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PRINCIPLES OF STUDY OF ADRIATIC SHELF ECOSYSTEMS FROM
THE VIEWPOINT OF APPLICATIONS IN GEOLOGY

(Figs. 6, Tabs. 2)

Abstract: Geological Institute of the Slovak Academy of Sciences,
in cooperation with “Centar za Istrazivania Mora” (Centre for Marine
Research of the Yugoslavian Academy of Sciences), realized in the years
1964—1974 under the guidance of the author of this paper an actuogeo-
logical research of the shelf in the Adriatic Sea. In this introductory
paper, basic data are presented on the methodology of the research and
standard facies determination applied in the reconstruction of fossile,
especially Tertiary marine sediments.

Peswme : Tleonormyeckuit mHCTUTYT CHOBAlKOM aKajcMMil HAYK, B CO-
TpyaHuuecTse ¢ LleHTpom s uccinepoBaHus mopa HOrocjaasckoi akajemun
HAyK, nposoaun B r. 1964—1974 noji pYKOBOJACTBOM aBTOpPa 3TOH CTaThi
AKTYOrecoJIOrMuecKoe uccaejopanue menba B Ajpuatnueckom Mopu. B 37100l
BBOleOﬁ[ CTATBEM TIPUBOOATCA OCHOBHBIC JAHHBLIC O METOAMKE HCCHENOBaAHMHA
W ONpejle/ieH CTAHAAPAHBIX paunil KoTopbie OblM NPUMEHEHB TIPU pe-
KOHCTPYKUMK (DOCCHIIBHBIX, MPEMKAE BCErO TPETHHHLIX MOPCKMX OCAJIOK.

One of the most effective methods of the reconstruction of fossile environ-
ments in sedimentary, especially Tertiary rocks, is the application of recent
facies on the basis of their biological content. However, this requires above
all a thorough study especially of fossilizable organisms, of their qualitative
and quantitative occurence in various environments in recents shelf regions.
At the same time it is, of course, necessary to observe accurately the physical-
-chemical characteristics of the recent environments in different seasons; except
depth they are also the changes of salinity, aeration, pH-values, currents,
transparency and the effects of non-fossilizable organisms, including the seaso-
nal extent of phyto- and zooplankton.

As far as the living (but frequently also the extinct) members of recent
communities are concerned, we can speak mostly only of thanatocenoses.
The physical properties of an environment (e.g. strong swell reaching with
its orbits as far as to the depth of 30 m) and biological transportation of living
or dead organisms frequently displace and thus mix up the otherwise typical
“in situ” communities.

In geology (for the evaluation of fossile communities) it is thus important
to know that a great part of fossile fauna or flora communities represent
mostly thanatocenoses. However, a significant number of communities occu-
ring recently have common or similar ecologic components with fossile, espe-
cially Tertiary communities. They are mostly surviving species or genera
from same or very similar physical-chemical environments.

Already in the sixties, actuofacial (actuopaleontologic) research was carried
out in the brackish environment of the Baltic and Black Sea by the Geological
Institute of the Slovak Academy of Sciences in Bratislava. The results have
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been partially published (Senes, 1960, 1964). However, in the years 1964—
—1974 the actuopaleontologic and actuogeologic study was centred on the
northern and southern parts of the Adriatic Shelf. The reason for this was
the fact that Adriatic Sea of the Mediterranean region proved to be the most
suitable one for the identification of fossile facies, especially of marine Ter-
tiary of Paratethys. (The investigations have been thus carried out on the
North Adriatic Shelf west of the peninsula Istria (Rovinj) and on the South
Adriatic Shelf near the southern part of the peninsula Peljesac, up to the island
Mljet).

The author of the presented paper intents to publish in the future a detailed
description of the facies with recent ecosystems from the region of North
and South Adriatic Shelf, with the purpose of a further application in the
reconstruction of fossile facies, especially Tertiary ones.

Earlier studies of East and North Adriatic Shelf

Institutes of Oceanography and Biology working on the East Adriatic Shelf,
especially those from Yugoslavia, Italy, Germany and the USA, had mostly
other aims than the application of their results in actuogeology.

