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MICROFAUNAL DISTRIBUTION IN THE SURFACE SEDIMENTS
OF AMVRAKIKOS GULF (WESTERN GREECE)

C. Tziavos® and N. Vouloumanos”

ABSTRACT

Sedimentological and microfaunal research carried out in the Amvrakikos
Gulf (Western Greece), revealed distinct sedimentary patterns and species
diversities of foraminifera 'and ostracoda, influenced by the deltaic
activity of Louros and Arachthos rivers. Particularly, the distribution of
the microfauna seems to be influenced also by environmental conditions
such as depth, salinity, dissolved oxygen, turbidity, organic content in
the sediment, as well as the nature of the surface sediment. With the
ekception of some widespread species, the rest show a preference on low
energy, with higher degrees of salinity and oxygen, environments. Moreo-
ver, microfaunal diversities increase with increasing depth and organic
content in the sediment.

ZYNOV¥H

I{NUOTOAOYLKEG KOL HLKPOMXAXLOVIOAOYLKEG €peUveg nou £Aafav XOpa OT1ov
ApPpakitkd KOAmo, €delfav gapelc tinuoatoloyLkég evoInNIeg Kol Xatovouég
€180V TPNUOTOoPOPRV Kol OCIPAKwdAOV, oL onoleg ennpe&lovial and 11 SeATA(KY
dpacTInELOTINTH TV MNOTHUOV AoUpou kat UpaxBou. EtdikdTepa, N KATAVOUR 1NC
pixponavidag ealvetal va ennpe&letal eniong and nep LBAAAOVT LKOUC NUPEYOVIES
énwg 10 P&Bog, 1Tnv alatdinita, 10 ofuydvo ce dLdAuorn, In BoAegpdIinrta, TNV
neplexTiROTNTO 08 opyavIk& 010 ({nua, 6nwc eniong xol tn @UON TOU £OLOAVE LAKOU
1{Apatog. Me sgfaipeon peplkOV eupéwg dLadedopévev €1dOv, To undlolno
delixvouv mpotiunon ogeg xaunAng esvépyelacg, ue ulPnAioucg deikteg o ohatdinia
kot ofuydvo, mnepiB&rlovia. Enil nAéov, o1 eppavicelg¢ tn¢ uplxponavidag
auf&vouv pe Tnv avfnon tou B&BoUC KaL TNG NEPLEKT LKOTNTAC OF OPYXVIKA OTo
{{nua. ‘

1. INTRODUCTION - REGIONAL SETTING

The aim of this paper is to present various species of microfossils
(Foraminifera and Ostracoda) found in the surface sediments of Amvrakikos
Gulf, as well as to combine micropaleontological and sedimentological data, in
an initial attempt to understand sedimentary patterns and microfaunal distri-
bution in the gulf.

Amvrakikos Gulf is a restricted, enclosed embayment, located between the
regions of Epirus and Aetoloakarnania (Western Greece, Fig. 1). It has an
irregular shape and its maximum dimensions are 18.5 nautical miles length, 10
nautical miles width and 60m depth. Its only connection to the adjacent Ionian
Sea is located on its western side and measures some 600 m width and 7-10 m
depth.

National Centre for Marine Research (EKGE), Ag. Kosmas, Elliniko, 166 04
Wnoiakn BiBAI0Brkn "OedppacTog” - TuAua Mewloyiag. A.MN.O.

429



EPIRUS

AETOLOAKARNANIA

=0 50 2 s}

Fig. 1: Bathymetry and sampling stations in the Amvrakikos Gulf.

The coastal system of the gulf is quite complicated and includes a substan-
tial number of lagoons (6 major ones with depths varying from 0.5 to 1 m but
in some locations down to 4 m) and two major deltas (from Louros and Arachthos
rivers). These deltas and most of the lagoons are located at the northern part
of the gulf whereas, at the eastern and southern part, there are only some
weddies comprising the local hydrographic network.

The region is built up of three geotectonic units, overthrusted one upon the
other; The Ionian Unit (shallow and deep water carbonates, flysch}, the
Gavrovo Unit (shallow water carbonates, flysch) and the Pindos Unit (typical
deep water alternations of carbonates and siliceous materials, flysch). As for
the post-alpine formations, they include Recent and Pleistocene delta se-
quences, terra rossa and alluvial fans.

