded in summer.

CORYCAEUS (DITRICHOCORYCAEUS) BREHMI STEUER
KASTELA BAY

MONTH i 2 3 4 5 G 7 8 9 10 11 12
1970 20 0 — — 80 60 20 40 100 0 60 20
1971 0 0 0 0 0 100 100 0 0 0 0 0
1872 0 5 5 5 40 0 20 60 0 0 0 0
1973 0 0 0 20 20 0 20 120 140 0 40 0
1974 0 0 5 40 20 0 0 20 60 40 40 20

PELEGRIN

MONTH 1 2 3 4 5 6 7 8 9 10 11 12
1970 10 3 60 0 20 50 0 0 0 20 3 0
1971 0 0 10 10 10 10 19 0 10 0 10 3
1972 0 10 0 0 0 30 10 0 0 0 10 10
1973 20 0 10 0 0 60 0 0 10 30 10 0
1974 3 10 20 0 10 20 10 10 10 20 30 10

STONCICA

MONTH 1 2 2 4 5 6 7 8 9 10 1l 12
1970 0 0 0 7 0 14 0 0 0 14 T 14
1971 14 0 0 0 7 7 7 0 0 14 T 2
1972 0 7 7 0 0 21 i 2 0 0 21 21
1973 0 0 0 0 7 7 0 14 14 35 7 0
1974 2 0 7 14 14 0 0 0 4 14 14 7

88. Corycella rostrata CLAUS, 1863 — It was recorded from all three
stations and its percentage was lowest in the Kastela Bay.

Its frequency also increased going towards the open sea, thus that it
was recorded from more than 75% of the samples at »Stondicas«.

Its quantities were lower in the coastal area.

Percentage proportion in the total copepod number increased going
offshore, from 0.16 to 1.01 and 1.53%.

CORYCAEUS (CORYCELLA) ROSTRATA CLAUS
KASTELA BAY

MONTH 1 2 3 4 ] G i 8 9 10 11 12
1970 0 0 — —_ 0 0 0 0 0 b] 40 20
1971 0 0 20 0 0 20 0 0 0 0 0 0
1972 0 0 5 0 5 40 0 0 0 0 0 0
1973 0 0 0 0 0 0 0 0 0 0 20 0
1974 0 0 0 0 0 0 0 0 0 9 40 20

: PELEGRIN

MONTH 1 2 3 4 B] 6 7 8 9 10 11 12
1970 30 30 0 80 10 3 10 20 10 10 3 3
1971 0 20 30 0 0 0 0 0 3 10 30 10
1972 50 20 0 10 10 0 20 10 40 0 ) 0
1973 40 3 0 0 10 20 0 10 0 30 10 40
1974 20 10 40 20 10 10 10 10 29 10 20 20
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STONCICA
MONTH 1. 2 3 4 5 6 ) 8 9 10 11 12
1970 7 14 7 14 0 0 14 0 21 21 56 14
1971 21 0 21 21 0 il 7 7 7 35 {f 42
1972 i 14 7 0 0 0 0 T 35 28 2 28
1973 35 7 7 28 0 0 2 21 21 35 14 28
1974 21 21 21 14 T 7 ¥ § 7 7 21 0 28
COPEPODITS AND OTHER COPEPODS
KASTELA BAY
MONTH 1 2 3 4 5 6 7 8 9 10 11 12
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 1 2 3 4 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
1973 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 7 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 {otal of 98 species were recorded from the coastal area of the middie
Adriatic during five years of investigations. Their number by stations was
af follows:

»Kastela Bay« 53 species
»Pelegrin« 91 species
»Stoncica« 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 significant
difference.

Of 53 species recorded from the Kastela Bay only 20 species are widely
distributed in other similar areas along the eastern Adriatic coast (G am u-
lin, 1939, 1948; Vucetié, 1957, 1958, 1960, 1961a, b, 1965, 1966a, 1969; Hure
& Scotto di Carlo, 1969b, 1977, 1979; Regmer, D, 1970, 1973, 1974,
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1976; Buljan, Hure & Pucher-Petkowié¢, 1973; Vukanié, 1971,
1975).

The observations of frequency of occurrence of these species showed
that species permanently present in all the samples throughout thes period
of investigations were: Centropages typicus and Acartia clausi. Paracalanus
parvus, Clausocalanus arcuicornis, Clausocalanus jobei, Ctenocalanus wvanus,
Centropages kroyeri and Temora stylifera were recorded from more than
75% of the samples. They were recorded throughout the year and were only
occasionally absent. They are mainly »surface species widely distributed in
all inshore Adriatic areas, except along the southeastern coast where they
are more rare«.— Hure & Scotto di Carlo, 1977.

The following copepods were recorded from 50—75% of the samples:
Calanus tenuicornis, Diaixis pygmaea, Isias clavipes, Temora longicornis,
Candacia armata and Corycaeus typicus, and the following from 23—50%0
of the samples: Calanus helgolandicus, Calocalanus pavo, Mecynocera clausi,
Clausocuienus 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-
Stela 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
(Zore-Armanda, 1974).

A total 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 75% of the samples: Calanus tenuicornis, Mecynocera clausi,
Clausocalanus arcuicornis, Clausocalanus jobei, Clausocalanus furcatus, Cteno-
calanus vanus, Centropages typicus, Temora stylifera and Corycaeus typicus.

Some of these most frequent copepods occurred more frequently in the
open sea (C. tenuicornis, M. clausi) while some are widely distributed coastal
surface species and some, such as Ctenocalanus vanus, are species widely
distributed in the Adriatic (Hure & Scotto di Carlo, 1977). This
species composition was to be expected owing to the locaticn of this station
in the middle Adriatic channels affected both by the open sea and coastal
waters. Species recorded from 50—75% of the samples were: Nannocalanus
minor, Calocalanus pavo, Euchaeta hebes, Lucicutia flavicornis, Candacia
armata, Corycaeus flaccus, Corycaeus brehmi and Corycella rostrata which
mainly are, except C. armata, C. brehmi and C. rostrata, more frequent in
the open sea. Paracalanus parvus, Ischnocalanus plumulosus, Clausocalanus
mastigophorus, Clausocalanus lividus, Diaixis pygmaea, Pleuromamma gra-
cilis, Corycaeus latus and Corycaeus furcifer were found in less than 50%
of the samples in which the open sea species were also predominant (except
Paracalanus parvus and Diaixis pygmaea). Other species were more rare. It
may be of interest to mention that a large number of species (about 30)
occurred in only one sample or, at most, in the several of them thoughout
the period of investigations. The majority of the Adriatic species are mainly
recorded from a small number of samples. Pelagic species occurres in somew-
hat smalier quantities. Some widely distributed species and few coastal species
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were rarely recorded. However, they occurred in very low numbers parti-
cularly if compared to the abovementioned species.

Number of species recorded from this station exceeded for about 40 that
recorded from the Ka$tela Bay. However, one can understand this easily
since these species are predominantly open sea species and »Pelegrin« iz
affected by the ingoing Adriatic current for the most part of the year.

Out of the total of 90 species recorded from »Stondica« which is strongly
affected by the open sea, the following copepods were found in more than
75%¢ oi the samples: Nannocalanus minor, Calanus tenuicornis, Mecynrocera
clausi, Clausocalanus arcuicornis, C. jobei, C. furcatus, Ctenocalanus vanus,
Centropages typicus, Corycelle rostrata. The following species occurred in
50—75% of the samples: Calocalanus pavo, Ischnocalanus plumulosus, Clauso-
calanus mastigophorus, Euatideus giesbrechti, Euchaeta hebes, Pleuromamma
gracilis, Candacia armata, Acartia clausi, Corycaeus flaccus, Corycaeus brehmi
and Corycaeus furcifer, and the following in less than 50% of the sam-
ples: Clausocalanus lividus, Clausocalanus pergens, Clausocalanus parapergens,
Aetideus armatus, Scolecithrix bradyi, Scolecithricelle dentata, Diaixis pyg-
maea, Centropages violaceus, Lucicutia ovalis, Haloptilus longicornis, Lubbo-
ckia squillimana and Corycaeus latus. Other species were rather rarely
recorded.

A part of the most frequent species at this station are widely distributed
Adriatic species occurring in large quantities (Hure and Sco:to di
Carlo, 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 horizontal copepod distribution in the study area
of the middle Adriatic and the results of current system investigations in
the same area (Zore-Armamnda, 1974, 1977), the occurrence of open sea
species along the coast during winter is probably due to the intensified inflo-
wing current from the southern Adriatic in winter. On the other side, the
occurrence of neritic species at »Pelegrin« and »Stonéicax may be explained
in terms of horizontal distribution of surface meritic copepods which, owing
to the stronger outgoing current, are in summer dispersed from neritic areas
of Lhe northern Adriatic into the open waters of the middle and southern
Adriatic (Hure and Scotto di Carlo, 1977), and partly in terms of
the W prevalent direction of surface current which forces the inshore water
masses towards the open sea (Zore-Armanda, 1968; Vucetidé, 1970,
1973).

2. Species composition variations
2.1. Seasonal variations of species composition

Observations of the number of copepod species showed considerable va-
riations both by seasons and for the period of investigations.

