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The estimation of phytoplankton biomass by means of chlorophyll a
concertations was introduced in Adriatic investigations at the beginning of
seventies. It was, therefore, of interest to try fo prove the already made
distinction between different productive zones in the Adriatic applying this
method in relation to the earlier estimation which was made by Buljan,
1964. He made an assessment of the Adriatic productivity on the basis of
phosphate quantities and concluded that four productive zones may by distin-
csuished in the Adriatic (Fig. 1). Later on, the zones were supported by the
primary production data (Pucher-Petkovié, 1974). The major part of
the Adriatic (about 57%) constitutes the zone A of lowest production which is
affected by periodical ingressions or inflow of the eastern Mediterranean water
(Buljan, 1953; 1968; Zore-Armanda, 1966; 1969a; 1969b; 1971). These
occasions were always associated with increase of Adriatic productivity (Z u-
panovié, 1955; Vudetié¢ and Pucher-Petkovié, 1969; Zore-
-Armanda, 1970; Pucher-Petkovié et al, 1971; Pucher-Pet-
kovié and Zore-Armanda, 1973; Pucher-Petkovié, 1974;
Vuédetié¢ and Kadié, 1973; Karlovac et al., 1974; Revelante
and Gilmartin, 1977). After Buljan (1964) about 23% of the Adriatic
area covers zone B of high productivity directly affected by the Po river. Zone
C of moderate productivity is the area of channel waters along the eastern
Adriatic coast, partly affected by the land and partly by ingressions. The
zone of the highest productivity is the area of more or less closed bays
along the Adriatic coast (zone D). However, the results obtained in this work
were somewhat different from expected since the chlorophyll a distribution
showed partly a difference from the defined productivity zones. These aber-



rations were recorded in all the seasons, both during productive and non-
productive part of year. This led us to conclude that some relationships bet-
ween the zones as defined by Buljan in 1974—86 period had been changed.
Even though the data were obtained under quite different situations, that
is during different seasons, all the results given in Figs. 2, 3, 4 point to the
fact that the zone of low productivity (A) was reduced while the zone of
moderate productivity (C) was enlarged (Fig. 1). At the same time the zone of
high productivity (B) sometimes extends to the half of the Adriatic, that is
boundary of this zone has been shifted almost to the line connecting Split
and Ancona. As it is well known this is the area of sardine spawning and
intensive fishing for small pelagic fish. From 1967 on a continuous increase
of small pelagic fish catch has been recordeed with a contemporaneous
reduction of the number of fishing days (Fig. 5). This is one of the best
indicators that fish population density has been continuosly increased. This
event is very likely the result of an increase of the trophic basis of the popu-
lation due to the gradual eutrophication of the Adriatic and less to cyeclic
variations, which for the Adriatic are 2.3, 3.5, 8 and 11 years (Zupa-
novié, 1968; Regner and Gac¢ié, 1974; Regner, 1985).
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permanent oceanographic stations

The results of researches, carried out by the Institute of Oceanography
and Fisheries in Split for over three decades, including permanent and com-
plete oceanographic observations and measurements at two fixed stations in
the middle Adriatic, show that the increase of fish catch recorded since 1970
has been accompanied with a trend of increase in both, primary production
(Steemann Nielsen’s method by 14C) and phytoplankton biomass determined
from chlorophyll a concentrations. The station S (Fig. 1.) represents the
open waters of the middle Adriatic, the station K is situated in one of
of the most productive bays of the eastern Adriatic (KaStela Bay). The data
obtained by these measurements show that primary organic production has
been considerably increased both in the coastal and open sea for the last
decade (Pucher-Petkovié and Marasovié 1988). An accelerated
increase of production in the coastal area was recorded for the first time as

2



=, =

- sere

=
P g

= 2, ™

L/_’EL; \:I J*H?|&-/)°? L& S

L
fraFp N

- "“‘méé}ﬂu\we =F ; E
3 e .

o

Py

%

x
2
/‘*—\\o? .

A,

Fig. 2. Spatial distribution of chlorophyll @ (mean values for 0—50 m), April 1978.
(»ANDRIJA MOHOROVICIC«, 1982)

Fig. 3. Spatial distribution of chlorophyll a (mean values for 0—50 m). Cruises in
1974, 1975 (»ANDRIJA MOHOROVICIC, 1982) and 1985/1986 (unpublished
data)

Fig. 4. Spatial distribution of chlorophyl a (mean values for 0—50 m), cruise »BIOS«,
March 1982



early as in 1970. The same process was recorded from the open sea some ten
years later. The increase in both cases was exceeding 60%¢ if compared to the
estimnation made by Pucher-Petkovié and Zore-Armanda, 1973
for the period 1962—1972.

