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ABSTRACT - Late Cenozoic ostracod assemblages of south-western Cyprus offer a unique opportunity to document the faunal changes which
occurred at various marine sites during the Upper Miocene—Lower Pliocene around the island coast. Previously, biostratigraphic data based on
Ostracoda fauna obtained from Kalavasos and Nicosia Formations pointed to strong environmental changes that presumably are related to the so-
called “Messinian Salinity Crisis” event. This information is compared to those restricted on 10 samples belonging to three sections, Amargets,
Polemi, and Mari and the changes in the Cytheroidea taxocenosis documented through a qualitative analysis of the ostracod material. For the first
time two indices of diversity, the Average Taxonomic Distinctness (called Delta+ index) and the Variation of Taxonomic Distinctness (the Lambda+
index) are used for the characterisation of changes in fossil ostracod assemblages. Information on Cytheroidea assemblages was used for three levels of
the Linnacan hievarchy (the species, the genus, and the family), following the Clarke and Warwick (1998, 2001) algorithms for the computation of
the taxonomic diversity. The results suggest the occurrence of stressful ecological conditions in the coastal environment during a short period of time,
more precisely during a lowering of the marine water level where the sampling area transformed in an environment with brackish lagunar
conditions, followed later-on by the reversal to an ewmarine situation, It is rmm’ki'd that the Clarke and Warwick taxonomic diversity indices are

useful descriptors for palaeoecological changes and should be more widely used.

RIASSUNTO — [Diversita tassonomica dei Cytheroidea (Ostracoda) dell'isola di Cipro] — Tia il Miocene superiore ed il Pliocene inferiore,
in diverse localiti della costa sud-occidentale dell'isola di Cipro si verificarono importanti cambiamenti faunistici. Lo studio delle associazioni
fossili ad ostracodi di queste localiti offre un'opportunita unica per studiare le variazioni paleoambientalr. 1 dati biostratigrafici ottenuti dallo
studio delle a:mc:é&:me delle formazioni Kalavasos ¢ Nicosia hanno fornito indicaziont d‘:‘ importanti variazioni ambientalt, presumibilmente
collegate alla cosiddetta “Crisi di salinita del Messiniano”. Si & cercato di vertficare levento su 10 campioni provenienti da tre diverse sezioni
stratigrafiche: Amargeti, Polemi ¢ Mari; i cambiamenti nelle associazioni tassonomiche a Cytheroidea sono stati documentati per mezzo di
unanalisi qualitativa delle ostracofaune stesse. Per la prima volta vengono qui utilizzati, per caratterizzare 1 cambiamenti delle associazioni ad
ostracodi, due indici di diversita: la Distinzione Tassonomica Media (detta anche indice Delta+) e la Variazione di Distinzione Tassonomica
(indice Lambda+). Le informazioni sulle associazioni a Cytheroidea sono state utilizzate per tre livelli della gerarchia linneiana (la specie, il genere
e la famiglia), sequendo gli algoritmi di Clarke e Warwick (1998, 2001) per calcolare la diversita tassonomica. I risultati suggeriscono la presenza
di condizioni ecologiche “stressate” nellambiente costiero durante un breve periodo di tempo, piit precisamente durante un z:b%mmmmra ! livello
del mare. Larea campionata si sarebbe trasformata in un ambiente lagunare salmastro, successivamente ritornato a condizioni francamente
marine. Si conclude che gli indici di diversit tassonomica di Clarke ¢ Warwick siano strumenti di grande utilitic per descrivere i cambiamenti
paleoambientali, ¢ a’aurezg!'ew essere usati piic ampiamente per le ricostruzioni palevecologiche.

INTRODUCTION confirmed Ruggieri’s view. For instance evidence from
the ostracod fauna, e.g. the occurrence of the Cyprideis
torosa Jones corroborates the desiccation model of the
Palaco-Mediterranean (Benson, 1976a, b) and the ex-
planation of this catastrophic event was further docu-
mented for the closure of the connections with the
Atlantic (Hsii er al, 1973; Benson, 1976a). Short time
later, in Early Pliocene, the ongoing plate tectonic col-
lision of Africa and Europe allowes the influx of oce-
anic water via Gibraltar in this desiccated basin, fill-

Late Cenozoic (Upper Miocene-Lower Pliocene)
ostracod assemblages DE) Cyprus offer a unique oppor-
tunity to document the faunal changes whi;L occurred
at various marine sites during the so-called “Messinian
Salinity Crisis” event. One 5’[0[11(:[ recall that the Mi-
ocene ended in the Mediterranean space, with the des-
iccation of wide areas and the deposition of huge
amount of salts (Duggen er al., 2003). A chain of

shallow lakes, so-called “lago-mare”, with diverse sa-
linity conditions, from hypo- to hyper-saline ones,
developed in many parts of the pre-existing sea.
Giuliano Ruggieri recognised that the occurrence of
Congeria andgg Melanopsis molluscs during this period
could be related to the formation of shallow hypohaline
lakes in the Palaco-Mediterranean space at a sea-level
niveau below those of the Atantic (e.g. Ruggieri, 1958,
1967; Ruggieri & Sprovieri, 1976). More geological

and palaconrological evidence appeared later on which

ing it again. This lead to the formation of the present
day Mediterranean (Hsii e al., 1978). A high number
of publications appeared during the last 40-50 years
in order to understand and bring closer to our eyes
that unique phenomenon. Great attention has been
paid to t?ue study of fossil ostracods, among other or-
ganisms in order to reconstruct the environmental
changes and the evolutionary palacobiogeography of
the Mediterranean realm (e.g. Russo, 1968; Benson
& Sylvester-Bradley, 1971; Benson, 1976b, 1984;
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Benson et al., 1991; Sissingh, 1972; Gliozzi er al.,
2002).

