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Abstract: Benthic faunal content (benthic foraminifera, mollusca and ostracoda) of sediment cores from the SW Black Sea shelf were
examined. Based on the vertical distribution of abundance and diversity of the benthic fauna, three benthic assemblages were
distinguished. These assemblages are BF1, BF2 and BF3, and reflect the changes in bottom water from the termination of the
Neoeuxinian period to present. BF1 displays high abundance and diversity in the surroundings of the Bosporus channel, diminishing
in the shelf sediments further away from the channel. In the Mid-Shelf and Outer Shelf, it displays low abundance and low diversity.
BF1 which started to be deposited at about 6 ky BP reflects the source effect of the saline Mediterranean lower layer, diminishing
in strength toward more distal areas. In the Outer Shelf, changing foraminiferal faunal content may suggest that relatively low salinity
conditions in the bottom water were established after ~4 ky BP. BFZ2 consists of a mixed fauna (brackish and euryhaline
Mediterranean species), suggesting transitional conditions with intrusion of Mediterranean water earlier than ~8 ky BP. BF3
corresponds to the Neoeuxinian lake phase of the Black Sea.
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Karadeniz Giineybati Selfinin Holosen Sedimentlerindeki Bentik Fauna Topluluklari

Ozet: Bu calismada Karadeniz GB self alanindan alinan sediment karotlarinin bentik fauna icerikleri (bentik foraiminifer, mollusc ve
ostracod) incelenmistir. Karotlar boyunca bentik faunanin bolluk ve tlr cesitliligindeki degisimlerine bagli olarak 3 farkli bentik
topluluk ayirtlanmistir. Bu topluluklar BF1, BF2 ve BF3 olup, Yeni Oksin dénemin bitisinden giiniimiize kadar dip suyundaki
degisimleri yansitmaktadir. Kanal-Cevresi'nden alinan karotlarda BF1 yiiksek poptulasyon ve tir cesitliligi géstermekte, ancak self
sedimentlerine dogru her ikisi de azalmaktadir. Orta-Self ve Dig-Self'te BF1 dusuk poptlasyon ve fakir bir tir cesitliligine sahiptir. Bu
topluluk tuzlu Akdeniz alt suyunun Kanal cevresinde baskin oldugunu ve selfe dogru uzaklastikca etkisinin azaldigini yansitmaktadir
ve yaklasik 6 bin yil 6nce ¢okelmeye baslamistir. Dig-Self'te gézlenen foraminiferal faunadaki degisim, ginimuzden yaklasik 4 bin yil
once dip suyunun nispeten disik tuzluluga dogru degismesi ile alakali olabilir. BF2 karisik bir fauna (acisi ve denizel Akdeniz turleri)
icermekte ve Akdeniz suyunun yaklasik 8 bin yildan daha énceki girisi ile olusan gecis kosullarini yansitmaktadir. BF3 ise Karadeniz'in
Yeni Oksin'deki gol safhasina karsilik gelmektedir.

Anahtar Sézcikler: Karadeniz, bentik fauna, Holosen, Akdeniz, self sedimentleri

Introduction

The Black Sea is the largest anoxic basin in the world at
present and is connected to the Mediterranean Sea by the
narrow Bosporus and Dardanelles Straits, linked by the
Marmara Sea (Figure 1). It has a permanent two-layered
water system with a thin low-salinity surface layer of
riverine origin, overlying a relatively high-salinity deep
layer of Mediterranean origin. A sharp pycnocline defines

the boundary to stable anoxic conditions below shelf
depth. At present, there is water exchange with adjacent
seas through the Bosporus; however the exchange was
complicated in the past during global sea level variations
between glacial and interglacial periods, as a result of the
confined geographical situation of the passage-way.
During the Last Glacial Maximum, when global sea level
fell below the level of the sill located at the northern
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approaches of the Bosporus, the Black Sea was isolated
from the Mediterranean Sea and became a freshwater
lake (Neoeuxinian phase, 22 to 9 ky BP, Fedorov 1971;
Ross & Degens 1974; Nevesskaya 1965). During this
period, the shelf areas of the Black Sea were exposed to
subaerial erosion and excavated by rivers until about 11—
9 ky BP (Degens & Ross 1974). Recent studies indicate
that the Black Sea received a series of melt water pulses
originating from the disintegration of the Scandinavian ice
sheet between 18 and 15 ky BP (cal.) (Bahr et al. 2005).
However the mode and timing of the rise of sea level after
that time, in relation to its connection with the
Mediterranean Sea through the Marmara Sea via the
straits is under debate, and variably described as
‘catastrophic’ (Ryan et al. 1997, 2003; Ryan 2007),
‘persistent outflow * (Aksu et al. 2002a) or “fluctuating’
(Fedorov 1978; Chepalyga 1984; Yanko-Hombach 2007)
views. An abrupt transgression that originated from
Mediterranean waters at about 7.15 or 8.4 ky BP,
submerging the low-lying shelf area of the Black Sea, was
implied in the ‘catastrophic’ view by Ryan et al. (1997,
2003) and supported by others (Algan et al. 2002, 2007;
Lericolais et al. 2007). A strong and ‘persistent outflow’
of the Black Sea at about 11-9 ky BP into the Marmara
Sea argues against a low-level Black Sea at that time and
is shown to be responsible for major deposition of
‘organic-rich’-sapropelic sediments in the Marmara and
Mediterranean seas (Cagatay et al. 2000; Aksu et al.
1999, 2002a, b; Hiscott et al. 2002). ‘Fluctuating’ or
oscillating sea level within a range of 5 to 20 m between
Late Pleistocene-Holocene transgressive and regressive
cycles in the Black Sea (Fedorov 1978; Chepalyga 1984;
see also references in Yanko-Hombach 2007) is in
agreement with the ‘persistent outflow’ view, with
respect to a high sea level of the Black Sea before it
became connected to the Marmara Sea.