Our measurement of chlorophyll ¢ concentrations also shows a slight
but continuous increase of values in the open waters of the middle Adriatic
(Table 1). This increase trend is less regular in the coastal area (Table 2).

Table 1. Chlorophyll a biomass at station S (Stonéica) in the middle Adriatic

Period mg Chl ¢ m—3
1977—1978 0,17
1979—1980 0,18

*1981—1982—1983—1984 0,20
1987 0,30

* In 1982 and 1984 regular sampling was discontinued, therefore a single value was
given for the 1981—1984 period.

Table 2. Chlorophyll a biomass at station K (KaStela Bay) in the middle Adriatic

Period mg Chl ¢ m—3
1977—1978 0,88
1979—1980 1,01
1981—1982 0,71
1983—1984 1,04
1985—1986 1,35
1987 1,36

It should be pointed out that in spite of the continuous increase of
chlorophyll a biomass, the Adriatic open waters are still oligotrophic if com-
pared to the annual mean values. However, the coastal station (K), with the
annual mean chlorophyll a concentrations exceeding 1 mg m—3 and maximum
surface values 7,8 mg m—3, shows high eutrophication (Chiaudani et al.
1982) the eastern part of the bay shows extremely high eutrophication with
summer surface chlorophyll ¢ maximum about 200 mg m—3).

This increase of primary production in the open Adriatic caused an
increase of small pelagic fish catch (Fig. 5).
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Fig. 5. Primary production at station
Ston¢ica (————), annual sar-
dine catch per unit effort in the
middle Adriatic (—————),
autumn sardine catch per unit
effort in the middle Adriatic
(————). The time scales for
sardine catch (**) and primary
production (*) are in good
agreement but with time lag of
two years
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The last ingressions recorded in the Adriatic in 1976, 1977 and 1978
affected the phytoplankton community differently from the earlier ones
(Vuédetié and Pucher-Petkovié, 1969; Pucher-Petkovié et
al., 1971). In relation to the diatoms, proportions of coccolithorids increased
in the middle Adriatic as earlier but phosphate concentration and total
phytoplankton biomass were reduced (Marasovié¢ and Pucher-Pet-
kovié, 1983). This also affected fisheries resources as shown by a decrease
of sardine catch in the middle Adriatic (Fig. 6). Namely, the catch was mar-
kedly reduced in the 1977—1980 period (Table 3) what may be brought into
connexion with the ingression years.

Table 3. Sardine catch per unit effort on three fishing grounds III, IV and V (Fig. 7).
in the middle Adriatic

Catch per unit effort (kg)

Year 11T v v

1975 2 609 2129 11721
1976 4 359 4615 1438
1977 4682 3425 1785
1978 _302¢ 3816 1801
1979 3109 2610 1856
1980 “2892 3422 1977
1981 4356 6025 2220
1982 4809 5761 3511
1983 6 862 6976 2 081
1984 6288 7516 2910
1985 5823 8 860 3455
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Fig. 6. Primary production at station
Stotnica (————) and sardine
catch in fishing ground IV
(————). The time scales for
sardine catch (**) and primary Fig. 7. Fishing grounds III, IV and V
production (*) are in good in the middle Adriatic
agreement but with the time
lag of two years




All the data brought out show that, at the moment, the effects of ingres-
sions are very likely disguised by increased eutrophication, that is recent
effects of ingressions on the Adriatic waters, particularly the coastal ones,
are opposite to the earlier ones.

At mid seventies the first mass blooms began to occur in the coastal
area causing the missing of summer phytoplankton minimum which had
been characteristic of the seasonal phytoplankton cycle (Pucher-Petko-
vié, 1975). At the same time, these. quantitative changes were followed by
qualitative changes within the coastal phytoplankton community (Pucher-
-Petkovi¢ et Marasovié, 1980). It is of interest that summer mini-
mum of phytoplanktion density occurred in 1977 and 1978, affected by
ingression, to disappear again in 1979. Since 1980 mass blooms have been
from time to time accompanied with red tide occurrences. This is once again
indicative of a considerably advanced eutrophication which has already
begun to exert adverse effects in some bays (Marasovié and Vukadin,
1982).

All the data presented in this paper support the fact that the process of
intensified eutrophication has begun to develop in the open Adriatic waters,
as well. This is very likely due to increasing intensity of the northern Adri-
atic impact on the middle Adriatic. Namely, affected by the Po river, the
eutrophication has assumed very high levels in the northern Adriatic (Reve-
lante and Gilmartin, 1976a; 1976 b; 1977; Revelante et al., 1985;
Smodlaka, 1985; Benovié et al., 1987). The eutrophication of the
open mid-Adriatic waters is, to a certain extent, also affected by highly eutro-
phicated coastal waters (Pucher-Petkovié and Marasovié, 1988),
the complete situation being superimposed by defined climatic changes (H a n-
son, 1988).

