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ABSTRACT — The ostracod assemblages of the Plio-Pleistocene section of Monte S. Nicola (Gela, Sicily) are studied quantitatively.
The fluctuations in both the diversity and number of specimens are correlated with a climatic fluctuations as idmtzfg’d by Channell et al.

(1992) using planktonic foraminifers.

The common occurrence of Agrenocythere pliocenica up to the second half of MPI5 and its ?asmodic and rave occurrence at the base of

MPI6, demonstrate the gradual disappmmm‘e of the psychrosphere in the area and the beginning o

the thermospheric environment.

In our opinion, the evident species turnover in the same interval supports the /ayporbe’sis of a change in Mediterranean circulation from estu-

arine to antiestuarine.

RIASSUNTO — [Gli ostracodi della sezione Plio-Pleistocenica di Monte San Nicola (Gela, Sicilia): un’interpretazione paleoecologica] —
Vengono studiate quantitativamente le associazioni ad ostracodi della sezione Plio-Pleistocenica di Monte San Nicola (Gela, Sicilia).
Le fluttuazioni sia della diversita che del numero di individui vengono indirettamente correlate con le fluttuazioni climatiche definite tramite

[ foraminiferi planctonici da Channell et al. (1992).

La comune presenza di Agrenocythere pliocenica fino alla seconda parte della Biozona MPL5 e il suo sporadico rinvenimento alla base della
Biozona MPI6 dimostra la graduale scomparsa della psicrosfera nell area e ['inizio di un ambiente termosferico. Un evidente turnover di specie
nello stesso intervallo viene interpretato come leffetto del cambiamento della circolazione mediterranea da estuarina ad antiestuarina.

INTRODUCTION

The biostratigraphy of the Monte San Nicola sec-
tion (Gela, Sicily) has been detined by Sprovieri
(Bonaduce & Sprovieri, 1985) by means of plank-
tonic toraminifers. The section ranges from the upper
part of the MPI3 Biozone (Pliocene) to the early
Pleistocene (Text-fig. 1).

The ostracod biostratigraphy of the same section
is studied by Aiello et al. (2000) who also undertake
the quantitative analysis of the species as shown in
their table 1.

These quantitative data are utilized in the present
paper in an attempt to interpret bottom palacoeco-
logical conditions and their evolution through time
compared with that of the overlying water mass as
deduced from the planktonic foraminifers.

Channell ez 2/. (1992), trom the standpoint of the
calcareous plankton biostratigraphy and magne-
tostratigraphy ot the present section, interprete the
climatic changes which influenced the surface water
temperatures. A short synthesis of their results 1s sum-
marized below.

- From the base of the section up to the middle part
of the MPIl4 Biozone (interval from the base to
about 24 m), corresponding to 3.70 to 3.38 Ma:
climatic instability with repetitive intercalations of
temperate and warm intervals.

- From the middle part of MPI4 up to the

MPI14/MPI5 biozonal boundary (from about 24 to
33 m), corresponding to 3.38 to 3.16 Ma: rather
sudden climatic warming with persistent warm
conditions.

From the MPI4/MPI5 biozonal boundary up to
the lower part of the MPI5 Biozone (from about

33 to 48 m), and from 3.16 to 2.81 Ma: cool inter-
val: this event is correlated with the world-wide
cooling at 3.1 — 3.2 Ma.

MPI5 Biozone partim (between about 48 and 62
m), and from 2.81 and 2.48 Ma: high climatic
instability with several, rapid intercalations of cold
and warm interval (glacial-interglacial regime).
The sequence of the cold events recorded in this
interval confirms that the final build-up of the
Pliocene glacial ice cap in the Northern Hemi-
sphere represents the culminating stage of a long
interval of general climatic deterioration.

From the second part ot the MPI5 Biozone up to
the MPIS/MPI6 biozonal boundary (from about
70 to 100 m): very warm interglacial conditions.
From the base of MPI6 up to the Plio/Pleistocene
boundary (from about 100 to 140 m): 4 climatic
intervals are defined.

100-106 m: climatic cooling;

107-113 m: warm and more stable climatic condi-
t1ons:

127 m: beginning of gradual cooling in the top-

most part of the Pliocene;
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Text-fig. 1 - Biostratigraphy, lithostratigraphy and samples loca-
tion of the Monte San Nicola section. Planktonic
foraminiferal zones after Sprovieri (7z Bonaduce &
Sprovieri, 1985). The lower boundary of the

Gelasian stage 1s from Sprovieri (pers. comm.).

140 m: further cooling at the beginning ot the

Pleistocene;

- Early Pleistocene (from about 150 m to the top of
the section): progressive cooling.