The study area includes the SW Black Sea shelf area
and the northern exit of the Bosporus channel. Faunal
composition of the bottom sediments is particularly
important for understanding the changing bottom water
conditions of the Black Sea in relation to the water
exchange. Present-day bottom water conditions of the
Black Sea support only about 20-25 % of the zoobenthos
of the Mediterranean Sea (Mutlu et al. 1993). Quaternary
stratigraphy of Black Sea sediments is based on mollusca
(Arkhangel'sky & Strakhov 1938; Nevesskaya 1965;
Fedorov 1978). Yanko (1990) established a

biostratigraphical scheme of the Pleistocene and Holocene
by investigating samples from sediment cores and
ecological parameters of living benthic foraminifera from
shelf and coastal environments of the Black Sea.
However, her sampling of the SW shelf was confined to
the outer shelf. Micro- (Meri¢ et al. 2001) and macro-
palaeontological data from the SW shelf sediments are
very few and/or limited to only characteristic bivalve
forms (Algan et al. 2007). In this study the spatial and
temporal distribution of foraminifera in Holocene
sediments from the SW shelf, together with other faunal
groups (mollusca and ostracoda) are examined. This study
aims to determine their response to bottom water
changes from lacustrine to marine conditions as well as to
understand the changing environmental conditions after
the first entrance of Mediterranean waters until the
present day.

Study Area

The study area is the SW Black Sea shelf (Figure 1). The
SW shelf area is the widest part of the Anatolian sector,
with ~25 km width off the Thrace Peninsula. The shelf
break occurs at about 110-120 m water depth, marking
the outer edge of a flat gently north-dipping continental
platform. At the northern exit of the Bosporus, the shelf
is cut by an 80-90 m deep channel representing the
northward extension of the strait (Figure 1c; Di lorio &
Yice 1999). Beyond a sill located at a water depth of
about 60 m the channel disappears on the outer shelf;
however, in line with the channel’s course, a deep canyon
is located at the shelf break.

The present oceanography of the Black Sea is
governed by water exchange through the Bosporus as a
two layered flow. The Black Sea receives a large amount
of fresh water input from rivers (~350 km®y) and
precipitation (~300 km3/y), well in excess of evaporation
(350 km?), leading to a positive water balance
maintaining a low-salinity surface layer (18-20 psu).
These conditions lead to an outflow through the Bosporus
which is higher than the average inflow of saline (38-39
psu) Mediterranean water that flows northward as an
undercurrent into the Black Sea (Unliiata et al. 1990)
throughout the year (except when interrupted for short
duration by strong winds) (Latif et al. 1991). The
continuous Mediterranean inflow is greatly confined
within the narrow Bosporus channel, which is initially
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oriented in a northeast direction, then turning to the
northwest (Figure 1c). Spreading of the salty
Mediterranean water (36 psu) on the shelf occurs close to
the shelf edge at ~100 m, where the water is diluted to
25 psu (Di lorio & Yuce 1999).

On the SW shelf, an anticlockwise rotating ‘Rim
current” flows eastward along the Anatolian coast,
separating cyclonic gyres of the basin centre from
anticyclonic coastal eddies (Oguz et al. 1992; Sur et al.
1994). Annually 2.8 km® water and 150,000 tons of
sediment are discharged onto the SW shelf from several
small rivers draining the Thrace peninsula (Hay 1994;
Aksu et al. 2002a).

Materials and Methods

A total of 14 sediment cores were collected with a gravity
corer in August 1999 on board the R. V. Arar of istanbul
University, Institute of Marine Sciences and Management
(IU-IMSM) from positions located along high frequency
seismic profiles (Figure 1b). Cores WB5 and WB7 were
recovered from the northern exit of the Bosporus in June
1996 on board the NATO Research Vessel Alliance. Core
data are presented in Table 1.