Studies of marine facies from the viewpoint of geology have been carried
out in the shelf regions of the Adria only sporadically, in the last 20 vears.
Parallelly with our work, a group from the Geological Institute of the Uni-
versity of Bologna started investigations in the delta of the river Po (Cia-
batti—Colantoni—Rabbi, 1965, 1967) and a group from the Geolo-
gical Institute of the University of Gottingen worked above all in the Lim
channel (Limfjord) north of the region studied by us (Hinze—Meischner,
1968: Paul. 1970: Uffenorde, 1972). These works had unquestoniably
actuogeologic character, especially from the viewpoint of sedimentological ap-
plication. The relations of recent sediments to the micropaleontologic contents
and the history of origin and evolution of Adria have been studied especially
in the works of Van Straaten (1965. 1966).

The majority of other publications lacks actuogeologic or actuopaleontologic
aspects. They nevertheless provided a basis for our research (Vatova, 1928,
1931, 1940, 1943, 1948. 1949:; Riedl. 1963, 1966). They are applicable for
the biocenology of all Adria. The important work of Perés—Picard
(1964) refers in part to Adria as well, especially as far as bathymetric nomen-
clature is concerned. Fundamental works on benthic biocenoses are those
of Gamulin-Brida (1962, 1965, 1967. 1968) as well as Gamulin-
-Brida — Pozar — Zavodnik (1968) and Zavodnik (1968, 1969)
directly from the region of North Adriatic Shelf. In this region, the work of
Riedl (1964) is essential for the water dynamics of rocky littoral. Informa-
tion on the coralligene of the Mediterrarean Sea (Laborel, 1961) are very
important and can be applied also in the Adriatic region, as the works of
Sened (1967. 1968). The relation of the biological contents to the character
of sediments in the region of Rovinj is also mentioned by Schmidt (1935).

Plawen-Salvini (1968) make us familiar with the lithologic character
of some regions of Adria. Hydrographic data, especially on North Adria, are
in the works of Marinkovié¢ (1956), Buljan (1969), Skrivanic
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(1969), Lovasan(1969), Keckes et al. (1969), I1i¢ — Bozic (1969),
Zore-Armanda (1969), Ott —Svoboda (1970).

As far as the methodology of our work and of the sample collecting is
concerned, I refer to the works of Senes§ (1964, 1966) and to the work
of Dérjes — Hertweck (1971). The latter is related to the studies of the
Senckenberg Institute in the Gaetan Bay of the Tyrrhenian Sea, where the
cited author carried out a research of shallow coralligene near Corsica.

The paper of Schifer (1962) has been helpful for the ecologic studies of
fossilizable organisms, although it does not refer directly to Adria nor to
deeper facies.

Methodology used in our study of recent facies

In the years 1964—1974, we investigated the sea-floor of North and South
Adriatic Shelf by means of profiles in a length of approx. 27 km. Direct
sampling was done up to the depth 55 m. (Dreggage is not sufficient for a
more precise application in geology, neither it makes possible the necessary
visual observation).

On the North Adriatic Shelf, in the region of Rovinj, profiles have been
sampled in a length of almost 15 km to a depth of more than 30 m;
on the South Adriatic Shelf, the samples have been collected in a length of
approx. 12 km with Scuba diving. On each profile, so-called “quadrates”
(1 21 m) have been marked out in typical or type facies. To ensure repeated
or long-term observation or sampling, the locations of these quadrates have
been fixed by buoys. Material has been collected from the quadrates on sea
floor up to a depth of 0.15—0.25 m, together with lithological and biological
content. Except this, 5 to 15 samples with a volume of 0.30—0.50 m” have been
collected along all profiles between the “quadrates”, and these have been also
evaluated from the viewpoint of lithology as well as biology (living and
extinet benthic fauna and plankton). In rocky littoral environment, sessile
biologic content has been thoroughly collected and endobios taken from all
fissures, cracks and cavities, including biologic representatives of the nume-
rous submarine caves. (Silicasponges prevail in these caves, producing, in re-
cent as well as in fossile environment, a large quantity of redeposited sponge
spicules in the surrounding sediments.)