In the Kastela Bay the number of species ranged from 7 to 21 (with the
exception lof species taken under common genera names). Minima and maxima
occurred as follows:
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1970 11 (July) io 21 (January)

1971 11 (May) to 20 (December)

1972 8 (November) to 19 (January)

1973 7 (January) 1o 15 (November)

1974 9 (June) to 19 (November, Decembrer)

Accordingly, the highest numbers were recorded in the coastal area in
winter what is in agreement with the earlier results (Gamulin, 1939; Re-
gner, 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 numbers were also recorded in autumn and winter (September,
November, December, January) and the lowest mainly in summer (except in
1970).

The number of copepods varied from 18 to 42 at »Stoncica« 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)

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

Annual variations of species number for all the stations and for the
period of investigations are given in Fig. 2. To observe the seasonal variation
pattern of the number of species it was attempted to express the data as
the five year means (Fig. 3). Thus it was made clearer that maximum numbers
of species occurred at all three stations in winter, mainly in January and
February that is in the period of intensified open sea influence on mid-
-Adriatic area.

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

2.2. Year-to-year variations of species composition

Long-term variations of species composition were also studied.

Out of 42 copepod species individually observed (with the exception of
three genera which included 11 species more) only 17 were recorded every
year while other 25 species were not recorded from all the KasStela Bay
samples.
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The list of the species given in Table 1. shows that the species which
were periodically absent from the KaStela Bay samples belong to the specic.
more frequent in the open sea: Nannocalanus minor, 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 frdm the »Kastela Bay«

samples i
species year: 1970 1971 1972 1973 1974

. Nannocalanus minor
Neocalanus gracilis

. Eucalanus elongatus

. Paracalanus nanus

. Ischnocalanus plumulosus
Clausocalanus pergens
. Clausocalanus furcatus
. Euchaeta hebes -

. Centropages violaceus

. Isias clavipes

. Temora longicornis

. Lucicutia flavicornis

. Pontella lobiancoi

. Pontella mediterranea

. Labidocera wollastoni

. Microsetella morvegica
. Macrosetella gracilis

. Clytemnestra rostrata

. Lubbockia squillimana

. Sapphirina nigromaculata
. Corycaeus flaccus

. Corycaeus giesbrechti
23. Corycaeus latus

24. Corycaeus ovalis

25. Corycaeus furcifer

DO DI DD bbb b b b b ek b

total number of missing species 14 1 8 10 18 11

A poart of other species are otherwise rare such as Paracalanus nanus,
Temora longicornis, Pontella lobiancoi and Pontella mediterranea or occurring
in low numbers. Therefore, probably we did not record them from all the
samnples. i

Over the five-year period the highest number of species was recorded
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 from the Bay
station. This may be indicative of the periodical changes of the copepod
species composition at this coastal station due to the intensified dynamics
of the open sea water masses and transport of the larger mumber of somec
of the species to the coastal area.

The hydrography of the Adriatic Sea (temperature, salinity) undergoes
considerable variations due to the long term fluctuations of meteorologicai
factors (wind, atmospheric pressure) (Zore-Armanda, 1969; Buljan
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1969). One major factor affecting the Adriatic hydrographic properties is
intensified ingression of the Intermediate Mediteranean Water (such as in
1963, 1964, and 1965) associated with the meteorological factors changes. The
ingressions cause nutrient and oxygen enrichment of the Adriatic waters.
It was established that dlimatic and hydrographic factors were further in
close ccnnexion with the biological production level and therefore with the
increase of phyto— and zooklankton values in 1961 to 1966 period (Pu-
cher-Petkovié, 1966, 1968, 1969; Vwmuéetié, 1965, 1969). There-
fore, we tried here to observe year-to-year changes 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 from five year
means and the number of copepod species recorded from a) Kastela Bay,
b) Pelegrin, c) Stoncica

departures departures number
year TeC from means S %o from means of copepod
species
1970 16.53 0.01 35.74 —0.51 2943
1971 16.55 0.03 36.34 0.09 32+3
1972 16.80 0.28 36.08 —0.17 3342
1973 16.39 —0.13 36.13 0.78 25 42
1974 16.35 —0.17 36.09 —0.16 32+ 3
mean
value 16.52 36.08 a)
departures departures number
year TeC from means S %o from means of copepod
species
1970 17.20 —0.16 37.75 —0.13 58 4 3
1971 17.14 —0.22 37.97 0.09 54 42
1972 17.45 0.09 37.83 —0.05 37T+ 2
1973 17.47 0.11 38.09 0.21 44 + 2
1974 17.52 0.16 37.78 —0.1 55 -+ 3
mean
value 17.36 37.88 b)
departures departures number
year T°C from means S %o from means of copepod
species
1970 17.78 —0.15 38.18 0.05 56 + 3
1971 18.17 0.24 38.12 —0.01 56 4 2
1972 17.87 —0.06 38.11 — 0.02 37+ 3
1973 18.12 0.19 38.26 0.13 6443
1974 17.73 —0.20 37.96 —0.17 3343
mean
value 17.93 38.13 c)

Thus it was found that temperature slightly increased in the Kastela Bay
up to 1972 to be decreased in 1973 and minimum in 1974. Salinity
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alternatively increased and decreased reaching maximum in 1973. Number
of copepod species increased up to 1972, decreased in 1973 and again increa-
sed in 1974. Accordingly, prominent changes of hydrographic factors could
not be established during the period of our investigations and therefore
neither the significant annual variations of copepod species numbers.

A total of 83 species and 3 genera with 8 species (that is 91) were iden-
tified at »Pelegrin« station. The highest number was recorded in 1970. After-
wards this mumber was altemnatively increased and decreased and reached
minimum in 1973 (Table 2). Out of 83 species 29 occurred every year and 54
were periodically absent (Table 3). Out of these 54 species 23, that 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 in 1970
that is the same year as the maximum number of copepod species occurred.
However no interdependence betweéen the occurrence of these species and
hydrographic environmental factors could be establiched. Namely, as shown
by Table 2. temperature showed gradual increase in the five-year period
(with a slight decrease in 1971) while salinity 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 Kastela
Bay station. However, no significant changes affected by hydrographic factors
were established here, either. The increase in the number of species in 1974
which followed the salinity increase in 1973 did not exceed earlier recorded
values and could not be due to any peculiar conditions.

A 1ictal of 78 copepod species and three genera with 12 species (that is
90 species) were identified at »Ston¢ica.« The highest number of species was
recorded in 1973 and lowest in 1974. Of these 90 species 44 were periodically
absent and their list is given in Table 4. About 20 species are species more
frequent in the open sea. They occurred in highest mumber in 1972 and in
lowest number in 1974. However, no interdependence between hydrographic
factors annual changes and increase in the number of copepods speciss could
be established here, either, since temperature also alternatively increassd and
decreased while salinity increased up to 1973 and afterwards decreased.
Variations of the total numbers of copepod species at three studied stations
in the 1970—1974 period are given separately in Fig. 4. Kastela Bay and
Pelegrin curves show an almost complete overlapping that is maximum
number of copepod species was recorded from both stations in 1972 and
sudden decrease with minimum in 1973. However, at the open sea station
maximum was recorded in 1973 coinciding with the highest salinity wvalues
recorded in the five-year period (Table 2). The rhythm of the variations of
copepod species numbers could not be related to salinily values since the
situation in the channel area differred from that in the coastal area. It
therefore seems possible that several environmental factors together affected
these wvariations. However, these effects were mot of the extent to cause any
significant changes or these changes were due to the inflow of waters of
quite different properties (like in 1963—65 period).

These results show that the variations of the number of copepod specie:
in the 1970—1974 period coincided with the occurrence of the open sea
speries even though no considerable annual changes of environmental factors
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Table 3. List of species periodically absent from »Pelegrin« station