The deep-water Pliocene ostracods have been pre-
viously studied quantitatively (Barra et 2/, 1998) in
the drilling at Punta di Maiata in the Capo Rossello
arca (Agrigento, Sicily), from the Miocene/Pliocene
boundary up to the first part of MP13 with the inter-
pretation of the evolution of the bottom water condi-
tions.

MATERIAL AND METHODS

The section at outcrop is some 170 m thick. The
quantitative dataset is based on 83 samples (collected
at 2 m intervals) as reported in Aiello ez 2l (2000) tor
the same section, from which 113 species of
Ostracoda pertaining to 46 genera were recovered. All
ostracods were picked out from samples of about 400
or, washed through 120 meshes sieves. For each
species the total number of adult specimens is calcu-
lated on the basis of the sum of the number of com-

lete carapaces plus the greatest number between the
Ef:ft or right valves counted in the sample (see Tab. 1
in Aiello er al., 2000)

Fluctuations in Simple Species Diversity, and in
the abundance of adult specimens as a total number,
expressed as percentages for each sample, have been
taken into consideration.

GENERAL RESULTS
| — Diversity and abundance

Fluctuations in Simple Species Diversity and abun-
dance (total number of adult specimens) throughout
the section show similar trends (Text-fig. 2).

There are 4 intervals which show hlgh percentages
in both number of specimens and species. The first,
from 30 to 50 m shows an average of 264 specimens
and 30 species per sample; the second, from 62 to 80
m has an average of 241 specimens and 20 species;
the third, from 98 to 118 m, and the fourth, from
136 m to the top of the section, both show an aver-
age of 191 specimens and 18 species.

Two other intervals, however, from 82 to 96 m
and from 120 to 130 m respectively, show relatively
low values with some samples barren of ostracods.
There are, nevertheless, two anomalous peaks for
sample 46 at 90 m with 232 specimens and 24 species
and sample 62 at 122 m with 249 specimens and 17
species, respectively.

2 — The assemblages

The most diverse and abundant assemblages are
characterized by species of the genera Agrenocytpere,

Argilloecia, Bythocypris, Cytherella, Henryhowella,
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Krithe and Xestoleberis which confirm the palaeoba-
thymetry of the section, previously evaluated of about

distribution throu%hout the section of some taxa con-
sidered to be of palacoecological significance (see pre-

Text-fig. 2 - Distribution of the number of ostracod species and _ _ Jaiad
vious literature) is given.

specimens through the section.
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Text-fig. 3 - Abundance fluctuations of the most frequently occurring ostracod species in the section.
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Agrenocythere pliocenica (Seguenza, 1880), Argil-
loecia kissamovensis Sissingh, 1972, A. trapezium Barra,

Atello & Bonaduce, 1997, Bairdoppilata Jz)mfundd
Aiello, Barra & Bonaduce, 2000, Buntonia dertonensis
Ruggieri, 1954, B. obesa Ciampo, 1985, Bythocypris
b05 ue’z‘zcmd (Brady, 1860), Cytheropteron omega

iello, Barra & Bonaduce, 1996, Krithe exigua Abate,
Barra Atello & Bonaduce, 1993, Pazjenborchella

10cosa Kingma, 1948, Parakrithe ariminensis (Ruggieri,
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Text-tig. 4 - Abundance fluctuations of
the most frequently oc-
curring ostracod species in
the section.

éj
1967) and Xestoleberis pasta Abate, Barra & Bonaduce,
1994, occur exclusively in the lower part of the section
up to about 80 m (Text-tig. 3). In this part of the sec-

tion Anchistrocheles interrupta, Cyr/yerz?z)teron bifidum
Colalongo & Pasini, 1980, Henryhowella sarsii profun-

da Bonaduce, Barra & Aiello, 1999, Parakrithe rotun-
data Aiello, Barra, Abate & Bonaduce, 1993, and
Xestoleberis prognata Bonaduce & Danielopol, 1988
are also well represented (Text-tig. 4).

A. pseudoreticulata Buntonia textilis Krithe pemulchra Argilloecia spissa C. testudo M. ligustica B. rhodiensis
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Text-tig. 5 - Abundance tluctuations of the most frequently occurring ostracod species in the section.
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Text-fig. 6 - Abundance fluctuations of the most frequently oc-
curring ostracod specles 1n the section.

Conversely, the occurrence of Argilloecia acumina-
ta G.W. Miller, 1894, A. fatua Barra, Aiello &
Bonaduce, 1996, A. pseudoreticulata Barra, Aiello &
Bonaduce, 19906, A. spissa Barra, Aiello & Bonaduce,
1996, Bosquetina rhodiensis Sissingh, 1972, Buntonia
textilis Bonaduce, Ciampo & Masoli, 1976,
Cytheropteron testudo, Krithe frutex Abate, Barra,
Atello & Bonaduce, 1993, K perpulchra Barra, Aiello
& Bonaduce, 1993 and Muacromckenziea lioustica
(Bonaduce, Ciampo & Masoli, 1976) (Text—f%gs. 5-
6), characterize the upper part of the section from 90
m up to the top.