This methodology of research, suitable as a basis for a further geologic
interpretation, was for the first time successfully applied in the Carribean Sea
(Senes, 1966) and since 1964 in the Adriatic Sea. Of course, necessary were
not only analyses of physical-chemical characteristics of the studied sea and
its bottom in the wider surroundings of the profiles, but, above all, also the
identification of species of thanatocenoses and biocenoses.®

* As far as the scope of our work is concerned, 32 profiles in total lengths of
14 815 m have been studied and evaluated on North Adriatic Shelf, in the region of
Rovinj. 46 quadrates have been sampled and the number of other documentation
points on the profiles was 286. 7 profiles in a length of 12 040 m have been made on
South Adriatic Shelf, with 68 documentation points or quadrates.
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Cooperation with other research institutions

In the first place, it was the cooperation with “Centar za Istrazivanja Mora —
Jugoslavskoj Akademie Znanosti i Umjetnosti” (Centre for Marine Research
of the Yugoslavian Academy of Arts and Sciences) in Rovinj (CIM — JAZU).
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Fig. 1. Oceanographic terminology in the Adriatic region.
Explanations: 1 — Areas of research; 2 — North Adriatic Shelf; 3 — North Adriatic
Basin; 4 — South Adriatic Shelf; 5 — South Adriatic Basin.

(A research agreement between Slovak Academy of Science and CIM was
signed in the years 1966 and 1969, with a validity to 1974**). As far as the
lithologic character of the sea floor and its study is concerned, we have coope-
rated also with study groups from the Geological—Paleontological Institute
in Kiel and from the Geological—Paleontological Institute of the University
of Goéttingen.

Besides the CIM, colleagues from the Paleontological and Zoological Institute
of the University Wien have been helpful in the precise identification and
determination of mutual relations in recent biological material. This joint rese-
arch programme of the Slovak Academy of Sciences and the CIM was also
a part of the international programme FICSAS (Federation of Institutions
Concerned with the Study of the Adriatic Sea).

** At this occasion I would like to express my gratitude also in the name of our
Institute, to Dr. D. Zavodnik (CIM — Rovinj) and Prof. R. Riedel (Univ.
Wien) for their cooperation and support.
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Fig. 2. Bathymetry of North Adriatic Shelf in the Rovinj region.
Explanations: Islands are marked by black colour.

Hydrographic and sedimentologic character of the studied regions

The Adriatic Sea came into existence in its more or less recent form only
at the end of Pliocene, in Pleistocene and Holocene. This depression was pro-
bably not a foredeep (from the viewpoint of geodynamics) between the Dina-
rides and Apennines.

The Adriatic Shelf reaches in the south approximately to the region between
Gargano (Italy) and Dubrovnik (Yugoslavia), with depths mostly only betveen
25 and 50 m. Only in the Middle Adriatic Basin (or North Adriatic Basin —
NAB), between Sibenik and Pescara, in a narrow belt the depth exceeds
200 m. It is probably a tectonically defined depression. In the South Adriatic
Basin area, with depth over 1300 m, the shelf belt of South Adria becomes,
of course, narrower on its western as well as eastern coast, to a width of
40—60 km.
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Fig. 3. Areas of research on the South Adriatic Shelf.
Explanations: Profiles A 1., A-IL, profile PM — PeljeSac-Mljet.

The temperature of the surface water of Adria is extraordinarily
variable according to the season of the year and geographic latitude: 9—11°C
in winter in northern Adria. The temperature equalizes in open areas of the
sea in august, with peaks around 23—24 °C. These large variations are caused
by climate conditions — relatively cold winters and subtropical temperatures
in summer. Temperature variations in the depth between 100—250 m are
minimal — between 10—13 °C. Marked temperature dividing lines (from april
to august. in depths mostly 11 and 24 m). caused by strong insolation in spring
and summer, are equalized in autumn and winter by the cooling of the surface
water layers and convection flow of deeper, warmer water horizons. In such
way there is, a thorough vertical exchange of water layers, together with a
partial biological exchange (plankton).