species: year: 1970 1971 1972 1973 1974

. Neocalanus gracilis

. Eucalanus attenuatus

. Bucalanus elongatus
Paracalanus nanus
Calocalanus contractus

. Calocalanus styliremis

. Clausocalanus pergens

. Clausocalenus parapegens v
. Aetideus armatus

10. Fuaetideus giesbrechti

11. Euchaeta marina

12. Euchaeta spinosa

13. Scolecithrix bradyi

14. Scolecithricella dentata
15. Scolethricella tenuiserrata
16. Centropages kroyeri

17. isias clavipes

18. Temora longicornis

19. Pleuromamma ebdominalis
20. Lucicutia ovalis

21. Heterorhabdus papiliger
22, Heterorhabdus spinifrons
23. Haloptilus longicornis

24, Candacia aethiopica

25. Candacia bippinata

26. Candacia tenuimana

27. Candacia bispinosa

28. Candacia varicans

29. Paracandacia simplex

30. Anomelocera patersoni

31. Pontella lobiancoi

32. Pontella mediterranea

33. Labidocera wollastoni

34, Pontellina plumata

35. Acariia adriatica . . .
36. Acartia longiremis £ A "
37. Microsetella norvegica

38. Macrosetella gracilis

39. Euterpina acutijrons

40. Clytemnestra rostrata

41 Sapphirina sp.

42, Sapphirina metallina

43. Sapphirina sali

44, Sapphirina nigromaculata
45. Sapphirina gemma

46. Sapphirina ovatolancesiata
47. Sapphirina opalina

48. Copilia mediterranea

49. Copilia quadratae

50. Corycaeus clausi

51. Corycaeus giesbrechti

52. Corycaeus ovalis

53. Corycaeus limbatus

54, Corycaeus anglicus

55. Pachos punctatum

QQODQQSJl:hWL\?H

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

species: year: 1970 1971 1972 1973 1974

. Neocalanus gracilis
. Eucalanus attenuaus
. Eucalanus elongatus
. Paracalanus nanus
. Paracalanus parvus
. Calocalanus contractus
. Calocalanus styliremis
. Clausocalanus pergens
. Aetideus armatus
. Euchaeta acuta
. Euchaeta marina
. Euchaeta spinosa
. Scolecithrix bradvi !
. Scolecithricella tenuiserrata ” . .
. Centropages kroyeri
Isias clavipes
. Temora longicornis
. Pleuromamma abdominalis
. Lucicutia clausi
. Lucicutia ovalis
. Heterorhabdus spinifrons
. Candacia elongata
. Candacia longimana
. Candacia bispinosa
. Candacia tenuimana
. Candacia varicans
. Pontella lobiancoi
. Labidocera wollastoni
. Pontelopsis regalis
. Acartia negligens
. Microsetella norvegica
. Macrosetella gracilis
. Euterpina acutifrons
. Clytemnestra rostrata
. Lubbockia squillimana
. Sapphirina sp.
. Sapphirina metallina
. Sapphirina nigromaculata
. Sapphirina ovatolanceolata
. Sapphirina iris
. Copilia guadrata
. Coryceaus clausi
. Corycaeus limbatus
. Corycaeus giesbrechti
. Coryceaus ovalis
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total number of absent species: 24 23 24 16 25

were established which could produce significant variations of the number
of species. Temperature and salinity variations were not so marked as they
were in 1963—1965 period and therefore they could not affect the number
of copepods. On the other hand, on the basis of such insignificant variations
of copepod species mumbers it could be said almost with 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 the species composition of copepods.
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Fig. 4. Variations of the numbers of
copepod species at the »Kastela
Bay«, »Pelegrin« and »Stoncica«
stations in the 1970—1974 period

2.3. Species diversity index

The diversity index, as a mumerical experession of copepod counts in
the coastal, channel and 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 index was evaluated from the equation developed by M a r-
galef (1951) calculation of the global diversity index:

S—1
=

log,N

where S is the mumber of species, N number of specimens per cubic meter
and log, matural logarithm of the mumber of specimens. Calculated indices,
their secasonal and annual variations are given separately for each of the
stations in Tables 5 and 6.
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»Ka§tela 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 in the period od investigations. During the year the highest

Table 5. Monthly and annual values of species diversity index in the study area

in 1970—1974.

»Kastela Bay« »Pelegrin« »Stoncéica«
d d d
431 6.35 8.85
2.35 6.55 7.16
2.7 5.20 7.19
2.3% 3.714 8.20
2.90 6.43 6.22
1970 2.90 5.85 7.16
2.29 5.43 7.22
3.55 4.69 4.22
2.63 4.39 5.21
2,52 5.52 5.72
3.18 413 6.81
3.62 2.95 6.51 5.40 6.60 6.71
4.21 5.19 6.82
2.74 6.15 4.82
2.45 5.45 7.29
2.18 5.44 6.88
2.39 4.45 6.21
1971 2.99 6.13 6.33
2.70 417 7.66
255 2.25 5.68
2.20 471 7.56
2.96 4.95 5.98
2.50 5.91 5.63 E
4.53 2.87 6.08 5.07 7.00 6.49
4.16 4.49 5.94
247 5.54 6.73
3.45 4.79 591
2.95 3.83 6.01
3.24 4,28 6.09
1.97 4.51 4.27
1972 3.42 4.29 6.01
2.97 3.04 5.56
2.46 5.14 513
2.67 3.85 5.33
1.42 4.36 5.46
3.36 2.88 7.19 461 6.60 5.75
1.68 6.54 6.68
243 5.02 8.25
2.90 4.25 6.95
1.95 2.65 541
217 3.93 445
1.63 3.42 6.67
1973 2.20 2.86 5.97
191 4,02 6.89
1.51 3.97 5.10
2.59 3.36 6.64
2.39 431 7.66
1.46 2.02 5.64 4.16 7.29 6.50
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248 6.31 7.42
1.87 4.88 6.14
3.17 5.92 7.57
2.18 5.24 4.76
2.58 5.52 5.74
1.70 3.86 4,35
1974 2.91 5.30 4.50
2.89 4.19 5.40
2.80 4.08 5.72
2.64 6.00 6.53
3.47 4.70 6.24
3.64 2.69 4.67 5.06 5.34 5.81

]
n values were recorded in December and January, that is in winter, and the
lowest values were recorded in summer. Accordingly, maximum and mini-
mum values of diversity index coincided in time with seasonal maximum
and minimum numbers of species in winter and summer respectively. The
highest diversity index was found in 1970 and the lowest in 1973.

»Pelegrin« — showed higher species richness than the Bay. This is easily
understandable since considerably higher number of species were identified
from this station. Diversity index varied from 2.25 to 6.54. During ihe year
the highest d was recorded in winter and from time to time in spring and
aulumn. Annual means were highest in 1970 and lowest in 1973.

»Stonéica« — Diversity index varied within the 4.22—8.85 range and was
also highest in winter with the exception for 1971 when it was highest in
summer. The highest diversity index was calculated for 1970 and the lowet
for 197Z.

Table 6. Seasonal and long-term variations of species diversity index in the study
area in 1970—1574

stations: »Kastela Bay« »Pelegrin« »Stondica«
parameters:
d 2.682 4.86 6.252
max 1970 1970 1970
min 1973 1973 1972
seasonal winter, spring
maximum winter, spring autumn winter, spring
seasonal
minimum summer, autumn sp;ing, summer summer

3
o

As shown by Table 6 species diversity index increases if one proceeds from
the coasl offshore. This was established also by some preliminary studies
(Regner, D, 1976a) carried out in the same area. These data are, however,
first long-term data on copepod species diversity index in the Adriatic. They
may provide significant basis for all future copepod investigations and parti-
cularly for the studies of pollution effects on the structure of this group.

The highest species diversity index was recorded for all the stations in
winter (only periodically in other seasons) and lowest in summer.
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Over the five year period maximum d values were recorded from all the
stations in 1970 and minimum in 1972 and 1973.

3. Variations of the total mumber of copepods as affected by some abiotic
environmental factors (temperature, salinity, seawater density)

3.1. Seasonal variations of the number of copepods

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

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

Table 7. Total number of individuals (10.5 m3) at the study area stations in 1970—

1974
»Kastela Bay« — 133.070 individuals
»Pelegrin« — 82,941 individuals
»Stoncica« —  54.415 individuals

This decrease of the number of individuals in an offshore direction was
recorded from the same and similar areas earlier as well (Gamulin, 1939,
1948; Vudetié, 1957, 1958, 1960, 1961a, b, 1965, 1966a, 1969; Hure and
Scoto di Carlo, 1969b, 1977, 1979; Regner, D., 1970, 1973, 1974, 1976;
Buljan, Hure and Pucher-Petkoviég 1973; Vukamié, 1971,
1975). However, these data for the first time cover longer time and wider
coastal area.

Therefore, we shall observe here the variations of the mumber of cope-
pods during the year in as more detail as possible that is taking into
account temperature, salinity and sea water density variations in the same
area and at the same time (Buljan, unpublished data).

»Kastela Bay« — even though this area was studied in detail the results
on the qualitative and quantitative composition of copepods were based either
on a year observations (Gamulin, 1939; Regner, D, 1973) or on the
ten year series not taking into account relevant hydrographic parameters
{(Regner, D, 1970; Vwucéetié¢ and Regner, D. 1973). Figure 5.
depites the variations of the number of copepods in the 1970—1974 pe-
riod, the variations of temperature mean values for 0—10 m layer and
salinity mean values for 0—10 m layer and Fig. 6 the variations in the num-
ber of copepods and variations of sea water density.

In 1970 annual minimum number of copepods occurred in January
at low temperature (12.33°C) and salinity (35.27%o). To our regret we
have not available the data for March and April of this year even though
graphical representation shows that the number of copepods was increased
in spring. In summer, that is from July on, temperature increased and
reached maximum in September. Salinity increase almost coincided with the
sea water heating even though it increased up to the year end that is reached
maximum in December. Sea water density was lowest in summer (from July
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1974,
temperature and salinity at the

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

Three copepod number peaks were recorded in 1971 as well. The first one
occurred also in spring — in April, second in summer — July and third and
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 and salinity 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. It decreased with the gradual increase 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 and reduction of
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Fig. 6, Variations of the number of copepods and sea water density at the »Kastela
Bay« station in 1970—1974

salinity it decreased to the lowest value recorded this year. Sea water density
was highest in February and lowest in summer.

Results of long-term researches of seasonal variations in the number of
copepods differ from the earlier results for the Kastela Bay, since
Gamulin (1939), Regner, D. (1970, 1973) and Vucetié and Reg-
ner, D. (1973), reported two annual maxima of the number of copepods —-
in spring and summer. These most recent five-year data (1970—1974) showed
the occurrence of third annual maximum in autumn which was highest
from time to time.

t may be ‘of interest to mention that simjlar occurrence of a larger
number of maxima has recently been established in the phytoplankton of
the Kastela Bay (Pucher-Petkovié¢, 1975). This would be separately
observed later.

»Pelegrin« — 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 of copepods and environmental factors could not be so clearly
marked as in the Bay.