Authors like G. Ruggieri and R.H. Benson used
selected ostracod species as markers for the
characterisation of the “lago-mare” event (Ruggieri,
1967; Benson, 1976b). Others like Carbonnel (1978)
or Gliozzi et al. (2002) used entire species lists with
characteristic species, which could document through
their origin and palaeobiogeography the transforma-
tion of an eumarine environment in different
perimarine environments. Moreover R.H. Benson re-
constructed historical events in the Mediterranean from
the examination of morphological changes of the os-
tracod carapaces of selected species (Benson, 1977).

In the present contribution, we propose another
type of information, the changes within the taxonomic
diversity of a marine taxocenosis, the important ostra-
cod group Cytheroidea, in time and space. Our ap-
proach is a combination between “classic”
micropalacontological studies and a statistical approach
developed recently by K.R. Clarke and R.M. Warwick
(Clarke & Warwick, 1998, 2001). Below we review
first, conceptual and methodological aspects related
to the ostracod usage for the reconstruction of the
“Messinian Salinity Crisis”; we further present geo-
logical and palacontological information on Cyprus
material obtained and processed by one of us (SG)
and presented in details in Galoukas (1995). The
Cytheroidea data is then treated statistically for the
calculation and the representation of the data with
two diversity indices, the Delta+ and the Lambda+ of
Clarke & Warwick (1998, 2001) in order to check
how well these indices can inform us about the envi-
ronmental changes already perceived by the paleonto-
logical information which already exist (Galoukas,
1995) and here briefly exposed. Finally, we discuss the
advantages to combine “traditional” techniques com-
monly used by palacontologists with those developed
by neontologists for palacoecological and palaco-
biogeographical reconstructions.

CONCEPTUAL AND METHODOLOGICAL ISSUES

The 1967 publication of Giuliano Ruggieri became
a standard reference for the idea that during the Up-
per Messinian, the evidence of dilute saline environ-
ments in what we call now the Palaco-Mediterranean
sea represented, as compared to the former or latter
events, a period of environmental crisis (Benson, 1982,
1984; Russo, this volume). Benson’s definition of what
a crisis should be has to be quoted in its entirety: “a
turning point in the functional progress of a system,
under conditions of unusual stress, when further
change brings either restoration of normal conditions
or a collapse of the system” (Benson 1976a, p. 3).
This author further notes in his publication that: “the
concept of crisis is diagnostic...it requires value judge-
ments about progress, normality, unusual stress...”. The
latter two concepts pertain to the dynamics of

organismal and/or super-organismal entities, like the
bC%laViULll‘ of individuals within populations and/or
species within a given taxocenosis with clear
piyiogenetica] relatedness. Continuing this line of
thinking Benson (1976a, p. 6) proposed to approach
the concept of crisis through “ biodynamic strategies
from specific problems”. For this scientist the study of
changes in living systems is “biodynamics” in the same
way that a study of changes in geological structures is
“geodynamics”. Biodynamics can be approached at an
organismal level by the examination of structural
changes, which could occur during evolutionary time
or at the super-organismal level, with changes within
animal assemblages. Both are related to the external
environmental evolution experienced by the organisms.

Benson (1976b, p. 149), following Ruggieri’s views,
formulated a precise diagnostic for thcgiiodynamic
changes which reflect an environmental crisis: “The
occurrence of Cyprideis in the Messinian indicates a
strong departure from normal marine conditions, a
very strong but not total dominance of continental
freshwater conditions”. Two other criteria were offered
further in this publication (Benson, 1976b, p. 150):
“If the crisis was real, there should have been an inter-
ruption in the normal rate of evolution of ostracode
species and more important in the composition of
their faunal assemblages”. For the former argument
Benson published detailed studies on species %e!ong-
ing to various phylogenetical lineages, e.g. the
Ogﬁmryrkereis case (Benson, 1977). An interruption
in the morphological continuity of these lineages dur-
ing the Messinian as compared to thedprevious time
situation or after the Messinian was evidenced. At the
assemblage level a strong reorganisation of the species
composition was documented (review in Gliozzi ¢t al.,
2002). This is represented by the reduction in the
typical marine ostracod lineages, which existed during
the pre-Messinian in the Palaco-Mediterranean sea and
the arrival of caspi-brackish elements from the
Paratethys.

August Thienemann, one of the prominent lim-
nologists and biogeographers of the 20" century, pro-
posed several cccﬁogica rules, called “biozoenotische
Grundprinzipien” (Thienemann, 1954). We will here
mention two of them: (1) the species richness is high-
est in habitats with strong environmental heterogene-
ity: (2) biotopes with strong departure from their “nor-
mal” ecological conditions and notorious biological
stress lead to a local reduction in the diversity of spe-
cies assemblages and a numerical increase of individu-
als for few dominant taxa. The generality of these prin-
ciples are well documented (Krebs, 1972) and could
be nowadays called the Thienemann’s rules. They will
be helpful in the present palacoecological context to
interpret the ostracod data presented below.

The study of complex changes within large land-
or hydroscapes forms nowajays the domain of
Macroecology (Brown, 1995). The diversity of animal
assemblages within such ecosystems can be defined by
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the statistical properties of the ensemble. For instance,
the individuaf frequencies of animal species are re-
lated to the number of species in the assemblages and
these relationships can be represented through proba-
bilistic mathematical models and various statistical ex-
pressions known as diversity indices. The Simpson’s
Index is one of the well-known diversity metrics also
used for fossil ostracods (Pokorny, 1971). The index
measures the heterogeneity of animal assemblages, and
it expresses the probability that two individuals picked
at random belong to same species. Diversity indices
can be used at various levels of the taxonomic hierar-
chy, from the species level to the suprageneric ones
(Tokeshi, 1999). For the reconstruction of the ostra-
cod diversification during the evolutionary time,
Whatley (1990) used the taxonomic diversity of the
main phylogenetic groups, the Cytheroidea and the
Cypri(roidea. Whatley's approach was to represent the
numbers of taxa for various levels of the Linnean hier-
archy, i.e. the species, genus and family levels. During
the last years it became evident that a better represen-
tation of the diversity of animal assemblages can be
achieved through the integration of phylogenetic in-
formation (Webb er al., 2002). Unfortunately for many
animal groups phylogenetic reconstructions are lack-
ing; in such cases the usage of Linnaean hierarchic
systems for the computation of taxonomic diversity
can be still very helptul (Robeck ez al., 2000).