The salinity of Adria as well as of the whole Mediterranean region is
notably higher than of the world oceans (34—35 "). In North Adria it attains
in surface horizons its maximum in march — over 38"y. An exception are
the areas of river mouths or submarine karst springs. The mollusc fauna, e.g.
in the area of Omi3 (Central Adria), resembles, according to our observations.
mostly the composition of benthic fauna of the brackish Black Sea (17 "o0).

The attached table of temperature and salinity in different seasons and
depths clearly indicates the importance and variability of seasonal convection
flow in relation to the temperature and salinity. These measurements have
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Fig. 4. Directions and numbers of sea-floor profiles in Rovinj region.

been made in the North Adriatic Shelf in the centre of the region studied by
us, near Rovinj, between the islands Banjole and St. Katarina (Marinkovi¢
1956). In the region of the South Adriatic Shelf the temperature values are
substantially higher, the salinity values, however, are lower.

The aeration of Adria can be denoted in the studied areas as almost
100 "y, especially in spring. It is, of course, caused also by biological factors.
In summer and autumn it attains its minimum, 70—80",. This deficite is
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Fig. 5. Directions and numbers of profiles in Peljesac region.
Explanations: Profiles A-II, C-1, C-2, PM.

caused by gradual dying of plankton, but until the season of convection flows
in winter it is again equalized.

The pH values of Adria vary mostly only between 8.0—8.5, while towards
increasing depth they slightly decrease.

As far as the currents are concerned, Adria is noted for a northern
current flowing along its eastern regions. This current comes from the Ionian
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Fig, 6. Extent ol principal biofacial types of the sea-floor in Rovinj region.

Explanations: 1 — Sargassum; 2 — Padina + Cystoseira, or infracoraligene; 3 —
cucoraligene: 4 — Pecten jacobaeus; 5 — Hippodiplosia; 6 — Turritelle -+ Aloidis:
T — Cymodocea: 8 — Apporhais: 9 — Lithophyllum racemus; 10 — Arca noae —+
Hippodiplosia: 11 — Cladocora cespitosa; 12 — Chlamys opercularis -+ Ophiotrix

quinquemaculata: 13 — Islands of Rovinj region.

Sea. On the north, along Istria, it touches also eastern parts of the North
Adriatic Shelf, it turns southward in the Bay of Trieste and flows along
the Italian coast again into the Ionian and Mediterranean Sea. The current
reaches a speed of as much as 3 km/hour. It is very important for the distribu-
tion of plankton. nekton and benthic fauna. As far as the speed and depth
intensity of local interinsular currents are concerned. no exact measurements
have been made. Their veloecity nevertheless attains up to several dm/s, and
they reach (according to our observations) mostly to depths of 20—25 m.
On the western infralittoral of the island Banjole, the N-S current. for example,
is extraordinarily strong; between the islands Asino-Crveni Otok-St. Giovanni
there is a strong current between the open sea and the sedimentation region
Pirozi-Sestrice.
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Transparency is, especially in the coastal regions, dependent on the
seasons, and thus also on the time of phytoplankton reproduction. The transpa-
rency on the North Adriatic shelf, in a depth of 30 m, is in spring months
at least by 50" better than in october or november. In spite of this, some
species of green algae live on the Middle and South Adriatic Shelf even in
depths of 50—60 m.

High and low tide represent, eg. on the shelf of northern Istria,
as a rule only a few dm. As a result, supra- and mediolittoral are relatively
little pronounced, and thus cannot be very well biologically demarcated.
The peaks on the South Adriatic Shelf, even in the time of high tide, do not
reach the value of one meter.

Lithologic character (sedimentological characteristics) of Holocene
of the Istria region sea floor is menticned in brief, but only generally, by
Van Straaten (1965). However, because of the already mentioned strong
influence especially of physical factors (especially orbital effect of waves) the
lithologic or biologic character changes, especially in a shallower environment.