In 1970 the number of copepods showed very high spring maximum in
April, sudden decrease therefrom up to June and almost unidentifiable
increases in July and November. Temperature was constantly increasing from
March to August and then suddenly dropped and continued to decrease up
to the year end. Salinity variations showed two peaks, one in February and

other higher in October. Sea water density was also lowest in summer, from
June to October (Figs. 7 and 8).
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Fig. 7. Variations of the number of copepods, temperature, and salinity at »Pelegrin«
station in 1970—1974

In 1971 two copepod number peaks, one in spring and other higher in
autumn, were establiched at high salinity and temperature values.

In 1972 the mumber of copepods was generally low with three maxima:
in March, June and September. Temperatures were very high and at the
time of annual maximum in August they exceeded 24°C. The lowest salinity
was recorded in March, and salinity values were very little changed in April-
December. Sea water density was lowest in June and July.
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In 1973 minimum number of copepods was recorded in spring, as early
as March, and temperature was fairly low at that time. With temperature
and salinity increase the mumber of copepods increased gradually to reach
autumn maximum in July at highest annual temperature and rather high
salinity. Number of copepods afterwards decreased and reached the highest
peak in September at rather high temperature and salinity. This maximum
was preceded by low density which in this year, as well, was lowest im
summer. The third copepod maximum was recorded in October.

The year 1974 differs from other years with respect to copepod
number, Winter minimum was recorded in February. Sudden increase and
spring maximum were recorded in April at relatively low temperature
(13.55°C) and salinity (35.84%c). Seawater temperature was rather high all
over the year as well as salinity while 'density was lowest in June-October.
Summer maximum number of copepods was shifted to September and autumn
maximum occurred in October.

Since all the given data as well as graphs show that the variations of
copepod density during the year is dependent on the variations of tempera-
ture, salinity and sea water density this dependence was statistically analyzed
and expressed. Therefore correlation coefficients were calculated and the
r was highest for the correlation between the number of copepods and tem-
perature, r = 0.413 and p < 0.01 that is significant for more than 99%s.
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Posilive correlation was established between the number of copepods and
salinity with the correlation coefficient r = 0.312 significant for p < 0.05
that is for more than 95%. Poor negative correlation between the number
of copepods and sea water density was found and the correlation coafficient
value was not significant, r = — 0.139.

In 1973 the mumber of copepods varied considerably. As many as four
peaks were recorded: in January, April, June and October. Temperature was
higher during summer and salinity in spring and autumn. Density was low
throughout summer, in June-October.

In 1974 four peaks were recorded like in the preceding year. However
they occurred in March, June, September and November. Temperature was
highest in June-September, salinity increased in winter months and in Aprii
and September. Sea water density was lowest in June-October.

The obtained results of the mumber of copepods did not show any
regular pattern of annual variations. However, it is evident that first annual
peak occurred mainly in spring and second in autumn. From 1972 to 1974
summer maxima were also recorded thus that the variations in mumber were
stili higher. ‘ :
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Iﬁg. 9. Variations of the number of copepods, temperature and salinity at »Ston-
Cica« station in 1970—1974
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ig. 10. Variations of the number of copepods and sea-water density at »Stoncica«
station in 1970—1974

Lven though correlation coefficient value was mot 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 az the number of copepodes and sea water density.

»Stondica« Data on the copepod quantities at this station are given in
Figs. 9 and 10.

In 1970 winter maximum was recorded as early as January at low sea
water temperature and relatively high salinity. The number of copepods
suddenly decreased in February and then gradually increased up to June
parallel to sea water heating and slight salinity decrease. Summer maximum
was recorded in June and the number of copepods dropped once again after-
wards. Autumn maximum recorded in September coincided with rather high
temperature and salinity values. It decreased constantly towards the year
end. Seawater density was lowest in June-September.

In 1971 the number of copepods was rather low if compared to other
years. However, three peaks were clearly marked: in April, July and October.
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Temperature was highest in June-August and salinity and density lowest
values almost coincided in time.

In 1972 the variations of copepod numbers were very marked and four
maxima were recorded: in March, June, August and November. Temperature
was highest in June-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 June-October and salinity exceeded 38%o 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 coinciding with the lowest density. Salinity was much lower
than preceding year with ordinary decrease in summer.

The occurrence of a larger number of peaks 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 »Kastela Bay«, »Pelegrin« and
»Stoncéica« stations in 1970—1974
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perature (r = 0.348) and negative with salinity (r = —0.189) and seawater
density (r = — 0.334).

The observations of available data indicate similar annual variations oi
copepods at all three stations in the middle Adriatic (Fig. 11). Larger number
of annual peaks were established. They occurred in spring, summer and
autumn. This is particularly applicable to the 1972—1974 period. Since our
observations were the first long-term observations of mid-Adriatic copepods
in the channel and open sea areas they could mot be compared with earlier
data. However, the data from the coastal area were compared to the data
coilected from the Kastela Bay in 1960—1969 (Regmner, D., 1970). This com-
parison shows that certain changes have recently occurred. The occurrence
of a larger number of peaks during the year (three or even four) at »Pele-
grin« and »Stonlica« may be assumed to be ordinary for those stations.
However, it is more probable that due to the increased eufrophication in the
coastal area and therefore increased quanmtities of nutrients and consequntly
of the numbers of phytoplankton available to copepods all year round, cope-
pod annual density has increased.

However, it is pretty difficult to say, for the time being, to what extent
the increase of the number of copepods is dependent on the changes of
environmental factors and to what extent due to the natural fluctuations in
density of individual species. Namely, similar changes were established in
the production of phytoplankton and total zooplankton (Pucher-Petko-
vic, 1875; Vucetié, 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 mumber of specimens by individual
years and their eventual dependence on temperature and salinity.

Thus at the »KaStela Bay« station copepod number increase coincided
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 the number
of copepods increased with the increase of salinity. Finally, in 1974 the
number of copepods comtinued to increase while temperature and salinity
decreased. :

Differences in numbers between individual years were not so large as one
might expect for the coastal area. Earlier investigations in this area im
1960—1969 (Regmner, D, 1970; Vuédeti¢ and Regner, D., 1973) showed
the differences which were more marked than these ones. They, however,
were probably the result of the changes of hydrographic properties of the
Adriatic waters which affected the total organic production.

In 1970—1974 no such marked changes of hydrographic properites were
recorded and mo regular pattern of copepod counts increase could be esta-
blished.

Total phytoplankion counts were alternatively increased and decreased,
as well. However, the differences in phytoplankton number between years



D. Regner 67
Copeped dynamics in the Adriatic Sea
Acta Adriat., 26 (2) :11—99 (1985)

were considerably higher. Marked minimum of the total number of phyto-
plankton organisms was recorded in 1973 (Pucher-Petkovié, unpubli-
shed data) at the time of increase of the total number of copepods.

Table 8. Annual temperature and salinity means and the total number of copepods
at the a) »Kastela Bay« b) »Pelegrin« and c) »Stondica« stations

total number

Year ToC Sal %o of copepods
1970 16.53 35.74 24269
1971 16.55 36.34 26770
1972 16.80 36.08 25980
1973 16.39 36.13 27895
1974 16.35 36.09 28165
a)
total number
Year e Sal %o of copepods
19790 17.20 37.35 13660
1971 17.14 37.97 11602
1972 17.45 37.83 14719
1973 17.47 38.09 20143
1974 17.52 37.78 17817
b)
total number
Year T Sal %o of copepods
1970 17.78 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 12900
c)

At »Pelegrin« station the total copepod counts decrzased in 1971 while
temperature decreased and salinity increased. In 1872 the number of copepods
was somewhat higher as well as temperature while salinity was decreased.
In 1273 the number of copepods increased as well as temperature and salinity
while in 1974 the mumber of copepods and salinity decreased and tempera-
ture increased. Rhythm of fluctuations of total counts is similar to that in
the Bay. However, the differences between years were considerably higher
and increases in number occurred much earlier than in the Bay.

The variations of the number of phytoplankton organisms were similar
with alternative increases and decreases (Pucher-Petkovié, unpublished
data). Here also higher number of copepods was recornded at low phytoplank-
ton counts, and vice versa.

At »Stoncica« station the variations of copepod counts differ from those
in the coastal and channel areas. In 1971 the total copepod counts decreased
and afterwards showed slight continuous increase up to 1974 irrespective of
the alternative increases and decreases of temperature and salinity. Diiferen-
ces in the number of individuals between years were lower tham at »Pele-
grin« but higher than in the Bay.
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The number of phytoplankton organisms showed similar behaviour, that
is, it constantly increased from 1970 to 1974 (Pucher-Petkovié, unpu-
blished data).