However, the eutrophication of the middle Adriatic open waters is a
positive proces, which means that it positively affects living resources resul-
ting in an increase of the Adriatic sardine catch.

REFERENCES

»ANDRIJA MOHOROVICIC« 1974—1976—1982. Reports and results of the oceano-
graphic investigations in the Adriatic Sea. Hydrographic Institute of the
Yugoslav Navy, Split, 239 pp.

Benovié, A, D, Justi¢ and A. Bender. 1987. Enigmatic changes in the
hydromedusan fauna in the northern Adriatic Sea. Nature, 326 :597—599.

Buljan, M. 1953. Fluctuation of salinity in the Adriatic. Izvj. Rep. Rib.-Biol.
Eksp. »HVAR«, 2 (2) 63 p.

Buljan, M. 1964, Ocjena produktivnosti Jadrana na temelju njegovih hidrograi-
skih svojstava. Acta Adriat., 11 : 35—45.

Buljan, M. 1968. Fluktuacija oceanografskih svojstava srednjeg Jadrana u raz-
doblju od 1962—1967. Pomorski zbornik, 6 : 845—865.



Chiaudani, G., G. F. Gaggino, R. Marchetti and M. Vighi 1982,
Caratteristiche trofiche delle acque costiere adriatiche: Campagna di rileva-
vamento 1978—1979. CNR — Progetto Finalizzato »Promozione della qualita
dell’ambiente«, Serie di monografie AQ (2) 14, 144 pp.

Hanson, L. C, 1988. The Scientific and Human Aspects of Global Environmental
Change. Maritimes, 32 : 1—3.

Karlovac, J, T. Pucher-Petkovié, T. Vuceti¢ i M. Zore-Ar-
manda. 1974, Procjena bioloskih resursa Jadrana na osnovi planktona. Acta
Adriat., 16 (9) : 157—183.

Marasovié, I.and I. Vukadin. 1982, Red tide in the Vranjic basin (KaStela
Bay) Bilj. Inst. Ocean. Rib., 48 : 7 pp.

Marasovié, I. and T. Pucher-Petkovié, 1983. Irregular phytoplankton
blooms in the Kastela Bay (Central Adriatic). Rapp. Comm. int. Mer Medit,
28 : 97—98.

Pucher-Petkovié, T. 1974. Essai d'évaluation de la prodution primarie
annuelle dans I'’Adriatique. Rapp. Comm. int. Mer Medit., 22 (9) : T1—72.
Pucher-Petkovié¢, T. 1975. Fitoplankton Kastelanskog zaljeva u odnosu na

organsku poluciju. Pomorski zbornik, 13 : 491—500.

Pucher-Petkovié, T, M. Zore-Armanda and I. Kac¢ié¢. 1971. Primary
and secondary production of the middle Adriatic in relation to climatic
factors. Thalassia Yugoslav,, 7 :301—311

Pucher-Petkovié, T. and M. Zore-Armanda, 1973. Essai d’évaluation
et pronostic de la production en fonction des facteurs du milieu dans
I’Adriatique. Acta Adriat., 15 (1) : 3—39.

Pucher-Petkovié, T. and I. Marasovié¢, 1980. Développement des popu-
lations phytoplanctoniques caractéristiques pour un milieu eutrophisé (Baie
de Kastela, Adriatique Centrale). Acta Adriat., 21 : 79—93.

Pucher-Petkovié, T. and I. Marasovié¢, 1988, Indications d'eutrophisation
des eaux du large de 1'Adriatique centrale. Pomorski zbornik, 26.

Regner, S. 1985. Ecology of planktonic stages of the anchovy, Engraulis encra-
sicolus (Linnaeus) in the central Adriatic. Acta Adriat, 26 :1—113.

Regner, S. and M. Gac¢ié. 1974. The fluctuation of sardine catch along the
eastern Adriatic coast and solar activity. Acta Adriat., 15 : 1—11.

Revelante, N.and M. Gilmartin, 1976a. The effect of Po River discharge
on phytoplankton dynamics in the northern Adriatic Sea. Mar. Biol., 34:
259—271.

Revelante, N.and M. Gilmartin, 1976b. Temporal succession of phyto-
plankton in the northern Adriatic. Neth. J. Sea Res., 10 : 377—396.

Revelante, N.and M. Gilmartin. 1977. The effeets of northern Italian
rivers and eastern Mediterranean ingressions on the phytoplankton of the
Adriatic Sea. Hydrobiologia, 56 : 229—240.