Clarke & Warwick (1998, 2001) proposed as a
taxonomic diversity index the Average Taxonomic Dis-
tinctness (AvI'D or Delta+) which measures the aver-
age length of the taxonomic path between any two
randomly chosen species (4,)):

(AVTD) = Deltas = [(XX @, / (s(s-1)/2)]

where s = number of species present and the w_is the

taxonomic distance or distinctness weight. The average
taxonomic distinctness or diversity can be seen as a
generalisation of Simpson’s diversity index (Warwick &
Clarke, 2001). This index allows comparisons between
presence/absence of species in assemblages. We use here
species lists for characterisation of an assemblage follow-
ing the idea of Botkin ez al. (1979). These authors
pointed out that a species list encapsulates enough in-
formation, which can characterise species assemblages or
can give us information on the structure of ecosystems.
Warwick & Light (2002) point out that species lists of
the “spatially averaged” death assemblages of molluscs in
Britain reflect well the living assemblages of the sur-
rounding sampling area. Hence we consider that the
ostracod lists we will use in this study are representative
of the ostracod assemblages which existed during vari-
ous geological periods.

Variation in Taxonomic Distinctness (VarTD or
Lambda+) measures the evenness of the taxonomic
structure in an assemblage (Clarke & Warwick, 2001;
Warwick & Clarke, 2001):

(VarTD) = Lambda+ = [EEM (w,-®)°] / [s(s-1)/2]
where @ approximates the Delta+ value and s and ®,
as above.

The lower the value of this index the more uni-
form is the distribution of species among the various
taxonomic categories.

For both indices of Clarke and Warwick three hi-
erarchical levels were here used: the species, the genus
and the family, the latter converging to the super-
family Cytheroidea. The data were compurted with the
computer package PRIMER-5 (Plymouth Routines in
Multivariate Ecologic Research) for Windows, version
5.2 (Clarke & Gorley, 2001).

Clarke and Warwick developed a randomisation
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test to detect differences in the average and/or the
variation of taxonomic distinctness (review in Warwick
& Clarke, 2001). A 95% probability funnel, using
5000 random selections from a “master list” allows
to verify if the observed data of various samples
significantly deFart from sub-samples with an equiva-
lent number of species extracted randomly from the
master list. In our case we used the total taxonomical
list of the nine sampling sections (153 species, cf. Tabs
3, 4).

Analysis of marine nematode fauna from “stressed”
(anthropogenically polluted sediments) on the British
coasts (Warwick & Clarke, 1998) showed lower val-
ues for the Delta+ index as compared for the values
obtained from “normal” (unpolluted) benthic habi-
tats. Data representative for “stressed” environments
had values laying outside the 95% significance values
of the simulated sub-samples. Therefore, the 95% sig-
nificance line of the “funnel” represents a well-defined
“objective” criterion when one intends to set the lim-
its between normal and stressed ecological systems.
We will use it here for the Cyprus ostracod data.

In order to better illustrate the meaning of the two
taxonomic diversity indices we present below an ex-
ample extracted from the sample Polemi 10358 (Text-
fig. 5, Tabs 3, 4). This sample originating from the
Athalassa Formation was clatch as Pleistocene
(Galoukas, 1995) and is represented by eight species
belonging to six genera and five families. Four of the
genera have one species while the others display two
species. The probability that randomly extracted, two
species will belong to different superspecific taxa is
very high, hence tEc value of the Delta+ index is also
high, i.e. over 90 units (Tab. 4). The value of the
variation in taxonomic distinctness is low because the
evenness of the five taxonomic lineages is high, i.e.

FORMATION LITHOLOGY
ATHALASSA
PLEISTOCENE KAKKARISTA | Conglomerates and Sandstones
APALOS
~EN Marls, silts, muds, sandstone
PLIOCENE NICOSIA conglomerate
KALAVASOS Evaporites
UPPER KORONIA Reefal and broclastic =
MEMBER limestone
z
3] 3 : Pelagic chalks, marls,
; MIDALE PAKHNA calcarenites, conglomerates
LOWER TERRA Reefal and bioclastg,
o MEMBER limestone
OLIGOCENE UPPER LEFKARA Pelagic chalks and marls
Text-fig. 2 Stratigraphic nomenclature of the Neogene of

Cyprus (after Robertson er al,, 1991).

each family is represented by 1-2 genera and these
ones by 1-2 species (Tabs 3, 4).

GEOLOGICAL BACKGROUND

The general geological structure of the island con-
sists mainly of igneous rocks at the bottom, followed
upwards by sedimentary formations of different com-
position and age.

The oldest geotectonically autochthonous part of
Cyprus is the Troodos Massif (ophiolites) of Creta-
ceous age, Campanian or older (Text-fig. 1).

During early Tertiary times relatively thin (tens of
metres) pelagic carbonates were deposited along the
north margin of the Troodos ophiolite, while at the
same time much thicker (>1000 m) successions were
deposited in tectonically active basins in south Cyprus
as the Maastrichtian-Miocene Lefkara Formation
(Mantis, 1970; Robertson, 1976). In the Oligocene,
during a time of relative tectonic quiescence, a gradual
shallowing of the Troodos Massi? took place (Upper
Lefkara Formation) (Mantis, 1970; Robertson, 1977).