DISCUSSION

The palacoclimatic interpretation of Channell ez

al. (1992) is compared with our data. Some of the
intervals defined by them correspond well to the fluc-
cuations registered in the ostracod assemblages, while
others show that the parameters responsible for the
fluctuations of planktonic foraminifers do not always
correspond exactly to the fluctuations of the benthic
ostracods in either simple diversity or abundance.
The cool interval between 3.16 and 2.81 Ma cor-
relates well with the first interval (from 30 to 50 m),
corresponding to the range from the uppermost part

of MPI4 up to the lower part of MPI5, in which the

assemblages show high values in both number of

species and specimens. This event corresponds to the

global cooling at 3.1-3.2 Ma, well established in pre-
vious literature (Ciaranfi & Cita, 1973; Shackleton &

Opdyke, 1973; Thunnell, 1979; Zachariasse &
Spaak, 1983; Prell, 1984; Keigwin, 1987; inter alios).
The second interval, which also corresponds to an
abundant and diverse ostracod fauna, between 62 and
80 m (second part of MPI5 Biozone), is correlatable
with the cold events identified by Channell et a4l
(1992) and regarded as being related to the climatic
changes brought about by the tinal build-up of the
Arctic 1ce cap at 2.4 Ma (Zagwin, 1974; Cravatte &

Suc, 1981; Shackleton ez al., 1984; Keigwin, 1987).
During most of the Pliocene, the deeper parts of

the basin (about 1000 m deep in the studied area)

were occupied by the psychrosphere, as defined by

Benson (1973), fted by the Atlantic Deep Waters as

demonstrated by the common occurrence of the typ-

ically psychrospheric species Agrenocythere pliocenica

(Benson & Sylvester-Bradley, 1971; Benson, 1972;

Aiello er al., 2000).

The disappearance trom the section of A. pliocen:-
ca, which occurs from the base of MPI2 (Barra et 4/,
1998) up to the middle part of the MPIS5, with ran-
dom occurrences at the base of MPIG, is thought to
correspond to the end of the psychrospheric environ-
ment in the area and to its gradual replacement by the
thermosphere, due to the gradual change of the
Mediterranean-Atlantic circulation from estuarine to
antiestuarine around 2.4 Ma, in about the middle
part of MPI5 (van Harten, 1984; Loubere, 1987; Rio
et al., 1990).

In the same interval a number of events are regis-
tered by the ostracod fauna:

* The more or less contemporaneous disappearance
ot Argilloecia kissamovensis, Bairdoppilata profunda,
Buntonia dertonensis, Krithe exigua, Parakrithe
arviminensis and Xestoleberis pasta (Text-fig. 3).

* The genus Parakrithe, Bythocypris obtusata producta
(Seguenza, 1880) and Cytherella ¢ibba Aicllo,
Barra, Bonaduce & Russo, 1996 are absent in the
interval around 60-90 m (Text-tig. 7).

o Anchistrocheles interrupta, Krithe compressa, K. ini-
qua, Paijenborchella malaiensis cymbula Ruggieri,
1950, Platyleberis profunda (Breman, 1975) and X,
prognata show more or less marked abundance
peaks in the same interval (Text-figs. 4, 8).

* Argilloecia acuminata, A. fatua, A. pseudoreticulata,
A. spissa, Buntonia textilis, Cytheropteron testudo,
Krithe éfmtex, K. perpulchra are well represented
only above about 90 m (Text-figs. 5-6), while
Bosquetina rhodiensis and Macromckenziea ligustica
each have their first occurrence (FO) above 100 m.
Moreover, Ciampo (1998) 1n his study ot the

Calvello basin (Basilicata, Italy), observed the last
occurrence (LO) of Parakrithe ariminensis and
Buntonia dertonensis between 2.6 and 2.3 Ma, which
both disappear in the same interval in the present sec-
tion (Text-tig. 3). This coincides with the first occur-
rence of many shallow-water species in the same
interval, although in the Calvello Basin this may be
the consequence of a local regressive phase.
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From the previous data, it is evident that a

turnover of ostracod species took place, beginning
around 2.4 Ma, in mid MPI5 Biozone (Text-tig. 9),
slightly above the base of the Gelasian stage, recently

proposed by Rio ez al. (1994).

Other authors also register the same biotic

turnover in different groups of organisms (Thunell,
1981; Bonaduce & Sprovieri, 1985; Sprovieri, 1986;
Sprovieri & Hasegawa, 1990).