As shown by the data of the five year period, that is from 1970 to
1974, no significant changes of the properties of the Adriatic water under the
influence of increased activity of the Mediterranean, like in 1962—1964 period
(Buljan, 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 mumbers the variations of copepod numbers
recorded were not significant, either. On the contrary copepod counts both
in the Kastela Bay and at Pelegrin showed slight alternative increases and.
decreases. Any change occurred first at Pelegrin and a year later in the Bay..
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Fig, 12. Year-to-year variations of copepod
number at the . »KasStela Bay«,
»Pelegrin« and »Stonéica« stations
in 1970—1974

At »Stoncica« which is most exposed to the open sea influence slight
tendency of increase of the total copepod counts was recorded in 1972—1974.
This increase, however, was almost insignificant if compared to that in 1970.
It might be said that the year-to-year differences in numbers which were
more marked here than in the Bay are due to the periodical higher decreases
in number rather than to acctually considerable increase in number. Annual
mean copepod counts at studied stations in the 1970—1974 penod given in
Fig. 12 show everything discussed here.
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4. Variations of the percentage proportions of copepods in the total
zooplankton

Quantities and trophic value of copepods in the total zooplankton has
already been pointed out in this paper. Percentage proportion of copepods
in the total zooplankton was attempted to be calculated from the data on
their seasonal and long term variations in mumber as well as from the varia-
tions of the total mumber of zooplankton organisms in the study area
(Vucéetié, unpublished data) (Table 9). In addition, seasonal and long term
variations of the proportion of copepods were observed in the 1970—1974
period and their extent established.

Table 9. Percentage proportion of copepods in the total zooplankton at stations:
a) »Kastela Bay«, b) »Pelegrin« and c¢) »Stonc¢ica«

_ »KaStela Bay« »Pelegrin« »Stonéica«

: /e U0 %o

I 99.43 53.50 e
1I —_ 32.55 16.01
IIT —_ 54.80 24.51
v — 51.02 46.35
v 42.72 55.88 38.08
1970 VI 27.13 30.07 61.72
VII 25.61 37.87 43.31
VIII 27.66 33.82 39.27
IX 18.92 33.65 45.28
X 45.79 36.78 44.46
XI ' 38.62 36.73 33.80
XI 51.23 31.16 46.36

i 41.67 68.15 —_
1I .« BDAT 41.93 92.00
IIT . T4.30 35.58 70.46
v 47.73 48.45 49.19
v 36.24 77.66 69.55
1971 VI 30.12 23.74 37.03
v —_ 34.98 38.83
VIII 19.24 — 93.63
IX — —_ 84.36
X 64.75 44.41 68.90
XI 37.30 21.64 42.02
XII 37.93 67.18 58.81
I —_ 28.01 29.40
II —_ 25.69 33.33
III — 31.97 24.25
v — 17.45 13.04
A\ — 19.36 30.33
1972 VI — 21.47 56.88
VII — 31.40 18.95
VIII — 7.75 17.04
IX —_ 24.28 33.12
X — 25.28 26.59
XI — 19.19 30.55
XII — 23.13 47.16
I — 75.65 29.68

1I 27.711 34.56 31.34
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111 27.76 35.61 24.22
v 38.85 43.16 32.97
v 25.89 20.34 28.64
1973 VI 18.72 56.47 9.11
VII 26.82 4711 38.28
VIII 45.35 36.43 42.90
IX 43.21 23.43 38.27
X 35.07 47.22 42.28
X1 65.04 31.98 30.15
XI1 51.26 34.00 38.68
I 63.30 39.22 35.47
iI 44.66 20.74 32.18
11X 29.89 40.47 16.06
v 33.65 26.64 33.54
v 33.24 22.43 27.45
1974 VI 30.69 28.74 48.80
VII 34.84 19.76 25.16
VIII 45.25 55.21 25.94
X 53.91 44.35 40.39
X 38.78 30.10 44 .42
X1 44.95 L 41.22 31.55
X1 41.46 28.60 25.42
a b €

In the KaStela Bay copepods contributed from 18.72 to 99.43% in the
i zooplankton with the highest values in November, January and March.
Their percentage proportion also varied from one year to another. Maximum
numbers of copepods in relation to other zooplankton organisms was recorded
in 1974,

£,

some earlier data by Vudetidé (19702) percentage proportion of
copepnds varied from 50 to 80% at this station whereas as shown by our
data it is somewhere about 40%. However, the more recent papers of Vude-
tié¢ show, as well, lower percentage proportion of copepods that is more
similar to the one we found. It is pretty difficult to say, for the time
being, whether this is due to some environmental factor changes or to the
natural fluctuation in the density of zooplankton groups. Namely, copepod
values have not essentially changed but the relationships between individual
gvoups has changed. However, this is not subject of this paper.

At wPelegrin« station percentage proportion of copepods was somewhat
lower than in the Bay and showed monthly variations of 7.75 to 77.66%.
As disiinet from the Bay, maximum copepod percentages were recorded in
spring-summer (except in 1973), that is somewhat later than in the Bay.

Percentage proportion of copepods varied significantly from one year to
anofher. They were best represented in 1973 that is a year earlier than in
the Bay.

At »Stondica« station copepods constituted from 9.11 to 92%/ of the total
zooplankten., They were most abundant in summer, in June and Avugust, that
is somewhat Iater than at »Pelegrin«.

Annual variations were preatest at this station and maximum number
of copepods 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 mumber of zooplankton
organisms were statistically compared for all three stations.

Thus, positive correlation was established for the Ka$tela 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 eguation the number of copepods could be established
if the total mumber of zooplankton organisms is known, and vice versa.

Cocfficent of correlation was rather high for the »Pelegrin« station, as
well, r = 0.464, and the equation of the interdependence of copepods and
zooplankton is as follows:

y = 20257.78 + 1.51 x

At »Stonc¢ica« correlation coefficient was r = 0.518 expressed by the
following equation:

y = 1174.99 + 1.624 x

As shown by the obtained results percentage proportion of copepods was
highest at the »Kastela Bay« station and lowest at »Stondica«, even though
numerical values do mot differ much. Copepods are best represented in the
coastal area in the colder part of the year (November, January, March), in
the channel area in spring-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 seems to have been slightly reduced (Vuce-
tié, 1974) what should be examined in the course of some future researches.
The extent of monthly and annual differences between minimum and maxi-
mum gpercentage proportions of copepods in the total zooplankton was sepa-
rately observed (Table 10). It was found that the lowest annual differences
were gradually increased in an offshore direction (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
»Kastela Bay« 99.43%0 18.71% 80.71%¢
»Pelegrin« 77.66%0 7.75%0 69.91%0
»Stondica« 92.00% 9.11% 82.89%0

Table 11. Annual differences between the highest and lowest percentage proportions
of copepods in the total zooplankton of the study area

§pation max min difference
»Kastela Bay« 40.60%0 30.04% 10.56%0
»Pelegrin« 48.95%0 20.64%0 28.30%0

»Stondica« 58.50%0 20.81%0 37.69%0
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5. Quantitatively dominant copepod species in the study area

The observations of the total mumbers of copepods showed that only a
small number of species affect these numbers by their high percentage pre-
sence. Variations in the number of dominant species and the total number

of copepods are given separately for each of the stations of Figs. 13, 14 and
N copepods
----- dominant species

i
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Fig. 13. Variations in the mnumber of individuals of dominant species and total
number of copepods at the »Kastela Bay« station in 1970—1974

1973,

15 which clearly show the significance of dominant copepods among other
species. Percentage presence of dominant copepods is given in Fig. 16. Other

data will be given separately for each of the stations.
»Kastela Bay« — Ctenocalanus wvanus, Centropages typicus, Centro-

pages kroyeri, Temora stilifera and Acartia clausi (Fig. 16), numerical repre-
senied the most important species of the zooplankton of this mear-shore sta-
tion of the middle Adraiatic. These five species constituted 76.29% that is
more than 2/3 of the total mumber of copepods. This clearly indicates their
significance in relation to some fifty other species. Acartia clausi was best
represented contributing 22.83%0 of the total counts, followed by Centropages
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Fig. 14. Variations in the number of individuals of dominant species and total
number of copepods at the »Pelegrin« station in 1970—1974
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Fig. 15. Variations in the number of individuals of dominant species and total
number of copepods-at the »tSoncica« station in 1970—1974
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KASTELA BAY PELEGRIN . STONCICA

Mecynocera clausi Ctenocalanus vanus *+* + | Temora stylifera
7 3smnsean:
M Clausacaianus  jobei e Cenfropages typicus % Acartia clausi

Clausocalanys furcatus ==~ Centropages kroyeri I: other copepods

I'ig. 16. Percentage proportion of dominant copepods in relation to other copepods
at the »KaStela Bay«, »Pelegrin« and »Stonéica« stations

typicus with 16.24%, Centropages kroyeri with 15.07%, Temora stylifera with
12.79%0 and Ctenocalanus wvanus vith 9.35%. This percentage presence of
dominant copepods wvaried during the year. However, no regular patiern
of maximum and minimum number occurrences could he established. Na-
mely, both minimum and maximum values were recorded in spring and
sumer as shown in Table 12.

Annual variations in the percentages of dominant copepods were relatively
very small ranging from 70.91 to 78.78%0 of the total number of copepods in
the 1970—1874 preiod (Table 12).

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

Acartia clousi was most numerous in winter-spring, Ctenocalanus vanus
in spring-summer, Centropages typicus in summer-autumn and Ceniropages
krdyeri and Temora stylifera in autumn.