The Neogene evolution of Cyprus is marked by a
fundamental change in sedimentation, from relatively
uniform pelagic carbonate deposition (Upper Lefkara
Formation), to much more varied carbonate and clas-
tic sedimentation in tectonically controlled small ba-
sins bordering the Troodos ophiolite (Pakhna Forma-
tion) (Robertson, 1977). This early to late Miocene
sedimentarion took place throughout central and south
Cyprus, south of the Ovgos fault, and probably also
covered much of the Troodos ophiolite areas
(Robertson, 1977).

On the top of the Pakhna Formation (Text-fig. 2)
lie evaporitic lithofacies of the Messinian Kalavasos
Formation (Eaton, 1987; Follows, 1990a). In the lower
and upper parts of the Pakhna Formation,
interstratified reefal units are exposed (Eaton, 1987;
Follows & Robertson, 1990; Follows, 1990b), belong-
ing to the Aquitanian-Burdigalian Terra Member and
the Tortonian Koronia Member (Robertson et al.,
1991).

The Pliocene of Cyprus is represented by the
Nicosia Formation (Text-figs. 3-5) which starts with
locally exposed (e.g. Mari area) basal Pliocene silts
unconformably oveﬁying Miocene evaporites and marls
(Robertson et al., 1991), and continues with relatively
stable deposition of marly sediments.

The Nicosia Formation is covered by bioclastic sedi-
ments of the Athalassa Formation, which is locally
unconformably sitting on it. The Athalassa Formation
is laterally equivalent to the Kakkaristra and Apalos
Formations in south Cyprus (McCallum, 1989;
McCallum & Robertson, 1990).

Later in the Pleistocene, all the circum-Troodos
sedimentary basins are covered by coarse conglomer-
ates, which overlie all older formations. Thus drastic
updoming of the Troodos Massif took place during
the Pleistocene (Robertson, 1977) which may reflect
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the initial underthrusting of thinned African conti-
nental margin crust, imp%ying that little fully oceanic
crust still persists in the East Mediterranean sea south
of Cyprus (Dixon & Robertson, 1984). Radiometric
dating of corals in coastal terrace deposits indicates
that rapid uplift was over prior to Holocene times
(Poole et al., 1991), when the modern topography
was attained. Cyprus is still a seismically active area.

BIO-LITHOLOGICAL DESCRIPTION OF THE
SECTIONS AND SAMPLES

AMARGET1 (A)

Amargeti is located in the southwest part of Cyprus
(Text-fig. 1). The samples for this area were collected
along a traverse which consists of a southwest-north-
east trending section through the southeastern margin
of the Polemi evaporite basin, near the southeastern
termination of the Polis Graben.

The oldest geological unit in the area is the Lefkara
Formation (Text-fig. 2) which comprises bioturbated
foraminiferal chalk and whose age ranges from Late
Cretaceous (Maastrichtian) to the Miocene (Robertson,
1977).

Following upwards, fossiliferous marls, chalks and
thin (turbiditic) calcarenites can be found belongin
to the Pakhna Formation. Hard micrites wit
Dz’scwﬁz'rim were found near the top of this unit, which
is probably entirely of Mid to early Late Miocene age
(Robertson, 1977).

The Pakhna Formation is overlain by more than 7
m of laminated, brecciated and massive gypsum, with
hard laminated limestones and marls at tE{' base, com-
prising together the Kalavasos Formation. According
to Ro%vertson (1977), these evaporites belong to the
Late Miocene (Messinian).

The Kalavasos Formation is overlain by more than
3 m of marls containing large (up to 2 m) boulders of
the Kalavasos gypsum in the lower part and the age of
this unit assumed to be latest Miocene or early
Pliocene.

The next unit upwards is the Nicosia Formation

with an unknown thickness (>10 m) of soft foramin-
iferal marls. The base of this unit in this area is thought
to be of earliest Pliocene age (Robertson, 1977).

Overlying the Nicosia Formation are found locally
gravels, sands, pebbly sandstones and sandy limestones
which contain reworked microfossils and clasts of
Troodos basic igneous rocks. These are assigned to the
Quaternary, including also a small travertine deposit
in the southwest of tEe area.

The three samples used here (Text-fig. 3) were dated
and interpreted using Foraminifera and calcareous nan-
noplankron studied Ey Radley & Mondejar-Marchante
(1990) (Tab. 1).

Sample 10351

Soft pale blocky to laminated foraminiferal marl
(Nicosia-type) fills a small channel-like structure 1 m
deep within massive weathered gypsum. A sample was
collected from this marl.

Sample 10347

At this locality, a gypsum boulder bed is observed
overlying the Kalavasos Formation. Northeast of this
bed a marl sequence (with a sandy marl containing
charophyte oogonia) including intraformational brec-
cias was recorjcd and from this sandy marl a sample
was taken.

Sample 10344

The section here contains 3 m of shelly bioturbated
Nicosia-type marls (from which a sample was collecred)
with sandy lenses, overlain abruptly by approximately
3 m of irregularly bedded gravels (locally cemented),
calcareous sandstones and clayey sands, with stringers
of matrix-supported clasts.

Poremr (P)

The studied area is around the village of Polemi,
which is located in the SW part of the island and
about 15 km NE of Paphos. Geologically, the area is
placed in the Polis Basin (Text-fig. 1).