The change in the assemblage of the deep

Mediterranean at around 2.4 Ma and later seems to
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be the consequence of the beginning of changes in its
circulation, which gradually started to modify the
character of the water masses and also brought about
the extinction of numerous species and the appear-
ance of others. Consequently, the gradual disappear-
ance of the psychrosphere is considered due to the
inception of the antiestuarine circulation with the
outFFow of the dense Mediterranean bottom waters
(Mediterranean Outflow Water) into the Atlantic and
the ingress ot the Atlantic surface waters into the
Mediterranean (van Harten, 1984).

P. profunda

O
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13 26

Text-fig. 8 - Abundance fluctuations of
the most frequently oc-
curring ostracod species in
the section.
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The occurrence of A. pliocenica in other sections
up to the beginning of the Pleistocene (Greco et al.,
1974; Colalongo & Pasini, 1988), seems to demon-
strate that up to this time the psychrosphere survived
in some areas of the Mediterranean despite a reduced
and disappearing influence of the cold deep-water
Atlantic water masses.

The climatic instability defined by Channell ¢z 4/
(1992) at the base of the section could be reflected in
the relatively low and fluctuating values for both
diversity and abundance in the ostracod fauna from
the high points of MPI3 and the lower part of MPI4.

During the very warm interglacial conditions
identified by Channell ez al (op. cit.) in the upper
part of MPI5S, between 82 and 96 m, the ostracods are
less abundant in both number of specimens and
species, which can be a delayed response by the ben-
thic ostracods to the warm and more stable climatic
conditions reported by the previous authors, from
about 70 to 100 m.

Conversely, the beginning of the cooling intermit-
tent phases stressed by Channell ez 2/ (1992) which
prelude the climatic deterioration registered at the
end of the Pliocene, and the gradual progressive cool-
ing of the surface waters in the basal part of the
Pleistocene, correspond to two intervals (the first
between 98 and 118 m and the second from 136 m
up to the top of the section) in which the ostracod
fauna is rich and abundant.

In our opinion, the relatively well established cor-
relation between plankton and benthos in the section
ts not directly related to surface water temperature
but is indirect and consequent to the change in the
surface to bottom circulation with improving bottom
ventilation and the related improvement in bottom
food supply, leading to the development of a more
diversified and abundant ostracod fauna. Generally
during warm intervals, the water masse stratification
reduces the surface to bottom circulation with conse-
quent reduction of both food supply and oxygen at
the bottom, resulting in a less diversified and less
abundant ostracod fauna. This interpretation is sup-
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Text-fig. 9 - Histogram of the number of appearances and dis-
appearances of ostracod species in the section.

ported by the results of Bertholon ez 2/ (1998) for the
Southern Adriatic trough during the last 18000 years
B.P. A possibility which cannot be excluded is that
the surface productivity may have been quantitative-
ly more abundant during cold intervals and reduced
during warm ones.

With the end of the psychrosphere, the
Mediterranean becomes thermospheric with bottom
water temperatures influenced only by the
Quaternary glacial-interglacial phases. In this inter-
val, during the glacial phases, the deep-water ostracod
assemblages are characterized by “cold” species
migrating into the Mediterranean from the Atlantic
(e.g. Cytheropteron testudo, Bathycythere vanstraaten:
Sissingh, 1971, Echinocythereis echinata (Sars, 1866),
Macropyxis adriatica (Breman, 1975) and Pedicythere
mirabilis Sissingh, 1975; Bonaduce & Mascellaro,
1985), while (%uring “warm’ phases the previous
species disappear completely from the Mediterranean
with a contemporaneous reduction in both simple
species diversity and abundance.

CONCLUSIONS

From the present study of the Monte San Nicola
section we are able to put forward the following con-
clusions:

1. The psychrosphere occurred from MPI2 to the first
part of MPIG.

2. The disappearance of the psychrosphere occurs
gradually at the beginning ot MPI6 in the area,
while in other Mediterranean section it seems to
survive up to the early Pleistocene (Ruggieri, 1953;
Colalongo & Pasini, 1980; 1988).

3. The turnover of ostracod species supports the
hypothesis of a change in Mediterranean circula-
tion from estuarine to antiestauarine from around
2.4 Ma onward.

4. The temperature of the bottom waters during most
of the Pliocene was not influenced by the temper-
ature of the surface waters and, consequently, the
fluctuations of ostracod populations seem to corre-
late well with dissolved oxygen and food supply.

5. From the generally well diversified and relatively
abundant ostracod fauna in the studied section we
suggest that the deep bottom waters were well ven-
tilated and sufficiently rich in food supply. This
supports our contention that bottom water circu-
lation in the Mediterranean fed by the Atantic
inflow and by its own surface-bottom circulation,
although subject to fluctuations, was quite ade-
quate to support a rich and diverse fauna.
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