This seasonal alternative occurrence of dominamt copepod species has
already been observed in the Kastela Bay (Regner, D, 1970; Vucde-
ti¢ and Regmer, 1973). Therefore we tried to relate this high mumbers
to the oscillations of some environmental factors. Thus the number of indi-
viduals of Acartia cleusi which is predominant during the coldest part of
the year showed nepgative significant correlation with temperature r = —
0.353) as well as negative significant correlation with salinity (r == — 0.357).
This statistically tested long-term behaviour of one of the most frequent
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Table 12. Percentage presence of dominant copepods among other copepods at the
»Kastela Bay« station in 1970—1974

Year: U Year: /o

4.5 82.2
85.8 74.2
= 49.7
" 77.1
69.7 61.6
65.1 76.4
1979 74.8 1973 80.1
63.6 1.7
815 81.7
7.3 66.2
59.2 7.9
67.8 70.91%s 93.6 76.50%s
36.2 78.0
69.4 86.9
91.2 78.8
93.4 83.1
78.8 64.9
1971 65.4 1974 85.6
84.2 83.3
62.0 72.4
78.0 89.8
91.4 52.0
72.3 74,8
33.0 78.78%s 67.3 78.43%
54.3
36.0
92.4
72.6
81.6
1972 1.5
75.4
70.0
80.2
85.1
72.6
66.9 76.83%

and best represented neritic species proves its preference for lower sea tem-
peratures and salinity. This is important for experimental work in which the
knowledge of optimum cirumstances for individual species is indispensable.

It should be pointed out that the influence of these factors is combined
with other environmental factors influence that is that their combined in-
{fluence creates the optimum circumstances for individual species. Statistical
approach to optimum values of each individual factor is to a certain extent
of importance since owing to a larger number of data it may better show
thewr effects on individual species.

Over five vears of our investigations the temperature of the upper layers
in the Kaltela Bay varied from 11.14 to 23.47°C. Maximum number of
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Acartia clausi individuals occurred at 11.79—15.63°C while minimum was
recorded at 18.79°C. Salinity ranged from 34.03 to 37.88%o, the highest mum-
bers were found at 35.17% and lowest numbers at 37.41%o.

Ctenocalanus vanus was predominant during spring-summer. It alsc
showed negative correlation with temperature (r = — 0.018) and salinity
(r = — 0.141). Even though these values are mot significant the highest
number of individuals was recorded at 13.55°C and the lowest at 16.07°C.
Maximum numbers were recorded at 35.84%o Sal and minimum at 37.63%.
Accordingly, this species shows preference for lower salinities and tempera-
tures.

Centropages typicus was predominant in summer-autumn. Correlation
between the numbers of this species and temperature was positive and
although correlation coefficient value was not significant, maximum number 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 highest mumbers were recorded at very high values 37.63—
—37.86% and the lowest at 35.12%o. This indicates that higher temperatures
and rather high salinities are favourable for this species.

Centropages kroyeri and Temora stylifera dominated in autumn. Both
showed positive significant correlation to both temperature and salinity. This
was to be expected with respect to the time of their maximum numbers.
Both factors showed highest values in the Kastela Bay. Thus the value of the
coefficient of correlation between Centropages kroyeri and temperature
r = 0.320. The highest number of individuals was recorded at 21.206°C and
the lowest at 11.32 to 12.08°C range. Coefficient of correlation with salimity
r = 0.294. Maximum numbers occurred at 36.48—37.86%0 Sal.

Temora stylifera showed the highest correlation coefficients both with
temperature (r %o 0.583) and salinity (r = 0.453). Maximum number of indi-
viduals was recorded at 22.4°C temperature and 37.41%o Sal, while minimum
numbers were recorded at 16.03°C and 35.12%qo Sal. This species favours high
temperatures and salinities.

This numerically dominant KasStela Bay species are neritic species and
most frequently belong to the near-shore species common along the eastern
Adriatic coast (Regner, D. 1978). Therefore the effects of temperature
and salinity on their numbers were studied in detail in this paper.
Obtained results may be of use for making experimental conditions as close
to the natural ones as possible.

Ctenocalanus vanus, Centropages typicus, Temora stylifera and Clausoca-
lanus jobei were predominant at »Pelegrin« station in the channel area of
the middle Adriatic (Fig. 10). These four species contributed 50.65%0 of the
total copepods. Even though their percentage is lower tham that in the Ka-
Stela 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 in the Bay.

Centropages typicus occurred in greatest numbers making up 35.21%
of the total mumber of dominant copepods, followed by Ctenocalanus vanus
withh 30.38%, Temora stylifera with 21.66%0 and Clausocalanus jobei with
12.75%0. It was also observed that dominant species occurred in greatest num-
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bers in summer and in lowest numbers in winter. Percentage proportion of
this species in the total number of copepods varied considerably over the
five-year period (Table 13) as distinct from the Kastela Bay. Highest percen-
tage was recorded in 1973 (55.5%) and lowest in 1974 (45.5%).

Ctenocalanus vanus was predominant in spring, Centropages typicus in
spring-summer, Clausocalanus jobei and Temora stylifera in summer-autumn.

Since the effects of temperature and salinity on the mentioned species
were examined the same was applied to the species Clausocalanus jobei, as
well. Hcwever, this species was very unevenly distributed and the correlation
coefficient was significant neither for temperature nor for salinity.

Total percentages of dominamt copepods were highest at this station in
spring and lowest in winter.

Mecynocera clausi, Clausocalanus jobei, Clausocalanus furcatus, Ctenoca-
lanus’ vanus, Centropages typicus and Temora stylifera were predominnat ai
»Stoncdica« station. They accounted for 42.05% of the total mumber of cope-
pods (Fig. 16).

Ctenocalanus vanus was best represented with 14% of the total number
of copepods, followed by Temora stylifera with 7.42%, Centropages typicus
with 7.05%, Clausocalanus jobei with 5.89%, Clausocalanus furcatus with
4.09% and Mecynocera clausi with 3.5% (Fig. 19) Variations of their percen-
tages during the year shows that they are best represented in spring-summer
period and most poorly in spring (with the exception of years with maxima
in summer) (Table 14).

Their percentage presence was lowest in 1971 and highest in 1972.
Ctenocalanus vanus dominanted in winter-spring, Clausocalanus jobei in

spring-summer, Clausocalanus furcatus, Centropages typicus and Temora Sty-
lifera in summer-autumn and Mecynocera clausi in autumn.

Effects of temperature and salinity on species Clausocalanus jfurcatus
and Mecynocera clausi were examined since these species did not occur
among the dominant species at other two stations. Both species showed posi-
tive correlation to temperature with not significant 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 coefficent of correlation with
salinity even though r values were positive.

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

Of the 98 copepod species determined during the time of our study eight
are responsible for the variations in their total numbers. Percentages of these
dominant species decrease in an offshore direction. However, it should be
taken into account that the total number of species is almost doubled in the
same direction. Almost all the species recorded from the study area stations
are neritic and, as already pointed out, occurred all along the eastern coast
of the Adriatic. The dominance of Mecynocera clausi species at »Stonéica« is
not surprising since this species is more frequent 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 copepods
at »Pelegrin« station in 1970—1974

Year: o/y Year: %y
33.3 26.6
25.2 45.7
60.1 34.4
64.6 2.7
52.8 55.5
50.5 87.2
1970 69.4 1873 6.0
97.0 53.8
56.0 59.0
41.2 64.0
40.3 28.8
23.6 54.9% 35.2 53.5%%
21.8 19.1
25.1 43.8
44.3 28.9
41.8 32.0
68.0 46.1
35.7 67.2
1971 54.7 1974 85.5
70.0 23.6
82.0 48.4
37.3 50.3
36.4 46.0
20.5 54.6% 30.9 45,5%¢
37.9
38.8
57.6
59.2
27.0
53.6
1972 47.8
21.8
71.1
34.5
43.6
20.3 43.9%0

6. Changes in the total number of copepods as affected by somez bintic
envirommental factors (phytoplanikion, fish)

6.1. Relationship between the number of copepeds and phytoplanlkton
organisms as their principal food

Some earlier investigations of the relationship between phytoplankton
and individual zooplankton groups (Vudcetié, 1965) as well as between
primary production and zooplankton standing crop at the same middle
Adriatic stations (Vuéetié¢ and Pucher-Petkovié, 1969; Pucher-
Petkovié and Vucetié, 1969) have already shown the dependence bet-
ween these two members of plankton community (producers and predators)
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Table 14, Percentage proportion of dominant copepod species in the total number
of copepods at »Stondica« in 1970—1974

Year: %/ Year: /g
38.1 32.1
41.4 30.4
33.9 ' 55.7
27.2 47.2
42.0 29.1
28.3 47.2
1970 44.1 1973 36.8
53.5 37.3
44.8 46.0
35.1 43.5
27.3 45.5
32> 37.6% 33.1 40.7%0
37.9 70.2
17.2 46.5
16.1 35.0
34.1 48.3
45.5 40.6
43.3 . 67.3
1971 59.3 1974 69.0
255 54.0
3 56.7
50.9 60.0
30.7 © 19.6
30.6 27.4%¢ 51.0 53.7%
319
19.4
61.8
17.2
51.8
45.7
1972 46.0
48.8
42.3
41.7
42.6
37.0 56.9%

in the middle Adriatic. Even though these investigations as well as some
later ones showed that annual variations of phytoplankion and zooplankton
did not coincide during the year this was atiributed to the different number
of annual productive periods of phytoplankton and zooplankton. Pucher-
Petkovié and Vucetié 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 zooplankton population« (Karlovac at al, 1974).

Further, 2 tendency of increase of both the total number of phytoplank-
ton and zooplankton organisms was recorded over a rather long period with
maxima in 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 »KasStela Bay« in 1970—

—1972

tions in zooplankton biomass were of the same order of magnitude that is
that maximum and minimum departures from the long-term means were
equal.