The general structural trends and lineaments of the region are of NNW-SSE
orientation (I.F.P. & I.G.R.S., 1966). On smaller, more local scales, there
are other orientations as well. A probable cause for the genesis of the
Amvrakikos Gulf is attributed to the fault zone that crosses the Ziros lake
(Tziavos et al, 1989).

2. SEDIMENTOLOGY

The sedimentological and micropaleontological study of the surficial sediments
was based on a set of 43 surface samples (Stations 6-48), taken during a cruise
in 1986 aboard the R/V “Aegaio” of the National Centre for Marine Research,
using a Macintyre sampler (Tziavos et al, 1989). This was followed by labora-
tory analyses for the determination of granulometry and carbonate content.

The surface sediments of the gulf are mostly greenish-grey (Oyama & Takehara,
1967) . Notable exceptions are the samples from the strait connecting the gulf
to the adjacent Ionian Sea, which are brownish and are characterised by
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substantial amounts of biogenic material.
The sedimentation in the Amvrakikos Gulf is controlled mainly by the source

rocks in the land (carbonates, flysch), the landscape, the climatic condi-
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tions, and the sediment transport due to hydrodynamics.

The two main sources of sediment supply in the gulf are the Louros and
Arachthos rivers, whose networks develop mainly into the carbonates and flysch
of Epirus. This leads to specific patterns of sedimentation in the gulf, as it
is also evident from the Folk surface sediment distribution map (Tziavos et al,
8989, Fig.r2)§

Generally, fine-grained sands are mainly deposited at the western part of
the gulf (Louros), whereas silt prevails in the eastern region, due to
different mainland rocks (carbonates at the western part, flysch at the
eastern). The sand fraction is present throughout the coastlines due to
hydrodynamic, wave and basin configuration factors (mainly at the shallower
northern coasts of the gulf). The more tranquil and clear environment of the
western part of the gulf leads to higher diversities in the microfaunas, as we
will see below.

3. MICROFAUNAL DISTRIBU-
TION

For microfaunal analyses,
samples of the 43 stations
were selected, washed
through a 631 sieve, and
subsequently dried. The sam-
ples were split and all the
foraminifera and ostracoda
contained (everything larger
than 1251) were picked,
mounted in Chapman slides,
identified and counted. The
results are displayed in
Table 1.

Table 2 is dealing with
the most abundant benthic
foraminiferal genera in the
gulf.

Table 3 combines bathyme-
trical and sedimentological data, i.e. sand, silt and clay percentages in each
station.

Table 4 displays the distribution of the most abundant genera of benthic
foraminifera in the gulf.

Determination of the samples was based on Loeblich & Tappan (1964), Colom
(1974), Murray (1971), Jorissen (1988), Tziavos (1977), Bonaduce et al (1975),
Hanai et al (1988), de Deckker et al., (1988) and A Stereo-Atlas of Ostracod
Shells (since 1973). It should be stressed that more attention was paid to lump
taxa with specific palecenvironmental properties, and not to get involved into
taxonomic problems. The approach used is semi-quantitative, since the relative
frequencies of the taxa are indicated as, rare, common and abundant, where the
appearance was 1-3, 4-7, and more than 8 individuals respectively.
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Fig. 2: Surface sediment distribution in the
Amvrakikos Gulf (according to Folk,1974)

4. DISCUSSION AND CONCLUSIONS
The benthic microfauna of the Amvrakikos Gulf (foraminifera and ostracods)
is characteristic of a low salinity, rich in nutrients, cocastal to shallow
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Table 1:Microfaunal distribution in the Amvrakikos Gulf

Stations

Species GI'Il910111213"1!16171!13!)21nﬁﬂﬁﬁﬂﬂmﬂnhﬂ“ﬂﬁﬂ“"u

< ||
14
W ]
T8
Z
=i

19
< - )
s ‘%
© |1.2|Rosalina gobuderis

23| Rotalia granuata
LL 24 sigmailina sp.

25| Sipmailopsis schiumberperi

26| Siphotextuania finti

27| Spirdocdina spp.

Textdaria spp.

28|
29| Tretomphalus bulloides
30| Trloctfina tigoreda

31| Vawdinenia sp.

Acanthocythereis sp.

Aunila sp.

Bosquetina dendata

Calistocythere sp.

Cyprideis torasa

Cytheralla sbyssarun

Cytheretta sp.