The sediment cores were sampled at 5 to 10 c¢m
intervals, depending on the lithological variations. Wet
samples weighing about 20 g were soaked in 10% H,0,
for about 24 hours, and then washed on a 0.063 mm

Table 1. Cores collected from the SW Black Sea shelf.

sieve. The residue was dried in air and later sieved on 2.0,
1.0, 0.5, 0.25, 0.125 and 0.063 mm sieves. After
examining the residue from all the sieves, the great
majority of benthic foraminifera were found on the 0.25
mm sieve. Benthic foraminifera within the < 0.25 mm
size fraction were too small to identify different species.
Hence only specimens from the > 0.25 mm size fraction
were identified and counted. Ostracodes were also
separated from the samples and identified. Mollusc
species were handpicked from the bulk samples, identified
and counted. Broken shell fragments were described as
spp, and counted separately.

Age determination of selected mollusc samples was
carried out by radiocarbon dating at the Isotope
Geochemistry Laboratory of Arizona University and
Geochrone Laboratory (USA) (Table 2). Articulated
mollusc samples, unbroken and clean were selected for
age determination, avoiding old and reworked material. A
reworked Dreissena shell was also dated (17.970 yr BP,
Table 2) in order to have an idea of the age of reworked
material. In this study, reported dates are given as
uncalibrated radiocarbon years BP (yr BP).

Stratigraphy from the Seismic Profiles

According to previously published seismic explorations in
the study area, a widespread shelf-crossing erosional
surface separating two units was observed (Aksu et al.

Core No Location Water Depth (m) Core Length (cm)
1 41°1620'N / 29° 06 20°E 51 57
2 41°23'10'N / 29°08'00°E 80 80
3 41°16°20N / 29°0620°E 102 214
4 41°32"10N / 29°0520°E 103 245
5 41°25'50'N / 29°01°05°E 84 65
7 41°2415"N / 28°38'00°E 61 141
8 41°31°95'N / 28°43'00°E 81 247
9 41°40°00N / 28°48'00°E 113 212
10 41°50'80N / 28°37°00°E 124 63
11 41°45°20N / 28°5775°E 72 230
12 41°36"75'N / 28°1330°E 63 246
13 41°4320'N / 28°0620°E 54 240
14 41°51°90'N / 28°20'00°E 64 240
15 42°00'40N / 28°33'50°E 100 80
WB7 41°2028N / 29°80°41°E 74 95
WB5 41°22"18N / 29°54'55°E 79 84

242



D. ONGAN ET AL.

Table 2. Uncalibrated radiocarbon dates obtained from mollusc samples.

Core no Interval in core (cm) Conventional '“C age (yr BP) Material

5 55-60 7280 + 165 Mytilus sp.
WB7 94-95 7550 + 215/-210 Dreissena sp.
7 130-141 7900 + 270 Dreissena sp.
10 55-63 11.800 + 430 Dreissena sp.
13 210-213 5930 + 200 Dreissena sp.

3 100-110 2435 + 130 Mytilus sp.
100-110 17.970+545/-510 Dreissena sp.

110-120 4330 + 125/-120 Mytilus sp.

2002a; Algan et al. 2007). It extends to the shelf edge at
120 m water depth which was the palaeoshore of the
earlier Neoeuxinian Lake phase of the Black Sea. Unit 1
drapes the erosional surface and displays various
depositional features (Figure 2a—c). It is represented by a
thin drape in the westernmost part of the area, and is
widespread across most of the inner and outer shelf with
parallel internal configuration (Algan et al. 2007). In the
eastern part of the study area, close to the Bosporus
channel, Unit 1 consists of depositional bodies having
wavy morphologies and/or irregular bedforms on Lines 6
and 7 (Figure 2c, d). These distinctive features are found
at water depths of 80 to 100 m, grading shoreward to a
thin drape, and were interpreted as shallow water
depositional features (Algan et al. 2007) such as barrier
islands/beaches and sediment ridges, sediment waves, and
current-generated marine bars (Aksu et al. 2002a),
formed during a relatively rapid but progressive sea-level
rise. Aksu et al. (2002a) differentiated Unit 1 into four
subunits, representing lowstand, transgressive and
highstand system tracts. Unit 2 is represented by
seaward-prograding clinoforms at the shelf edge and
indicates various lowstands and subsequent sea level rises
(Algan et al. 2007).