" These complex researches were related to all the hydrographic changes
in the Adriatic. This provided a basis for the assessment and forecast of
the fish production for a long time (Karlovac, et al, 1974).

The data on the number of copepods, as numerically dominant zooplank-
ton organisms were, therefore, compared with the data on the total phyto-
plankton (Pucher-Petkovié, unpublished data) for the 1970—1972
period.

Graphical representation of these two components (Fig. 17) shows the
similarity of the seasonal fluctuations in the number of individuals, parti-
cularly in 1971. This interdependence between copepods and phytoplankton
as their principal 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
999,

For »Pelegrin« and »Stonéica« (Figs. 18 and 19) stations correlation coef-
ficient values were not significant. This was probably due to the more pro-
nounced dynamics 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.

Kastela Bay may be held as an almost closed basin with relatively regu-
lar 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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. Variations in the number of copepods and phyto-

plankton organisms at »Pelegrin« station in 1970—
—1972

of organic matter and its first consumers shorter. Studies of the feeding of
dominant Kastela Bay species showed that they took phytoplankton all over
the year. Contents of their digestive tract was full in all seasomns. This also
proves that sufficient phytoplankton is at their disposal and that they con-
sume it with no selection (Homemn, B. and Regner, D. 1977; Regner,
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D, 1978; Marasovié¢ and Regmer, D, 1979). Thus dominant Kasiela
Bay species Acartia clausi, Centropages typicus, Centropages kréyeri and
Temora stylifera take these groups of phytoplankton which are numerically
dominant in the sea in the respective season. Therefore the relationship we
established between the number of copepods and phytoplankton density
clearly proved their interdependence.

Results obtained by the comparison between the total number of cope-
pods and primary production expressed as the quantity of produced carbon
in mg/m?/day are somenhat differemt from the above ones. This, however,
can he easily understood since in the first case we compared the phytoplank-
ton biomass with the copepod biomass expressed as the number of specimens
per unit space, while in the second case copepod number was cormpared with
the process of organic matter production. Figs. 20 and 21 depict the relation-
ship between the total number of copepods and produced carbon. It is
obvious that the wvariations of these t{wo parameters are more similar at
»Stondico« than in the »Kastele Bay«. This was also statistically proved and
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the correlation coefficient for the open sea r = 0.334, significant for more
than 99%o. Positive correlation was established for the Kastela Bay, as well,
even though correlation coefficient was mot significant (r = 0.157). Produc-
tion process in the Bay is considerably different from that in the open sea
since nutrients are renewed faster than in the open sea; production is twice
to thrice that in the open sea and the rate of production is higher owing
to the higher quantities of mutrient salts. Even though it has already been
mentioned we should like to repeat that phytoplankton quantity is also
higher in the coastal area (2—5 times) than in the open sea (Pucher-
Petkovié¢ 1970) and that phytoplankton organisms consumed by zooplank-
ton are faster renewed owing to the 2-—3 times higher production. Therefore
the difference between copepod numbers and produced organic matter in the
Kastela Bay exceeds that at »Stonéica« station.

6.2. Relationship between the number of copepods and fish as their
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 (N i-
kolskii, 1969) are determined by the available food that is by a sufficient
quantity of zooplankton in the sea.

Sardine feeding was particularly studied in the Adriatic owing to the
commercial importance of this fish species. The first data on this fish food
composition were given by Steuer (1908). Muzinié¢, S. (1936) reported
also on the diurnal and montly rhythm of sardine feeding. Even though these
data originate from the catches realized in the middle Adriatic as distinct
from the previous ones which originated from the north Adriatic catches
both the data on the qualitative food composition and those on the time of
taking [ood are in broad agreement.

Ercegovié¢ (1940) studied sardine feeding during the stage of meta-
morphosis and gave particular attention to the time of food taking. Studying
the spawning and spawning grounds of sardine in the Adriatic and observing
the data on zooplankton biomass Gamulin (1954) concluded that their
spawning took place at the maximum occurrence of zooplankton.

In addition to the observations of diurnal and annual patterns of sardine
feeding (Vudetié, 1955) qualitative and guantitative analyses of food in
relation 10 different gears and parts of the day were given particular atten-
tion. It was found that stomachs of sardine caught by four differemnt nets
contained copepods in very high quantities (about 30°%) while qualitative
composition of other zooplankton groups considerably differred (Vucetid,
1963c).

Quantities of food as affected by the diurnal and seasonal feeding
patterns were also studied. It was found that sardine fed most intemsively
in the afternoon. Highest quantitative of food were recorded in May and
lowest in August (Vudéetié, 1963d).

Zooplankton biomass (dry weight) was, further, compared with the data
on sardine catch statistics. An inverse relationship was established between
these two components. It was also suggested that due to poorer feeding fish
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are more easily moved since unavailability of food forces them to the search
for food what is trophic migrations further favourable for fishing (Vuéeti i é
1960, 1863d, 1965).

It was also indicated for the area of the middle Adriatic (Kastlea Bay,
Stonédica) that zooplankton dry weight seasonal distribution coincided with
the echo-traces or fish abundance. Comparison of echo traces and individual
zooplankton groups gave positive correlation between echo traces and cope-
pods in the open sea (Stoné¢ica) (p = 0.001), and in the Ka$tela Bay 'rather
high values of the coefficient of correlation between echo-traces and decapod
larvae (Vudcetié, and Kac¢ié¢, 1973, 1973a).

Vucetié (1975) studied the synchronism of sardine and anchovy spaw-
ning (egg numbers) and zooplankton standing-crop (dry weight). This author
found that sardine most intensive spawning preceded zooplankton maximum
and anchovy most intensive spawning followed annual zooplankton maximum.
Further, this author found that anchovy egg quantities during the year coin-
cided with the numbers of copepod Euchaeta hebes and decapod developmen-
tal stages, while maximum sardine egg quamtities preceded copepod group
maximum. It was also shown in the same paper that annual correlation
between echo-trace abundance 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 correlation was established in
the Bastela Bay (r = 0.07) and at Stondica (r = 0.145) with not significant
correlation coefficents. Therefore future researches should give particular
altention to the relationship between quantitatively dominant species of both
groups which should throw more light on the predator-prey relau(mshlp
which was here only established.

7. Pattern of total copepod number variations as affected 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 (chapter 7.3.1). Rather large number of annual maxima was establised
for all three stations in spring, summer and autumn. Positive correlation
with temperature and salinity and negative correlation with density were
recorded in the Kastela Bay with the notsignificant correlation coefficients.
However, these relationships were far more complex at »Stoncica« and »Pele-
grin« and correlation coefficients were mainly not significant. |

Variations of the total mumber of individuals in different years were
discussed in the chapter 7. 3. 2. It was found that no qualitatively significant
Adriatic water exchanges took place in the coastal area in the 1970—1974
period which would have caused a long-term increase in the total number
of copepods.

Data on copepod numbers have further, been compared with phyto-
plankton as their principal food as well as with the total number of fish
eggs as indicators of the quantity of fish — the main copepod predators
(7.6.1. and 7.86.2). Statistically proved correlation with phytoplankton was
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established for the Bay with the correlation coefficient »r = 0.67 as well as
posilive correlation with the number of fish eggs even though with the
notsignificant correlation coeficient.

Therefore, since the calculation of correlation coefficients gave the rela-
tionship of interdependence hetween all these compomnents (particularly in
the Bay which is almost an uniform system) we intend here to observe the
paitern of variations of these factors to establish the periods of these varia-
tions. To establish these periods and owing to a large number of data —
about 60 per each station and parameter — the autocorrelation method was
applied to the following series:

number of copepods
temperature

salinity

primary production

and number of fish eggs.

Autocorrelation function was applied after Southworth (1960) in
the following manner: departure of each of the data (x;) from the common
mean was calculated and afterwszrds inserted into the autocorrelation func-
tion:

"}:Xi ' X
i+p

Ty =
X2

where p is the time shift. For every shift 2X;-X was divided by the
i+t
variance of p = O. ’

Thus the most pronounced maxima of the number of copepods for the
»Kastela Bay station were obtained at 12, 14, 22, 24, 26, 36 and 33 months
(Fig. 22) which is indicative of the twelve month periods. This proves that
the annual copepod cycle is very pronounced in the KasStela Bay.

Since this study also includes the observations of the variations of
copepod numbers as affected by individual biotic and abotic environmental
factors the data on which were available, the method of autocorrelation was
applied to establish the pattern of variations of temperature and salinity
as well as the pattern of variations of primary production and number of
fish eggs. Fig. 40 depicts the autocorrelation coefficient values for abiotic
factors and the autocorrelation coefficient values for copepod numbers.
Graphical representation shows that 12, 24 and 36 month maxima are most
marked for temperature, that is that annual temperature variations follow
markedly regular pattern in the 1970-—1974 period.

The 11, 23 and 34 month maxima were found for salinity. They are in
agreement with the mentioned 12 month cycle of copepod number and tem-
perature variations.

Autocorrelation coefficient values for the number of copepods and biotic
environmental factors — primary production and number of fish eggs are
given in Fig. 23. It may be seen that the occurrence of primary production
maxima is markedly regular. The period of 12 months, that is one year,
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Fig. 22. Autocorrelation function of the copepod number,
temperature and salinity at the »Kastela Bay« station

is most pronounced here, as well. The number of fish eggs shows the same
period {12 months).