Sedimentation. Since our research, e.g. of the North Adriatic Shelf,
on an area of approx. 40 km® was concentrated on the broken line of coast
of the Rovinj island region (restricted on the north by the Lim channel and
on the south by the islands Dvije Sestrice and the region of Palu), its central
parts, between the islands Figarola on the north and San Giovanni on the
south, was most thoroughly investigated by our submarine profiles. Morpho-
logy (including the elevations in the form of recent islands) shows the terrain
of the former karst relief in the time of probably the last glacial, when the
level of “Adria” of that time was by 110 to 120 m lower than today.

The rate of sedimentation has been also studied only insufficiently. It was,
and is, e.g. in the island region of Istria, very variable. More towards south,
in the Central Adriatic Basin, it is estimated by Van Straaten (1965)
to be less than 1mm/100 years. In the area of North Adriatic Shelf, in the
region of our studies, where the former karst relief of the last glacial is
often covered by as much as several meters thick sediments, the sedimentation
could be much more rapid. The coastal region between shelf islands is however
often without recent sedimentation, mostly because of strong local currents
between the islands.

Since the numerous islands, representing one-time elevations, are an evi-
dence of the former karst relief, the numerous traces of Pleistocene and Late
Holocene karst hydrographic net occur in the form of flooded caves in various
depths under the sea.

The original terrigene-detrital, especially limestone and dolomite material,
terra rossa, has been washed out after flooding by sea, and, especially under
the influence of benthic organisms, disintegrated, forming the recent sedi-
ments. Prevailing sediments in their varied distribution, e.g. in the Rovinj
region, are sands with different grain-size, partly of organogenic origin. as
well as pelites, especially towards open sea and in non-exposed areas of the
islands which are only slightly affected by stronger currents. These are the
areas where typical development of eucoralligene occurs sporadically besides
muddy sediments.

Flysh material of Istria reached only slightly into the regions of our research.
Similarly, the sediments of Alpine rivers from the north and of the river Po
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(approx. 100 million tons yearly) are transported by the currents of West
Adria along the Italian coast and they do not play any important part in ma-
rine sedimentation of western Istria, even less in the eastern regions of Middle
and South Adria.

The circalittoral of the Rovinj region, with an average depth of 30—45 m.
is represented by arenaceous — detrital mud to mud. Their source region is,
except for atmospheric microcomponents, only Pleistocene and Early Holocene
senile karst of the Isiria peninsula.

Because of only insubstantial trasportation from the recent karst coast of
Dinarides, recents sedimentation occurs in the form of organogenic material
and carbonate sand disintegrated by organisms, and further as the sedimenta-
tion of coralligene. Since the rate of sedimentation is today probably very low.
we assume that our samples from the studied profiles are in. according
to their age and organic composition. from Early Holocene, maybe even
Pleistocene (sediments near Pore¢, north of Rovinj, show in the depth of 18 ¢m
from the sea-floor an age of approx. 6500—7000 years (C-14)). Paul (1970)
came therefore to the acceptable conclusion that the rate of sedimentation on
the North Adriatic Shelf is equal to approximately 2.7 em/1000 years. However,
we should not forget the geologic factors, i.e. subsidence or emergence of
the surrounding relief, which could, or still can. influence the rate of sedi-
mentation in the course of thousands of years. However, the thickness of Holo-
cene. on the basis of recent situation. is - at least theoretically - eg. on
North Adriatic Shelf 3.0 em/1000 years.

Morphological relief variations in the area of Istria, PeljeSac and
Mljet provide ideal study possibilities for littoral slopes reaching in numerous
cases in the Rovinj region as far as 30 m deecp and on the island Mljet
in the form of a perpendicular wall up to the depth of 55 m. The last one
represents a typical rocky infralittoral. Sandy infralittoral planes. especially
between the islands, as well as typical circalittoral. sometimes in several km
distances between the islands, are also represented in a classical way. The
bottom of the bay Kuvi between the islands Pirozi and Sestrice and further
southwards is also a typical circalittoral.

Index of recent shelf facies of the Northern and Southern Adriatic Sea
(Alphabetical and numerical)

In the presented introductory paper I find it necessary to mention the alpha-
betictal and numerical abbreviations of the classification of recent marine
facies characterized according to physical-chemical and biological factors.
(According to our own studies in the Adriatic Sea and with a partial appli-
cation of the bathymetric numenclature of Perés and Picard (1964)).
I use this classification of facies and zones in the description of the studied
profiles in our further papers concerning the reults of our research.