The majority of the sediment cores collected in this
study represent the uppermost part of Unit 1. Cores 1, 7,
8,9, 11, and 12 sample the thin drape of Unit 1, whereas
cores 2, 3, 4, and 5 also contain the irregular bedforms
in the easternmost section of the study area, below the
thin drape. This is most conspicuous in the lower part of
cores 2, 3 and 5, by the presence of coarse-grained
and/or thick shelly sediments and the hardness of the

substratum. Core 10 is retrieved from a water depth of
124 m at the shelf edge where Unit 1 becomes very thin
or almost disappears, and could not penetrate farther
than 62 c¢m due to the hardness of the bottom (Figure
2a). It includes the sediments just above the erosional
surface that separates units 1 and 2. No seismic
information for cores WB5 and WBO7 from the Near-
Channel area is available.

Results

In the presentation of results four physiographical areas
are distinguished based on present-day environmental
conditions; Near-Channel, Inner Shelf, Mid-Shelf and
Outer Shelf (Figure 1b). Near-Channel cores represent
also Inner and Mid-Shelf environments, with respect to
their water depths.

I. Near-Channel Cores 1, 2, WB5 and WB7 were
collected from the shelf adjacent to the Bosporus
Channel, from water depths between 51 and 84
m.

II. Inner Shelf Cores 7, 12 and 13 represent the Inner
Shelf area between igneada and Bosporus, with
water depths of 50 to 60 m.

I1I. Mid-Shelf Cores 5, 14, 11 and 8 were collected
from water depths of 60 to 80 m between the
Inner and Outer Shelf areas.

IV. Outer Shelf Cores 3, 4, 15, 9 and 10 were
collected from 100 to 120 m water depth.
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Figure 2. Continued.

Lithology and Chronology

The lithological characteristics of the sediment cores are
schematically represented in Figure 3. In general,
relatively coarse-grained sediments with abundant shells
and shell fragments are prevalent in the Near-Channel and
Outer Shelf areas, whereas fine-grained sediments are
common on the Inner and Mid-Shelf. Different from all

other cores, core WB7 from the Near-Channel area
consists entirely of sand-sized material, including
abundant shell fragments. Fine-grained sediments are
composed of dark grey to greenish grey mud, with
laminations and colour bands, particularly in Inner and
Mid-Shelf cores. Shell layers and scattered shells often
occur in the muddy sediments, except in cores 8, 11 and
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14 from the Mid-Shelf. Sandy layers with abundant
broken shells at the base of cores 3 and 5 are indicative
of a shallow water depositional environment where
irregular bedforms shown in seismic profiles were formed
(Figure 2c, d). Core 10 also consists of broken shells with
some fine sand material underlying a surficial dark grey
mud layer, but this core was recovered from the shelf
edge, where an erosional surface is almost exposed to the
sea floor (Figure 2a). At the base this core, a Dreissena
shell gave an age of 11.8 ky BP (Table 2), which is the
oldest age obtained from the available cores in the study
area. This age dates the sequence to the lacustrine-
Neoeuxinic period of the Black Sea. Ages obtained from
the base of Near-Channel (WB7), Inner Shelf (7), and
Mid-Shelf (5) cores vary within a range of 7.3 and 7.9 ky
BP. Core 13 from the Inner Shelf consists of almost
homogeneous mud. Some shell fragments, predominantly
Mytilus, occur close to its base (210-213 c¢m) and were
dated to 5.9 ky BP. From shelly layers between 100-
110 and 110-120 cm depth in core 3, two Mytilus shells
gave ages of 2.4 and 4.3 ky BP, respectively. In this layer,
one of the reworked thick-shelled Dreissena shells was
dated to ~18 ky BP.

Faunal Characteristics and Vertical Distribution of
Benthic Assemblages

Vertical distribution of dominant benthic foraminiferal
and mollusc species in selected cores from the four
physiographical areas are presented in Figures 4 to 11,
while distribution of ostracod species are summarized in
the text below and in Table 3. From these distribution
patterns, three different benthic faunal assemblages were
distinguished (Figure 12). Each assemblage differs from
the others in terms of relative abundance, diversity and
affinity of the faunal groups. Additionally, similarities in
vertical distribution pattern of these parameters in cores
are also considered. The full list of taxa for each
assemblage is documented in Table 3. Faunal data are
given in Supplements 1 and 2.

BF1: This benthic faunal assemblage is widespread in
the area. It is dominated by Ammonia, and includes
euryhaline mollusc and mesohaline ostracod groups. Total
benthic foraminiferal abundance is very high (> 2000
specimens per 20 g, Supplement 1) throughout cores 1
and 2 from the Near-Channel area (Figure 4b), reaching
maximum abundances at the top, whereas diversity is
constant. Cores WB5 and WB7 have a lower foraminiferal

abundance, but a high diversity (Figure 4a, Supplement
1). The foraminiferal fauna is dominated by Ammonia
compacta, together with relatively abundant
Quinqueloculina seminula, Lobatula lobatula and some
Elphidium and Pyrgo species, and low quantities of
Textularia, Triloculina, Lobatula, Rosalina, and
Cribroelphidium. These are mainly Mediterranean
immigrant species.