Accordingly, regular annual variations of all biotic and abiotic factors
(temperature, salinity, primary production, number of fish eggs) were establi-
shed for the Kastela Bay. Increased autocorrelation coefficent wvalues of
salinity of 23 months and of the copepod number and fish eggs of 36 and
38 months respectively even though with the shifts at the confidence level
of 99%, might be indicative of the periods of two or three years. Namely,
Zupanovié (1968) in his studies of long-term fluctuations of sardine
caiches along the eastern Adriatic coast found the periods of 3, 8.1, 11, 17.5,
28, 37 and 57 years. Longer periods this author held due to the Mediterranean
ingressions (Buljan, 1953) that is in a wider sense to the weather changes
on a world scale, as well as to the oceanic current fluctuations. The same
author suggests that the three year period may be in connexion with colder
winters in the Adriatic. Applying spectral analysis to a hundred year data
series on sardine catches and solar activity Regner, S. and Gac¢ié¢ (1974)
found that the best pronounced year period was accompanied with the
periods of 2.5 years. However they could not establish their causes.

On the basis of the results given by mentioned authors (obtained from
the long data series) we also believe that the periods of two or three years
are possible. However, this could not be proved due to the too short time of
our observations.
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Fig. 23. Autocorrelation function of the copepod number,
primary production and fish egg number at the
»KaS§tela Bay« station

The variations of copepod number is far less regular at »Pelegrin« than
in the Kastela Bay. Fig. 24 shows a larger number of maxima: the 12, 14,
17, 25 month omes as well as the best pronounced 37-month one. Only tem-
perature showed very regular 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. As 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 conditions are more com-
plex there than those in the Bay.

At »Stondica« — 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 in salinity 14
and 24 month maxima are accompanid with the most pronounced 37 month
one.

Primary production shows 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 in the study area is wvery wuniform. Namely, 12 (24
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Fig. 24. Autocorrelation function of copepod number, tem-
perature and salinity at »Pelegrin« station

and 36) month maxima were established which prove a regular annual
variations of all the factors. At the same time on the basis of the autocorre-
lation coefficient value of salinity in the Kastela Bay ‘it is assumed that
periods of about two years are possible. The periods of three years are
assumed for copepods and salinity at Pelegrin and salinity at Stoncica. These
assumptions may be in agreement with some earlier results of investigations
in the Adriatic (Zupanovié¢, 1968; Regner, S. and Gadié, 1974)
which, based on the longer data series, showed itwo and three year cycles
of Adrialic sardine catches. Established period of 12 (24, 36) months is indi-
cative of the regular seasonal variations of all the parameters examined in
the study area. '

Perioas ot twz (for salinity in the Kastela Bay), and three years (for
copepods and salinity at Pelegrin and salinity at Stonédica) could mot be
statistically proved due to the too short data series.
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CONCLUSIONS

A total of 98 copepod species were recorded from the mid-Dalmatian
coastal area during the five year studies: 53 from the Kastela Bay, 91
from »Pelegrin« and 90 from »Stondica«.

Horizontal distribution showed the following: markedly neritic species
dominated in the Bay, neritic and open sea species were most {requent
in the channel arca and open sea species at »Stondica«,

The occurrence of open-sea species at »Pelegrin« and »¥astela Bay«
stations is suggested to be related to the current system, where NE direc-
tion carries open-sea water masses towards the coast most frequently in
winter-spring period. On the other hand, temporary occurrence of neritic
species at »Pelegrin« and »Stoncicax may partly be due to the stronger
outgoing Adriatic current which facilitates the dispersion of neritic spe-
cies from the northern Adriatic. It may also be related to the W direc-
tion which carries surface water masses offshore.

Seasonal maximum numbers of species were recorded from all the stations
in winter, and minimum ones in spring and summer. It is also suggested
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that this is related to the intensified effects of the open sea on the
coastal area of the middle Adriatic.

It was found that the composition of copepod community changed seaso-
nally. In addition, long-term changes were also recorded. The increase
in the mumber of species in the 1970—1974 period coincided with occur-
rence of larger number of open-sea species. However, neither the changes
in the species composition were considerable nor the variations 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.

Species diversity index gradually increases if one proceeds from the
coast towards the open sea. At the »Kastela Bay« station d = 2.682, at
»Pelegrin« d = 4.86 and at »Stonc¢ica« d = 6.252. At all the stations maxi-
mum values of diversity indices were established mainly in winter and
minimum in summer. This is in agreement with the records 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 all stations in 1970 and minimum ones in 1972 and 1973. This,
however, could not be related to the long-term wariations of species
numbers over the period of investigations.

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

Positive 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 correlation between copepods and sea water density
(r = — 0.139).

Total number of copepods showed positive correlation with temperature
only at »Pelegrin« and »Stondica« stations.

The observations of the total number of copepods over the 1970—1974
period showed only slightly differences from one year 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.

Copepods constituted from 18.72 to 99.43% of the total zooplankton
counts at the »Kastela Bay«, from 7.75 to 77.66%0 at »Pelegrin« and from
9.11 to 92% at »Stondica«. These high percentages show the significance
of copepods as quantitatively dominant zooplankton group. This was pro-
ved also by the high value of the coefficent of correlation between the
number of copepods and the total zooplankton number (r = 0.673;
p < 0.001).
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Copepods were most abundant in the coastal area in autumn and winter,
in the channel area in spring-summer and in the open sea in summer.
This group numerically dominated the zooplankton population of the
Kastela Bay in 1974, at »Pelegrin« in 1973 and at »Stondica« in 1971.

The following species dominated the zooplankton population in the Ka-
§tela Bay: Ctenocalanus vanus, Centropages typicus, Centropages kréyeri,
Temora stylifera and Acartia clausi and accounted for 76.29% of the
total mumber of copepods; Ctenocalanus vanus, Centropages typicus, Te-
mora Stylifera and Clausocalanus jobei were the dominant species at
»Pelegrin« constituting 50.65% of the total number of copepods; the
species that were predominant at »Stonéica« were Mecynocera clausi,
Clausocalanus jobei, Clausocalanus furcatus, Ctenocalanus vanus, Centro-
pages typicus, and Temora stylifera making up 42.05% of the total
copepod counts.

The dependence of each of the dominant species on sea temperature and
salinity was statistically observed. Positive correlation coefficients were
established for copepods which preferred higher temperatures and sali-
nites and negative ones for copepods which occurred in higher numbers
during the colder part of the year and at longer salinities. In this con-
nexion a seasonal alternative occurrence of dominant copepods was esta-
blished.

Thus, Acartia clausi numerically dominated in winter-spring, Ctenocala-
nus vanus in spring-summer Clausocalanus jobei, Clausocalanus furcatus
and Centropages typicus in summer-autumn and Centropages Kkroyert,
Temora stylifera and Mecynocera clausi in autumn,

Fositive correlation between the number of copepods and phytoplankton
as their principal food was also established with the significant correla-
tion coefficient for the Kastela Bay (r = 0.670; p < 0.01) and not signifi-
cant coefficients for Pelegrin (r = 0.10) and Stoné¢ica (r = 0.12).

Positive correlation was also established between the number of cope-
pods and fish eggs however with mot significant correlation coefficient
for both the Kastela Bay (r = 0.07) and Stondica (r = 0.145)

Observations of the pattern of variations of copepods and some of the
abiotic (temperature, salinity) and biotic environmental factors (primary
production, number of fish eggs) by the autocorrelation method showed
maximum values of autocorrelaticn coefficient for the periods of 12, 24,
and 36 months at all three stations.
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SEZONSKA I VISEGODISNJA DINAMIKA POPULACIJA KOPEPODA
SREDNJEG JADRANA

Dubravka Regner

Institut za oceanografiju i ribarstvo, Split, Jugoslavija

KRATAK SADRZAJ

U ovom radu iznose se rezultati petogodi¥njih istraZivanja kopepoda iz
obalnog podrudja, kanalnog dijela, te otvorenog mora srednjeg Jadrana.

U radu je po prvi put razmotrena na osnovu viSegodi$njih mjeseénih
podataka, horizontalna raspodjela kopepoda u srednjem Jadrana. Za svaku
od 98 nadenih vrsta izneseni su podaci o kvantitativnoj zastupljenosti kroz
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godinu i kroz cijelo razdoblje, to predstavlja doprinos poznavanju njihove
sezonske i visegodisnje dinamike.

racene su sezonske i viSegodiSnje promjene kvalitativhog i kvantita-
tivnog sastava kopepoda. Na osnovu viSegodiSnjih podataka izradunat je
indeks raznolikosti vrsta kao numeric¢ki izraz sirukture ove skupine.

U radu su statisticki razmotrene sezonske i viSegodi$nje promjene broj-
nosti kopepoda u odnosu ma temperaturu, salinitet i gustoéu mora od abiot-
skih faktora sredine, te broj fitoplanktonskih i ihtioplanktonskih organizama
od biotskih faktora.

Posebno je jo§ pradeno ucCeSée kopepoda medu ostalim zooplanktonskim
organizmima, kroz godinu i kroz petogodisnji period.

Statisticki su obradeni podaci o kvantitatvmo dominantnim vrstama kope-
poda i njihovoj zastupljenosti u odnosu na temperaturu mora i salinitet, kao
i periodi¢nost kolebanja ukupnog broja kopepoda u odnosu na temperaturu,
salinifet, primarnu produkciju i broj ribljih jaja.