In general, the sequence consists of Messinian
evaporitic deposits (l(aﬂavasns Formation), occupying
the Polemi Basin (Robertson, 1977) and overlain by
Pliocene marls (Nicosia Formation), with coarse

SAMPLE | NANNOFOSSIL| FORAMS AGE ENVIRONMENT
ZONE ZONE
10351 ? G. margaritae Early Pliocene open marine
10347 Late Miocene — ? Late Miocene — restricted marine
. 1n 100 Mroc 1 -
Early Pliocene Early Pliocene (?freshwater influence) Tab. 1 - Chronostratigraphic
10344 T Late Miocene - Earliest Pliocene outer shelf to dara for the Amargeti
; samples based on
Late Pliocene bathyal marine Foraminifera and
10341 No markers No markers lateral equivalent of (shallow?) marine calcarcous nanno-
plankton (after
(reworked ?) (reworked ?) | the gypsum boulder bed Radley & Mondejar-
Marchante, 1990).
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Text-fig. 3 Stratigraphy of the Amargeti section, including the Text-fig. 4 Stratigraphy of the Polemi section, including the

number of the sample units (from Galoukas, 1995).

bioclastic limestones of the Athalassa Formation on
the top (Text-fig. 4). The four samples used here (Text-
fig. 4) were dated and interpreted using Foraminifera
and calcareous nannoplankton (Tab. 2) studied by
Outram & McCarthy (1990).

Sample 10354

A marly gypsum bed between two gypsum beds.
The marl was white, soft and fine-grained and was
sampled in the belief that it is the top of the Kalavasos
Formation.

Sample 10355

This is a sample taken from a fine-grained creamy
white marl at the same height as sample 10354 but
further to NE. This sample was taken for correlation
of the two samples and (due to its position at the base
of a faulted block that was capped by Nicosia and
Athalassa Formations) in an attempt to find out
whether this marl was at the base of the Nicosia or
the top of the Kalavasos Formation.

Sample 10356

number of the sample units (from Galoukas, 1995).

Green/buff fine-grained marl that weathers grey.
Sample 10358

But{ coarse grained bioclastic limestone with cor-
als, oysters and Pecten present.

Mari (M)

The Mari section is located between the coast and
the main road from Limassol to Nicosia on the south
coast of Cyprus (Text-fig. 1). It may be considered
representative of those sediments that have been de-
posited in local, tectonically controlled, subsiding ba-
sins that adjoined shallow areas of small islands with
fringing lagoons, reefs and shoals.

The Mari section (Text-fig. 5) consists of approxi-
mately 35 m of homogeneous, in parts heavily
bioturbated, green-grey clays, grey-brown silts and
sands, overlain by approximately 15 m thickness of
conglomerates, aeolian dune sands and thin-bedded
silts. In the fine-grained sections, the transition from
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SAMPLE NANNOFOSSIL FORAMS AGE ENVIRONMENT
ZONE ZONE
10358 Poor N9-Recent Middle Miocene - Inner shelf

Recent (high salinity ?)
10356 Late Miocene N16-N21 Late Miocene - Continental shelf / Tab. 2 - Chronostratigra hit:
y dara for the Polemi
Late Pliocene Outer slope samples based on
[ 10355 Sparse microfossils NT9-N2I Pliocene Continental slope Foraminifera and
I calcarcous
| 10354 Poor No Forams Middle Miocene ~ Brackish, Estuarine nannoplankton
Recent (after Outram &

McCarthy, 1990).

the clay to the silt was noticed to be gradual in places,
except from the upper silt which overlies the silty clay
with an irregular Eoundary.

The whole sequence is dominated by both intact
and broken shells of bivalves and gastropods. Vertical
burrows containing wood remains and laminae of or-
Eanic material are s%nown in the brown clay band. These

orizons seem to be strongly affected by diagenetic

rocesses (responsible for the formation of layers and
L‘?nscs of iron oxides, which eventually destroyed the
ostracod fauna in places). Also, the orange, fine-grained
sand horizon, which is placed between the two irregu-
lar boundaries, just below the conglomerates, is lami-
nated, slightly bioturbated and less affected by diagen-
esis, containing fragmented and intact shells o bivafves,
gastropods and scaphopods.

The age of the Mari sequence is supposed to be
Early Pliocene (Pavlakelli, 1986). Three samples, 9428,
9429 and 9431, (Text-fig. 5) are examined from the
section. The generally low density of the ostracods
limits the value of the results to the specific basin
only. The environment interpreted for the lower parts
of the section (where the above samples belong) is a
deep, open marine environment with an autochtho-
nous fauna. More specifically, the bottom of this faulted
basin is believed to correspond to continental slope
depth (lower part of the Mari sequence), with a tem-
perature higher than 10°C (thermosphaeric basin, i.e.
depth <500 m). The section has not been studied for
planktonic foraminifera and calcareous nannoplank-
ton.

RESULTS FROM THE “TRADITIONAL" STUDY OF
SAMPLES

AMARGET! (Text-fig. 3)

The distribution of the cytheroid ostracods of the
three samples (10347, 10351, and 10344) is presented
in Tab. 3 and additionally data are presented in
Galoukas (1995). In these samples, ostracods were as-
sociated with variable ratios of calcareous nannofossils,
benthic and/or planktonic Foraminifera, accompanied
in some cases with fragments of other fossils like echi-
noid spines (samples 10351 and 10347) and
charophytes (sample 10347). Cyprideis torosa Jones

dominates sample 10347 representing 86.5% of the
specimens. There are only four non-cytheroid species
belonging to the genera Polycope, Cytherella, and
Bythocypris. So, the most probable depositional envi-
ronment for this sample would be a brackish one with
moderate marine influence.

Next, in sample 10351 brackish conditions with
marine influence are shown by the important num-
bers of Cyprideis valves (indicating brackish conditions)
accompanied by Loxoconcha, Callistocythere,
Monoceratina, Xestoleberis. Only two carapaces ofya non-
cytheroid (Argilloecia acuminata Mueller) were sampled.
Then, a deep marine environment is established
(Galoukas, 1995), which is gradually transformed into
an environment (sample 10344) with almost
psychrosphaeric conditions (Oblitacythereis mediterranea
Benson, Henryhowella asperrima Reuss). Not a single
valve of the characteristic psychrosphaeric ostracod
species Agrenocythere pliocenica Seguenza was found.
Beside Cytheroidea taxa there are 11 non-cytheroids
belonging to the genera Cytherella, Bythocypris,
Argilloecia, Pontocypris, Paracypris, and Pontocyprella.