In general, abundance and diversity of BF1 in the
Inner Shelf sediments is lower, compared to that of Near-
Channel sediments. In core 12 from the Inner Shelf area,
benthic foraminiferal abundance is low from the surface
to 140 cm depth, ranging from 1 to 150 specimens per
20 g, and the assemblage consists of A. compacta and a
few A. tepida (Figure 5a). Below this depth, benthic
foraminifera increase to 500 specimens per 20 g and are
dominated by A. compacta, however this increase is not
consistent downward. The number of species (NS) does
not indicate a significant change. In core 7, the BF1
assemblage is recognized by a sharp increase in
foraminiferal abundance (~1900 specimens per 20 @)
between 60 cm and 70 cm, decreasing toward the upper
part (15 cm) of the core. A similar pattern can be noticed
in NS (Figure 5b). A. compacta is the most common
foraminifer in the BF1 assemblage of core 7, occurring
together with other species as Quinqueloculina seminula,
Q. cf. anguina, and A. parasovica.

In the Mid-Shelf area, the BF1 assemblage is
represented by sporadic occurrences of three species of
Ammonia in cores 8, 11 and 14 (Supplement 1, Figure
7a—Cc). In core 5 foraminiferal abundance as well as
diversity are generally high, with dominance of A.
compacta. Quinqueloculina seminula and Elphidium
macellum are also abundant. Both foraminiferal
abundance and NS decrease in the upper 15 cm of core 5.

In the Outer Shelf, this assemblage is characterized by
low foraminiferal abundance, with the exception of core 3
(Figure 9a—c). Foraminiferal abundance does not exceed
50 specimens throughout core 9 and in the upper part of
cores 4 and 15 (Supplement 1). The topmost 10 ¢cm of
core 10 contains only 2 specimens per 20 g of E.
punctatum (Supplement 1). In core 3 foraminiferal
abundance increases from 90 cm to 40 cm (Figure 9a). A.
parasovica is dominant in the upper 90 cm, whereas A.
compacta is abundant in the lower part. NS increases
below this interval. On the contrary, in core 4 A.
parasovica is abundant below 140 cm (Figure 9c). The
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Figure 11. Vertical distribution of molluscs in core 10 from the Outer-Shelf. Horizontal axis indicates relative abundance in percentage. NS— number

of species, TP- total pelecypoda; TG- total gastropoda.

abundances of A. compacta and A. parasovica display
opposite trends in the upper 140 cm. NS is relatively high
in this part of the core, with low numbers of Pyrgo and
Quingueloculina species. The opposite trends of A.
compacta and A. parasovica can also be noticed in core 15
(Figure 9Db).

The mollusc fauna is dominated by pelecypoda in core
2 from the Near-Channel (Figure 4c, d, Supplement 2)
and represented by Parvicardium exiguum, Spisula (S)
subtruncata triangula, and Scrobicularia plana, together
with a few Nucula nucleus, Mytilus sp., Chione (C.)
gallina, Corbula gibba, while relatively common
gastropoda are Hydrobia acuta, Bittium desayesi and
Calyptraea chinensis. In cores WB7 and 2 there are also
Dreissena polymorpha (Supplement 2) with very thick-
walled shells, strongly suggesting that they are reworked.
Radiocarbon dating from such a Dreissena shell from core
3 confirms this view, yielding an age of ~ 18 ky BP (Table

2). Gastropod fauna occurs in low quantity or is absent in
cores 1, WB5 and WB7, and is represented mainly by B.
desayesi, B. latreilli and H. acuta (Supplement 2).

B. desayesi, B. latreilli, P. exiguum and S. subtruncata
are common in core 13 (Supplement 2) and in the 15-70
cm interval of core 7 (Figure 6b, c) from the Inner Shelf.
The sharp fluctuations in the vertical distribution of
mollusc fauna correspond with the lithological changes
between shelly layers and grey mud (Figure 3).

In general, molluscs occur only sporadically in Mid-
Shelf cores (Supplement 2), however H. acuta and Mytilus
sp. are relatively abundant in core 5 (Figure 8).

Modiolus species and H. acuta are common in cores
from the Outer Shelf (Figure 10; Supplement 2). H. acuta
is the most common gastropod in the upper 100 cm of
core 3. The other mollusca are Modiolus phaseolinus, P.
exiguum, S. subtruncata triangula, S. plana, B. latreilli,
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Trophon muricatus and Retusa truncatula in the shelly
layers of core 3 (Figure 10a, b).