1
2
3
4
| Carinocythersis carinata
B
7
8
g

Cytheridea neapdlitana

Cytherama sp.

11| Hitermanicythere sp.

12| Loxaconcha aglis, L rambaidea

13{ Paradoxostoma simde

14} Palicope sp.

15| Pardocythere sp.

OSTRACODA

16| Propantocypris pirifera

17} Pterigocytherais sp.

18| Xestoleber's cammanis

Depthinm B|-2-0] 02| 0|8t 4] 3] a1].s] 38| 2] 2] as) 7| 3| 37 % 2| as| 0] 33| sei 8| 49] 2] 53] 0| 40} 47| 43] 25| 4] 2
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LEGEND [  Rare Common I Abundant

marine environment. That is why, with the exception of station 8 (near the gulf

entrance),
abundance -
were found
planktonic
of circular

the diversity of marine foraminiferal species - as well as their
is rather low (Bandy & Arnal 1960) . Moreover, planktonic foraminifera
only in station 8 (mainly Globigerinoides ruber). The absence of
foraminifera in the adjacent stations 6, 7, and 9 indicates a sort
current pattern that inhibits deposition of planktonic foraminiferal

tests in these stations.
Among the benthic foraminiferal species, the most abundant ones are Bulimina

aculeata,
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Textularia spp., Ammonia beccarii, Nonionella opina and the
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Table 2:The most abundant benthic

foraminifera in the Amvrakikos Gulf

Stations
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Table 4:Diversity of the most abundant genera of benthic foraminifera

Ammonia Bulimina
26 26
20 20
16 16
10 10
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Quingueloculina group. As for the ostracods, most common taxa all over the
stations are Loxoconcha agilis, Loxoconcha romboidea and Propontocypris pirifera.
There seems to be no particular preference of any of the above mentioned taxa
to thrive at certain depth spans.

As a general rule, the higher diversity of taxa is observed from stations
whose water depth is down to 30 meters; samples 7 and 8 are indicative of this
(Fig.1l). It is apparent that the diversity decreases towards east, a fact that
should be ascribed to lower salinity but also to the higher nutrient content,
which promotes eutrophism and therefore, oxygen deficiency conditions right
above the bottom. The higher diversity of taxa in samples 6, 7 and 8 should be
attributed to the higher oxygen content in the waters near the entrance of the
gulf, due to their replenishment by fresh Ionian Sea water. At the eastern part
of the gulf, water circulation and subsequent oxygenation of the waters is low.
This, along with the vertical water stratification due to Arachthos river
discharge lead to oxygen depletion conditions; Bulimina aculeata and Textularia
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spp. seem to be the most tolerant taxa in these conditions.

Another reason for the lower diversity of taxa in the eastern part of the
gulf is the Arachthos river delta. Stations 28, 34, 35, 36, 41, 42, 44, i.e.
at the Arachthos delta contain no microfossils at all, whereas stations
influenced by the delta, such as 29, 30, 43 display lower values of diversity.
It is likely that the lower diversity is related to the increased turbidity,
as well as decreasd salinity near the delta. Arachthos’ hydrological basin is
mainly developing in flysch and, therefore, the sediment supply of Arachthos
river is substantially higher than the one of Louros river . This leads to a
pronounced turbidity in the delta front of Arachthos river, further confirmed
by the agglutinated Textularia species, which, in many cases (stations 30, 43)
tolerate the turbidity. It is documented that Textularia spp. prefer a muddy
substatum and slightly hyposaline waters (Dermitzakis & Kourouni, 1982). Its
cosmopolitan appearance should, therefore, be attributed to such conditions,
which are apparent in the Gulf (Fig. 2, Table 3).

Elphidium spp. is abundant in waters down to 32m depth (samples 6, 8, 10},
whereas Ammonia follows closely, but not as strictly (e.g. sample 37, 53m water
depth). Nevertheless, its frequency increases towards east. It seems that
Elphidium prefers a more or less sandy substratum (stations 6, 8) and well
oxygenated waters (entrance of the gulf), whereas Ammonia is more tolerant to
oxygen deficiency conditions, as well as salinity deviations.

Bulimina aculeata and Textularia spp. show a more or less reverse pattern
in abundance (Table 1l). Comparison of the relative frequencies of each taxa
with the surface sediment distribution in the gulf (Fig. 2), reveals a definite
preference of Bulimina aculeata for finer sediments (silt, clay).