S — extent of supralittoral
M =xtent of mediolittoral
I — extent of infralittoral

IC — transitory zone between infra- and circalittoral
C — vircalittoral
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A more detailed classification of recent facies of the Adriatic Shelf reflects
ail aspects necessary for the reconstruction and identification especially of
Tertiary sediments.

1 —rocky supralittoral
2 — sandy supralittoral
-1 — rocky mediolittoral
M-la — upper
M-1b — lower
M-2 — “trottoir” of mediolittoral
M-3 — gravel, pebble mediolittoral
I-1 —rock phytal infralittoral
I-la — Acetabularia mediterranea facies
I-1b — Padina pavonia facies
I-1c — Cystoseira facies
I-1d — Sargassum facies
I-le — Lithotamnium lenormandi — Halimeda tuna — Amphiroa
rigida facies

S
S
M

I-2  — Infracoralligene
I-2a — Lithothamnium philippi facies
I-2b — Pseudolithophyllum expansum facies

-3 — Shallow, sandy aphytal infralittoral
I-3a — Divaricella — Loripes facies
I-3b — Dasycladus clavaeformis facies

[-4 — Sorted sands of aphytal infralittoral
I-4a — Cardium tuberculatum — Pitaria chione facies
[-5 — Fine- to coarse-detrital sandy aphytal infralittoral
I-5a — Pecten jacobaeus facies
[-5b — Cladocora cespitosa facies
[-5¢ — Lithophyllum racemus facies
[-6 — Fine-arenaceous to muddy detritus of aphytal infralittoral
I-6a — Pitaria rudis — Tellina pulchella facies
[-7  — Sandy to mud-sandy phytal infralittoral
I-7a — Cymodocea nodosa — shallower facies
I-7Tb  — Cymodocea nodosa — deeper facies
I-7¢ — Posidonia oceanica — shallower facies
1-7d — Posidonia oceanica — deeper facies

IC-1 — Transitory zone of muddy aphytal detritus between infra- and
circalittoral
IC-1a — Apporhais pes-pelecani facies
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C-1 — Sandy to muddy organogenic detritus of circalittoral
C-la — Hippodiplosia facies
C-1b — Scrupocellaria—Porella—Hornera facies
C-lc — Areca noae — Hippodiplosia foliacea
C-1d — Sabella pavonina — Spirographis spallanzani facies
C-le — Chlamys opercularis — Ophiotrix quinquemaculata facies

C-2 — Sandy organogenic and detrital sand of circalittoral
C-2a — Lithothamnium fruticulosum — Tapes gregaria facies
C-2b — Venus casina — Tapes geographicus facies
C-2¢ — Sabella pavonina — Venus casina facies

C-3 — Muddy detritus of circalittoral (so-called Turritella communis facies)
C-3a — Turritella communis — Aloidis gibba facies
C-3b — Turritella communis — Myrtea spinifera facies
C-3¢ — Leda fragilis — Tellina div. sp. facies

C-4 — Eucoralligene

I dedicate this introductory paper to the memory of Prof. R. L. Merklin from
Moscow and to still active J. Y. Cousteau from Monaco who inspired me in
the actuotacial studies of recent seas.

In following papers I intent to publish, step-by-step, the results of the research
of the shelf areas of North and South Adria, above all a more detailed lithologic-
-sedimentologic analysis of profiles, quadrates and the sampled documentation
points. The most suitable profiles for actuogeological and actuopaleotological appli-
cation seem to be those on the North Adriatic Shelf, traced in all directions from
the island Banjole, further the profiles between the islands Crveni Otok-Sturago-5t.
Giovanni, profiles between the islands Crveni Otok-Asino-St. Katarina and towards
the mainland and the profiles between Crveni Otok-Pirozi-Sestrice.

On the South Adriatic Shelf, they are the profiles A-1I. and C in the Zuljana region
and the profile P-M between the islands Peljeiac and Mljet.

Translated by K. Janakova
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