Ostracods are represented predominantly by
mesohaline forms of Mediterranean-Atlantic origin, such
as Loxoconcha agilis, Carinocythereis carinata,
Hiltermannicythere emaciata, Callistocythere pallida, C.
carinata, Costa edwardsii, Ptherigocythereis jonesii and
Paracypris polita (Table 3).

BF2: This assemblage is characterized by a mixed
fauna of low salinity (brackish) and high salinity (marine)
environment, particularly for what concerns the mollusc
and ostracod groups. Dreissena polymorpha, D.
rostriformis, and M. caspia caspia are species of Caspian
Sea origin (Chepalyga 2007), preferring 0.5-3.5 %o in
the Black Sea (Liakhnovich et al. 1994) and tolerating a
maximum of 6%o salinity in the Baltic Sea (Jarvekulg
1979). Dreissena rostriformis distincta does not live
presently in the Black Sea basin, except in the estuaries of
the rivers Dniester, Dnieper and Don (Arkhangel'sky &
Strakhov 1938).

On the inner shelf, mollusc fauna consists of fresh-
brackish D. polymorpha, D. rostriformis distincta and
Monodacna caspia caspia, and marine M. edulis and P.
exiguum, below 70 cm of core 7 (Figure 6¢) and below
220 cm of core 13 (Supplement 2). The Near-Channel
core WB7 also contains this assemblage in its lower part
(Supplement 2). However, the boundary of BFZ2 is
indistinguishable due to presences of old Dreissena shells
throughout the core (Figure 12). On the Mid-Shelf this
assemblage is present only in core 5 (Figure 8a), while
cores 8, 11 and 14 contain only few molluscs
(Supplement 2). The lower part (50 to 65 c¢m) of core 5
contains Mytilus and D. polymorpha. In the Outer Shelf,
the BF2 assemblage is present in cores 4 (Supplement 2)
and 15 (Figure 10c).

A similar mixture can be observed amongst the
ostracod group. Low salinity tolerant-brackish
Tyrrhenocythere amnicola and Candona angulata
(Carbonel 1983; Krstic 1977) and mesohaline,
Mediterranean-Atlantic species Callistocythere pallida,
Carinocythereis carinata, Hiltermannicythere emaciata,
Loxoconcha agilis and Xestoleberis depressa (Nazik et al.
1999) occur together in this assemblage (Table 3).

The foraminiferal fauna of BFZ2 has a lower diversity
than the overlying BF1 assemblage (Table 3). A.
parasovica is the most dominant foraminifer in this
assemblage, instead of A. compacta which dominates the
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upper assemblage in cores 7 (Figure 5b) and 4 (Figure
9c), and is relatively abundant in core 5 (Figure 7a).

BF3: Fauna consists of predominantly brackish
mollusc species (Neoeuxinic fauna) and is found only in
core 10 collected from the outer shelf (Figure 11). Only
few foraminifera (Supplement 1) are found in this
assemblage. Mollusc fauna consists of abundant D.
rostriformis distincta, including many fragments, and the
fresh-brackish water species Theodoxus fluviatilis.
Prevailing ostracoda are Ponto-Caspian taxa such as
Euxinocythere sp., Candona (Caspiolla) sp., Candona
(Metacandona) sp., Candona (Typhlocypris) sp., Candona
angulata and Tyrrhenocythere (Table 3). Tyrrhenocythere
is a fresh-brackish genus and prefers shallow water
depths (<30 m) with shelly substratum and presently lives
in the Caspian Sea, Baltic Sea, and Lake Aral.

Discussion

Three different benthic assemblages (Figure 12) in the
sediments from the SW Black Sea shelf reflect changing
bottom water conditions. The topmost assemblage BF1 is
characterized by high faunal abundance and diversity in
the Near-Channel cores, diminishing toward the shelf
further away from the channel. Ammonia compacta,
Quinqueloculina seminula, Elphidium macellum and
Lobatula lobatula are the most common species, whilst
Triloculina  adriatica, Pyrgo anomala, Textularia
aglutinans, T. bocki sparsely occur in Near-Channel cores
(Supplement 1). However, in the shelf sediments,
foraminiferal fauna of this assemblage generally displays
low diversity and low abundance and consists of A.
compacta, A. tepida and A. parasovica. Cores 8, 11, 14
from the Mid-Shelf (Figure 7b, ¢; Supplement 1) and core
12 from the Inner Shelf (Figure 5a) and core 9 from the
Outer Shelf (Supplement 1) contain only these species. A.
compacta is a polyhaline species (= 18 %o, Yanko 1990)
and found in the north and northwest of the Black Sea in
water depths ranging from 71 to 220 m, and is also
abundant in the shelf areas of the Caspian Sea at 36-70
m depths. A. tepida and A. parasovica are euryhaline
species (1-26 %o, Yanko 1990). The present day benthic
foraminiferal fauna of the Black Sea shelf is dominated by
the Ammonia genus (Yanko 1990). Meri¢ et al. (2001)
found a low-diverse recent benthic foraminiferal
assemblage, investigating surface sediments of the shelf
area between Kilyos and Amasra (Figure 1).
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The diversity of the mollusc fauna in the Near-Channel
and Inner Shelf cores is high (Figures 4c, d, and 6b, c),
becoming lower in the Mid-Shelf and Outer Shelf cores
(Figures 8 & 10). S. subtrancata triangula, S. plana, P.
exiguum, Corbula (V.) gibba, H. acuta, and B. desayesi are
abundant in the Near-Channel and Inner Shelf cores.
Modiolus phaseolinus and Retusa truncatula become
relatively abundant in the Outer Shelf cores. Albayrak
(2003) studied the mollusc fauna of the recent sediments
from the shelf area to the west and east of the Bosporus
exit to a water depth of 65 m. The diversity of the
mollusc fauna was highest in the 11-20 m depth zone,
decreasing to 2-3 species in the 41-60 m depth zone
which partly corresponds to the Inner Shelf area of this
study. S. subtruncata was the most widespread species in
this zone as observed in BF1 of Inner Shelf cores.