PoLemr (Text-fig. 4)
In the four samples (10354, 10355, 10356, and

10358) examined, calcareous nannofossils occur. With
the exception of sample 10354, benthic and plank-
tonic Foraminifera have been reported as co-occur-
ring with the other microfossils.

As can be seen from Tab. 3, there are (with the
exception of 10354 and 10355) very few common
ostracods in any two adjacent samples. This fact clearly
indicates the vertical development of different envi-
ronments through the section. The less species two
adjacent samples have in common, the more likely
these samples represent different environments. Using
this principle, one environment should be accepted
for sample 10354, which is then slightly differenti-
ated in sample 10355 with the development of a popu-
lation consisting of many of the species appearing in
10354 plus some new species. The major components
of these samples are species of Leptocythere, Cyprideis,
Tyrrhenocythere, Loxocauda, and Loxoconcha. Acrfiition-
aﬁ , Candoninae species were noted (Galoukas, 1995).
Outram & McCarthy (1990) gave in their study based
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MARI
AGE LITHOLOGY SAMPLES
3
g
g
3
3
3

PLIOCENE (7EARLY)

9442 | 9435

1

944

9433 | 9434

9428 | 9429 | 9430 | 9431 | 9432

Text-fig. 5 - Stratigraphy of the Mari section, including the
number of the sample units (from Galoukas, 1995).

on Foraminifera, a “crisis” environment for sample
10354 of uncertain age and an open ocean continen-
tal slope environment (with more inner shelf influ-
ences) for sample 10355 of Zanclean-Early Piacenzian
(N19-N21) age. Since they did not give any further
explanation og the sort of “crisis” it is taken here that
they meant non-marine conditions for sample 10354,
which is supported by the ostracods. Further, for
sample 10355 ostracods give a much shallower envi-
ronment (littoral) with brackish conditions and fresh-
water (continental) influences. These freshwater signs
may very well be the remains of an earlier or adjacent
continental environment (sample 10354). The option
of an adjacent continental environment is adopted here
since sample 10355 was collected from the same level
as 10354 but further to north-east. This means that
two types of ecosystems existed at the same time but
in different locations, i.e. one ecosystem rich in
Euxinocythere (sample 10354) in one place, and an-

other with Zyprhenocythere, Leptocythere (Amnicythere),
Pontoleberis further north-east (sample 10355). Addi-
tionally in sample 10354 a diverse subassemblage of
Candoninae belonging to Pontoniella and Camptocypria
were identified (Galoukas, 1995). Loxoconcha
(Loxocorniculina) djaffarovi Schneider as well as vari-
ous other Loxoconcha species and Cyprideis torosa Jones
were living in both ecosystems.

The genus Tyrrhenocythere first appears in sample
10355 with a large number of valves (Tab. 3). Sissingh
(1982) suggested Tyrrhenocythere as an immigrant when
he found it in an assemblage which is very similar to
the one of the present stufy. but its quantity here is
far higher (showing also a good balance between left/
right valves) and therefore it should be indigenous to
that environment, together with Loxoconcha djaffarovi
Schneider and Leptocythere (Amnicythere) litica Livental.
The favourite environment of the latter is a stenoha-
line one (salinity about 12-13%o0) with a temperature
of 15.5-16°C (Carbonnel, 1978). From the present
data it is inferred that the two ecosystems were two
warm, saline “lakes” with that of 10354 being less
saline as suggested also by the presence of the rich
fauna of candonids (Galoukas, 1995).

The existence of planktonic Foraminifera in sample
10355 (Outram & McCarthy, 1990) may reflect ei-
ther: (1) that the ecosystem of this sample was a la-
oon connected with the open sea, or (2) thar it was a
F‘akc but something rapid happened, (e.g. eustatic rise
of the sea-level, or tectonic activity) and there was
temporary influx of open-marine water. If this hap-
pened, the rise of sea-level did not have any influence
in sample 10354 probably because it was situated as
at the present day higher than the level of the sample
10355. Also, the fact that no Pontian ostracods have
been recovered from off-shore samples DSDP west of
Cyprus (Benson, 1972a; Carbonnel, 1978) probably
indicates that the sampling area was completely dried-
up at that time, which means that the Polemi “lakes”
were closed to the west (where the DSDP cores were
collected). Concerning the ages of these two samples,
their species composition indicates (Tabs 2, 3) a
Pontian age for both samples.

Going further up in the Polemi section, the ostra-
cod fauna indicates a thermosphaeric environment
(Galoukas, 1995) while a little later, in sample 10356,
a sudden strong appearance of fully marine
(psychrosphaeric) species is shown; they are thought
to be of Pliocene age. A diverse non-cytheroid fauna
with various Argilloecia, Paracypris, Bythocypris,
Macrocypria, Cytherella, and Polycope taxa were identi-
fied (Galoukas, 1995).This association has many simi-
larities with both the assemblages of the same age from
neighbouring areas Steni and Dhrymou (Galoukas,
1995) and the assemblages that have been recovered
from an off-shore DSDP core (Benson, 1972a).

One of the abundant species, e.g. in the sample
10356 (Tab. 3) is Agrenocythere pliocenica Seguen-
za, indicative of psycﬁrosphaeric conditions (i.e. At-
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lantic cold, dense bottom-waters with temperatures
<8-10°C). The sudden faunal transition from warm
non-marine (15.5-16°C) to deep cold marine
(<8-10°C) species at the beginning of the Pliocene,
shows a rapid change in r%ne environment of the
Levantine Basin which is in full accordance with what
happened in the Western Mediterranean basins (the
Baﬁ)earic and the Tyrrhenian B.) at the same time
(Benson, 1972b). This transition happened possibly
as a result of an influx of oceanic waters (with the
opening of Gibraltar), which filled up the pre-existing
Messinian “lakes” and re-established the marine com-
munication between the Polemi area and the sites of
the off-shore drilling west of Cyprus, allowing devel-
opment of a uniform cold, deep-water ostracod com-
munity.