Revelante, N, M. Gilmartin, and N. Smodlaka. 1985. The effects of
Po Rivers induced eutrophication on the distribution and community struc-
ture of ciliated protozoan and micrometazoan populations in the mnorthern
Adriatic Sea. J. Plankt. Res.,, 7 : 461—471.

Smodlaka, N. 1985, Primary production of the organic matters an indicator of
eutrophication in the northern Adriatic Sea. 262 pp. Ph. D. thesis, University
of Zagreb, Rovinj (In Croatian).

Vucéetié, T. and T. Pucher-Petkovié. 1969. Long term observation of
plankton fluctuation in the central Adriatic. Stud. Rev. gen. Fish. Coun. Medit.,
41 :13—23.

Vuéetié, T.and I. Kaéié. 1973. Seasonal and annual fluctuatins of zooplankton
and echo traces abundance in the fishing ground of the Central Adriatic.
Stud. Rev. GFCM., 53 : 19—38.

Zore-Armanda, M. 1966. Gradijent tlaka zraka u istoénom Mediteranu i
salinitet jadranske vode. Hidrografski godisnjak, 1965 : 67—78.

Zore-Armanda, M. 1969a. Water exchange between the Adriatic and the
eastern Mediterranean. Deep Sea Res., 16 : 171—178.

Zore-Armanda, M. 1969b. Origine possible des fluctuations de la salinité de
Teau adriatique. Rapp. Comm. int. Mer Medit.,, 19 : 719—722.



Zore-Armanda, M. 1970. Meteoroloski uvjeti i moguénost prognoze ulova male
plave ribe u Jadranu. Morsko ribarstvo, 22 : 157—160.

Zore-Armanda, M. 1971. Influence of long-term changes in the oceano-
graphic/meteorological conditions in the North Atlantic on the Mediterranean.
»The Ocean World«, Proc. Joint. Oceanogr. Assembly (Tokyo, 1970) : 151—154.

Zupanovié, S.1955. A statistical contribution to the study in ecology of sardine
(Sardine pilchardus Walb) in the eastern Adriatic. Acta Adriat, 7:1—31.

Zupanovié, 8. 1968. O uzrocima fluktuacija u lovinama srdele na istotnoj obali
Jadrana. Anali Jadranskog Instituta, 4 :491 p.

Accepted: June 9, 1988

PRODUKTIVNOST JADRANA U ODNOSU NA PELAGICNO RIBARSTVO

Ivona Marasovié, Tereza Pucher-Petkovié
i Veronica Alegria Herndndez

Institut za oceanografiju i ribarstvo, Split, Jugoslavija

KRATKI SADRZAJ

Rad donosi novije rezultate (1974—1986) dugogodiSnjih istraZivanja pro-
duktivnosti Jadranskog mora. Obzirom na dosad veé utvrdene zone razlidite
produktivnosti, ¢ija procjena je izvrSena na bazi hranjivih soli i primarne
organske produkcije, uéinjen je slitan pokuSaj na osnovu podataka o kloro-
filnoj biomasi. Dobijeni rezultati ukazuju da su nastupile izvjesne promjene
u odnosima medu ranije utvrdenim produktivnim zonama (Buljan, 1964;
Pucher-Petkovié, 1974), odnosno da se postepeno reducira zona naj-
niZe produktivnosti na rad¢un zona viSe produktivnosti.

Autori smatraju da na porast produktivnosti otvorenih wvoda srednjeg
Jadrana utjefe visoka eutrofikacija sjevernojadranske vode (pod utjecajem
rijeke Po), kao i ubrzana eutrofikacija priobalnih voda, odnosno da su nave-
dene promjene izazvane ljudskom aktivno$éu. Ovakav zakljufak potvrduje
se podacima o porastu primarne organske produkcije u srednjem Jadranu,
kao i podacima o ulovu male plave ribe u tom podruéju, koji je takoder u
stalnom porastu posljednjih desetak godina.

Istovremeno je razmatran utjecaj ingresionih razdoblja (prodor istoéno-
mediteranske vode u Jadran) na produktivnost otvorenih voda srednjeg Ja-
drana, pri ¢emu je uoteno da je za razliku od ranijih ingresionih perioda,
u posljednjem ingresionom periodu (1977—1980) doslo do pada produktivnosti
Jadrana. Na osnovu ovih rezultata autori postavljaju hipotezu, da zbog poja-
¢ane eutrofikacije Jadrana, u novije vrijeme prodori istofnomediteranske
vode djeluju na obrnut madin nego ranije, odnosno dovode do privremenog
pada produktivnosti jer ublazavaju utjecaj obalnih i sjevernojadranskih voda.
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