The Mediterranean lower water layer is the apparent
source for species-rich and abundant euryhaline
Mediterranean benthic fauna observed in the Near-
Channel area. Sedimentological effects, such as
winnowing out of fine-grained sediment in the Near-
Channel area and concentration of coarse-grained
sediments containing abundant foraminifera, can not
explain this distribution pattern. Cores collected from the
Near-Channel area are away from the main channel,
where strong currents occur. Besides, they consist of
different lithologies (Figure 3), but consistently have
higher abundance of foraminifera as compared to other
cores. At present, the saline Mediterranean lower layer
enters the Black Sea following the Bosporus channel.
Although the plume spreads laterally at the outer shelf,
the main part of it is transported into the deep basin (Latif
et al. 1991; Di Irio & Yice 1999). Therefore, BF1 must
be considered to reflect the source effect of the saline
Mediterranean lower layer issuing forth from the
Bosporus, reducing in strength at more distal areas.
Radiocarbon dates obtained from the base of BF1 in core
13 suggest that it started at ~6 ky BP (Figure 12). In the
Mid-Shelf, the low diversity of both the foraminiferal and
mollusc fauna of BF1 are comparable to those found in
recent sediments in the study area, suggesting that it
represents conditions close to present-day relatively low
salinity (Yanko 1990; Meric et al. 2001; Albayrak 2003).
Within the BF1 assemblage, a different fauna is observed
in the upper 90 c¢m of core 3 and in core 15 from the
Outer Shelf (Figure 9a, b), with dominance of A.
parasovica, as in the BF2 assemblage. However, mixed
mollusc and ostracod fauna are not present in core 3 and

in the upper 50 c¢m of core 15 and hence they cannot be
considered as BF2. A. parasovica is a euryhaline species
and hence can tolerate a wide range of salinity conditions,
compared to the polyhaline A. compacta. Therefore, this
sharp change in the foraminiferal fauna might indicate a
salinity change in the bottom water. Two radiocarbon
ages obtained from Mytilus shells in core 3 range between
~2.4 and 4.3 ky BP (Table 2), indicating the approximate
date of this change. The presence of reworked and old
Dreissena shells (Table 2) between the dated layers
suggests an erosional event, although the resolution of
seismic profiles is not adequate to verify this (Figure 2d).
The oldest date of the Mytilus shell can be considered to
represent the date of this change.

Benthic assemblage BFZ which is a mixture of two
different affinities indicates the beginning of the marine
conditions in the brackish Neoeuxinic basin. Although A.
compacta is the most common species in this assemblage,
A. parasovica becomes dominant in the Outer Shelf (core
4, Figure 9c) and is relatively abundant in the Inner Shelf
core 7 (Figure 5b) and Mid-shelf core 5 (Figure 7a). The
ages obtained from the layer containing BF2 in cores
WB7, 5 and 7 vary between 7.3 to 7.9 ky BP (Figure 12).
Although no sediment cores reached the lower boundary
of this benthic assemblage, it must date from earlier than
7.9 ky BP, because of the salinity threshold which is
necessary for the adaptation of euryhaline taxa after the
first incursion of Mediterranean water. This finding
supports previously published datings of Mediterranean
water intrusion into the Black Sea, varying from 8.2 ky to
9.5 ky BP (Ryan et al. 2003; Major et al. 2006; lvanova
et al. 2007; Yanko-Hombach 2007).

The BF3 assemblage clearly reflects the fresh-brackish
condition of the Neoeuxinic basin, before the
Mediterranean intrusion. The age determination from a
Dreissena shell confirms that it corresponds to the
Neoeuxinian period.