Mari (Text-fig. 5)

The three samples examined (9428, 9429, and
9431) contain more or less equal numbers of left/
right ostracod valves, which are very uniformly dis-
tributed, and few carapaces (Tab. 3). In general, in
this section there is an almost uniform distribution of
the ostracods in the samples indicating probably rela-
tively stable conditions through the time when the
sampled sequence was deposited.

The association of Graptocythere hscripta Capeder,
Aurila convexa Baird and Loxoconcha ovulata Costa
forms a very distinct group throughout the whole sec-
tion. Aurila and Loxammﬁ?z are known to inhabit shal-
low marine environments while Graptocythere deeper
ones. Additionally valves of Cytherella, (e.g. C. terquemi
Sissingh) were also present (Galoukas, 1995). A pos-
sible explanation for this phenomenon is the trans-
portation of the shallow water species into deeper wa-
ter either by currents or by tectonic disturbance. The

uantitative distribution of the valves (Tab. 3) and
31& right/left valve balance of the shallow water spe-
cies are indicative of the autochthonous nature of the
shallow water species, rather than of the deep-water
assemblage. We suggest therefore (at least for the
samples 9428 and 9429) the existence of outer neritic
conditions.

In later samples (Galoukas, 1995) the presence of
additional deep-water species is observed, indicating
as an assemblage a depth of approximately 500 m but
not psychrosphaeric due to the absence of clearly
psychrosphaeric species like Agrenocythere pliocenica
Seguenza.

The palacogeographic setting for the Mari section
as concluded from the above information, fits with
that proposed by Pavlakelli (1986) according to which
the region was a small faulted basin during the
Pliocene, with shallow calcareous platforms immedi-
ately adjacent to it (including samples 9428 and 9429).
An eastward shallowing of the Mari Basin in the
Pliocene, followed by erosion is also suggested by
McCallum (1989).

RESULTS USING THE “TAXONOMIC DIVERSITY”
APPROACH OF CLARKE AND WARWICK

Tab. 4 and Text-fig. 6 present information on the
taxonomic diversity ofgthc samples from the Amargeri,
Polemi and Mari section. With the exception of the
data for the sample Polemi-10358 (P4), which was
used in the previous section for the demonstration of
the way the Clarke and Warwick’s algorithm work,
the other nine data sets will be here described.

AMARGET]

The cytheroid species richness varies between 27
species in the samples 10347 and 10344 (Al and A3)
and 11 species in the sample 10351 (A2). In this lat-
ter sample the number of genera, both the G, and
G, ones, and the number OFFamilies is markedly lower
than in the former two samples. The value of the av-
erage taxonomic distinctness (the Delta+ index) for
the Al and A3 is higher than those of the A2 sample.
An opposite trend is visible for the values of the varia-
tion of taxonomic distinctness (the Lambda+ index),
i.e. the A2 has a much higher value than those of the
other two samples (Tab. 4). The values of the both
indices for A2 lay outside the 95% probability funnel
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Text-fig. 6 - Taxonomic diversity of the Neogene Cytheroidea

from Amargeti (A), Polemi (P) and Mari (M)
sections; upper panel - The average taxonomic
distinctness (Delta+) for the various samples; Cy —
Total species list; lower panel - Variation in
taxonomic distinctness (Lambda+); dashed line -
the simulated mean, thin line - 95% probability
funnel for the expected range of Delra+ respectively
Lambda+ values; assemblage code as in Ta[:. 4 (A1,

A2, A3, P1, P2, P3, M1, M2, M3, Cy).
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for the expected range, while the Al and A2 values
lay closely to the simulated mean value (Text-fig. 6).

PoLEMI

The taxonomic diversities of the samples 10354
and 10355 are very similar. There are more or less the
same number of species as well as of G, and G,
genera and families. The Delta+ and the Lambda+
indices show similar trends as in the case of Amargeti
A2 sample, i.e. the average taxonomic distinctness is
lower than 90 units and the variation of taxonomic
distinctness is over 600 units. The sample 10356 (P3)
displays a markedly high species richness (65) as com-
pared to the other samples (Tab. 4), a notoriously high
number of genera with 1-2 species and a high number
of families (13). The value of the Delta+ index lay
above 90 units and those of the Lambda+ below 250.
The P1 and P2 values lay outside the 95% probability
funnel for the expected range (Text-fig. 6).

MARI

The three samples 9428, 9429 and 9431 display
high Delta+ and low Lambda+ values, i.e. arouncr‘ﬁ
units for the former index and below 250 units for
the latter one (Tab. 4). The species richness varies be-
tween 22 and 33, the total number of genera between
15 and 22 and the number of families between 8 and
10. All the values of the two taxonomic indices for
the Mari section here used lay within the 95% prob-
ability funnel for the expected range of their diversity
(Text-fig. 6).

Summing up there are three samples (A2, P1, P2)
which display values below 90 units for the average
taxonomic distinctness and high values (above 600)
for the variation of taxonomic distinctness. They con-
trast with the other six samples here analysed, which
show an opposite trend. The significance of these data
will be evaluated in the next section.

DISCUSSION AND CONCLUSIONS

From the interpretation of the ostracod assemblages
of the sections presented above, it is concluded that
the environment (and consequently the
palacogeography) was not synchronous changing with
time at di%"ercnt places along the west, southwest, and
south Cyprus.