Nonionella opina is present at stations deeper than 20 meters and as deep
as 50 meters or more (stations 30, 31). It thrives in the gulf, therefore,
between 20 and 60 meters and tolerates less oxygenated waters.

Quingueloculina group and Triloculina trigonula are more abundant at the
western and central part of the gulf, with a few exceptions (stations 31, 37).
The common denominator of all these stations seems to be tranquillity of the
waters and no tolerance for turbidity (they are absent near the Arachthos
delta) . The same applies (as expected) for Planorbulina mediterranensis, which
is an epiphytic species.

6. ACKNOWLEDGEMENTS

The authors are grateful to the National Centre for Marine Research, Athens,
for financial support of the fieldwork necessary for this paper, as well as for
the laboratory analyses. Sincere thanks are due to Dr. A. Sioulas and S.
Stavrakakis, for their co-operation during the fieldwork and the elaboration
of the data.

7. REFERENCES

BANDY, O. L. and ARNAL, R. E. (1960). Concepts of Foraminiferal Paleoecology:
Am. Assoc. Petroleum Geologists Bull., v. 44, No 12, p. 1921-1932.

BONADUCE, G., CIAMPO, G., and MASOLI, M. (1975). Distribution of Ostracoda in
the Adriatic Sea. Pubbl. Staz. Zool. Napoli, Vol. 40, Suppl., pp. 1-304

COLOM, G. (1974). Foraminiferos Iberios Introducion al estudio de las especies
benthonikas recientes. Barcelona, Inst. Inv. Pesqg., 245 p.

De DECKKER, P., COLIN, J.P. and PEYPOUQUET, J.P. (Editors) (1988). Ostracoda
in the Earth Sciences. Elsevier, 302 p.

DERMITZAKIS, M in col. with KOUROUNI, E. (1982). Stratigraphic Survey and

Environmental Interpretation of the Neogene Deposits of Keratokambos (Viannou
Wnoiakn BiBAI0Brkn "OedppacTtog” - TuAua Mewloyiag. A.MN.O.

435



District, Central Crete). Annales Geologiques des Pays Helleniques, Vol.
XXXI, pp. 271-332, Athens.

FOLK, R. L. (1974). Petrology of sedimentary rocks. Texas, Hemphill Pub. Co.,
184 p.

HANAI, T., IKEJA, N., and ISHIZAKI, K. (Editors) (1988). Evolutionary biology
of Ostracoda. Its funtamentals and applications. Proceed. Ninth Inter.
Symposium on Ostracoda, Shizuoka, Japan, Elsevier, Tokyo, 1356 p.

I.F.P. and I.G.R.S. (1966). Etude Geoclogique de 1’ Epire, Editions Technip,
Paris, 306 p.

JORISSEN, F. J. (1988). Benthic foraminifera from the Adriatic Sea; Principles
of phenotypic variation. Utrecht Micropal. Bull., Vol. 37, 174 p.

LOEBLICH, A.R. and TAPPAN, H. (1964). Protista 2. Sarcodina, Chief.
“Thecamoebians” and Foraminifera. Treat. Invert. Paleont., Moore R. C.,
(Ed.) Geol. Soc. America and Uninivers. Kansas Press, 900 p.

MURRAY, J. W. (1971). An Atlas of British Recent Foraminiferids. Heinemann
Educational Books, London

OYAMA, M. and TAKEHARA, A. (1967). Standard Soil Colour Charts.

A STEREO-ATLAS OF OSTRACOD SHELLS (since 1973). British Micropalaeontological
Soc.

TZIAVOS, C. (1977). Sedimentology, Ecology, and Palaeogeography of the Sperchios
Valley and Maliakos Gulf, Greece. M. S. Thesis, Univ. of Delaware, 119 p.

TZIAVOS, C., STAVRAKAKIS, S., PAVLAKIS, P., SIOULAS, A., ALEXANDRI, M.,
BARBETSEA, E. and FILIPPAS D. (1989). Oceanographic study of Amvrakikos
Gulf. Tech. Rep., Vol II, Marine Geology, National Centre for Marine
Research, Athens, 320 p.

43 WnoiakA BiBAI0BNAkn "OedppacTtog” - TuAua Mewloyiag. A.MN.O.