A composite palacoecological history for all the sec-
tions together (and consequently for the west and south
of Cyprus) would start from the Messinian with alter-
nations of limnic (lacustrine) and brackish water con-
ditions up to the earliest stages of the Pliocene. In the
Polemi region, the section starts later in the Messinian
with limnic conditions, which became brackish just
before the Pliocene.

The beginning of the Pliocene finds the Mari area
with inner neritic conditions, while at the same time

brackish conditions dominate the Polemi and Amargeti
areas. A little later, in Early Zanclean, marine
thermosphaeric conditions dominate the sections and
progressively towards the mid Pliocene, a deepening
of all the sections is observed. This, in the areas of
Amargeti and Mari has to be the result of local tec-
tonic activity since no occurrence of clearly
psychrosphaeric species has been noticed.

Traditional micropalaeontological analysis showed
for Amargeti A2, I’OIF;mi P1 and Polemi P2 a strong
departure from eumarine conditions (this latter com-
monly characterised by a high biological diversity).
The ostracod data reanalysed with the probabilistic
approach of Clarke and Warwick give for the raxo-
nomic diversity congruent results with the conclusions
derived from a traditional micropalacontological analy-
sis. The three samples mentioned above, E{ying out-
side the 95% confidence limits of the simulated prob-
able diversity, point out to a “crisis” experienced by
the cytheroid taxocenosis.

The analysis of the ostracod data of Cyprus using
the taxonomic diversity algorithm has the merits to
allow a rapid comparison in a synthetic way of abun-
dant taxonomic data. It complements well the tradi-
tional micropalaeontological analysis and stimulates
further examination of the palacobiological and/or
palacoecological meaning of the information encapsu-
lated in the ostracod assemblages. In this way the taxo-
nomic diversity approach used here forms a kind of
epistemological “smoking gun” (for this latter concept
see Cleland, 2001), i.e. it stimulated our interest to
re-examine the data set of Tab. 3.

The Polemi P3 is remarkable through the high di-
versity suggesting also a high heterogeneity of the envi-
ronment sensu |hienemann’s first biocenotic rule
(Thienemann, 1954). It confirms Gaston & Williams
(1996) view, which consider that the taxonomic diver-
sity in the marine benthic realm peaks at intermediate
depths. The other samples present lower dominance of
supraspecific taxa, e.g. at Amargeti Al and A3
loxoconchids represents %ess than 20% of taxa and there
is an important contribution of the Cytheruridae,
Hemicytﬁeridac. Trachileberididae, Krithidae and
Xestoleberididae to the given assemblages (Tab. 3). A
similar trend can be observed also in the three Mari
samples.

If G. (Kino) Bonaduce would examine the Mari
M1-M3 and the Polemi P3 samples, he would tell us
that the taxonomic diversity is much similar with what
he saw in the samples from the Gulf of Naples (Puri
et al., 1964) or in those of the Adriatic Sea (Bonaduce
et al, 1975). They point out to conditions with a
palaecobathymetry of more than 100 m deep, an infer-
ence which came out also from the traditional
palacontological investigation of Galoukas (1995).

The cytheroid taxocenosis of Amargeti A2 and the
Polemi P1 and P2 are dominated by species of two
ostracod lineages, the Loxoconchigae and the
Leptocytheridae, generally characteristic for shallow
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Code Site Formation Age Species Genus | Genus Gy | Fam. | AvTD VarTD
& Richness Gy (No.) (No.)
Sample No. {No.) (No.)
Al Amargeti-10347 | Kalavasos F. U. Miocene 27 10 R 9 92.69 3359
A2 Amargeti-10351 | B-Nicosia F. Pliocene ? 12 7 1 7 §9.39 577.7
A3 Amargeti-10344 Nicosia F. Pliocene 27 14 3 9 92.69 329.6
Pl Polemi-10354 | B-Nicosia F. Mio/Pliocene 22 5 3 5 84.42 661.4
P2 Polemi-10355 B-Nicosia F. Mio/Pliocene 21 5 3 6 84.44 668.1
P3 Polemi-10356 Nicosia F. Pliocene 65 25 7 13 94.49 234.6
P4 Polemi-10358 Athalassa F. Pleistocene 8 6 0 5 92.86 3458
Ml Mari-9428 Nicosia F. Pliocene 23 16 | 8 94.73 226.9
M2 Mari-9429 Nicosia F. Pliocene 22 13 2 8 94.95 258.3
M3 Mari-9431 Nicosia F. Pliocene 33 18 4 10 95.01 212.9
Cy | Master species list | Kalavasos & Miocene & 153 37 14 14 94.56 257.3
(A,P.M/1-3) Nicosia F. Pliocene
Tab. 4. - Taxonomic diversity of Cytheroidea assemblages of Cyprus; G, , — genus with 1 or 2 species; G, - genus with 3 or more species;

AVTD — Average Taxonomic Distinctness; VarTD — Variation in Taxonomic Distinctness (additional explanations in text); B -

basis, F — formation.

waters of marginal marine habitats, e.g. open lagoons
and/or peri-coastal lakes. More than 50% of species
in these samples belong to genera of these two fami-
lies. These data fit the second biocenotic rule of
Thienemann (1954) pointing out to stressful and/or
strongly disturbed environments. From the inspection
of Ta%). 3 one notices that each of the three samples
reflecting “stressful” environments is characterised also
by a lower number of genera within their respective
families, as compared to the “normal” eumarine as-
semblages. So combining the values of the taxonomic
diversity indices of Clarke and Warwick with a careful
examination of the ecological preferences of the vari-
ous ostracode taxa here presented one can note that at
each level of the Linnean hierarchy (species, genus
and family) there is biological information whicﬁ can
be used for palacoenvironmental reconstruction.

We conclude this discussion pointing out that the
Clarke and Warwick's taxonomic diversity indices are
useful descriptors for past environmental changes and
should be more widely used in palacontology in con-
junction with other traditional approaches.
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