In the traditional Late Quaternary stratigraphical
scheme of the Black Sea sediments established by former
Soviet Union scientists, the Holocene is divided into four
phases, consisting of regressions and transgressions
within a range of about 1 to 20 m (Arkhangel'sky &
Strakhov 1938; Nevesskaya 1965; Fedorov 1978;
Balabanov et al. 1981), based on the faunal contents of
the sediments from the NW, north and NE shelf areas of
the Black Sea. However, Kaplin & Selivanov (2004)
reconstructed fluctuations of relative sea level caused by
variations in river discharge in response to climatic
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changes on the Russian Plain during the middle and late
Holocene. These fluctuations were on the order of several
metres with four high sea level stands at about 7.5, 7-6,
5.5-4.5, and 2.2-1.7 ky BP. Nevertheless, we refrain
from making a correlation, since the faunal assemblages
identified in their study are not strongly comparable with
those described in the present study, except their
affinities. This might be due to regional variations in the
benthic faunal content of shelf sediments of the Black Sea
(Yanko 1990). More detailed investigation of the benthic
fauna in the study area is necessary to integrate it into a
wider context.

Based on the observation of lateral variations in the
benthic faunal assemblage, H. acuta and M. phaseolinus
seem to prefer the Outer Shelf where water depths are
greater than 80 m, while B. desayesi and S. subtruncata
triangula are characteristic species for the Inner and Mid-
Shelf environments of the SW Black Sea.

The findings of this study may not directly serve to
resolve the mode of the last connection with the
Mediterranean Sea, because these data do not show at
what depth the sea level in the Black Sea was when the
Mediterranean water penetrated in the early Holocene.
BF1 point to sea level changes at about 6 ky BP after its
initial penetration earlier than 8 ky BP. At about 6 ky BP,
the rate of global sea level rise was reduced (Fairbanks
1989; Bard et al. 1996) with the stabilization of the
global eustasy (Pirazzoli 2005). The dominance of A.
parasovica might be a sign for reduced salinity conditions
at the Outer Shelf after ~4 ky BP.

Conclusions

Three benthic faunal assemblages were identified in
sediment cores collected from the SW shelf area of the
Black Sea, reflecting the transition from the termination
of the Neoeuxinian Lake phase to recent conditions. BF1
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Appendix 1

Foraminiferal data of the studied cores from the SW Black Sea shelf (Data of cores
5, WB5 and WB7 are given as separate tables below, due to their higher diversity).

263



264

BENTHIC ASSEMBLAGES OF THE BLACK SEA SHELF

sobe|quiassy dlyjuag

1(d9.L) esoyiuILIRIO JlyUSg [BIOL

“ds wniprydjz

(wenbusy) wnyeyound wnipiydig
(oW 8 193Y1d) winjjeoew wnipiyd|q
(Aub1quQ,p) wnsoueib wnipiydig
(e1s0)) susrdpep wnipiydjeo.qri)
“ds eluowiwy

uewysn) epiday ejuowiwry

(Aub1quQ,p) eueruosuniied eluowiuy

JaRe|\ B BULIPSYIS]S Eoimoseled ejuowily

19¥J0H epoedwos ejuowily

+ds ginzeqo7

(qooer pue JaMem) ein1eqoT einjeqo
+ds euryduiowiAjoqd

-ds eurnoojiiy,

‘AR T ‘ ZoAe) o7 edijelipe eulniojii,
*ds o644

(13sanns) ruoswelim obifq
(Aubrquo,p) ezeusour obif4
(Aubrqu,p) erEbUOE 0DIAH
(1ebJequuniyds) erewoue ejewioue obiA4
+ds eurnoojanouingy

(suun) ginurwes eujnooranbuingy

(wenbusy) eumnbue 3o eujnoofanbuindy
puniboHpOqg eLENIXs ]

(Aub1quQ,p) sueunnibbe etieinixs,

(puerreg
'3 UD||y-UOJSY) euerund eligjeisowiiy

(wp-yadep) Jaquinu 8109

1977
2061

1

6

5

1425 219 86 85 68 9

1648

1611

72

10

119 77 64 71
14

1

65

30
40
50
57

1860 BF1
1808
1628

2
4

69 35 42

71

16

12
10

58 45 20 35
46 81

1626
1428

3

14 28

4

14

44 5637 BF1

34 3718
27 2859

348

102 63

15 3852 76
18 2264
14

104
304

3

8 16 11
10 20 12

24 892 61

41

4

176
168

164 57

62
56
91

18

488 31

6
4

10
15
20
25
30
35
40

54 51

1764

95

B8
5
4

12 26 21 5

22 472 51
42
2 28 1708 29

6
2

19 4961
16 4473

11

23 3372

136
196
68
91

38 71

16 3272
12 3168

102
44
38
78
24
42
35
25
64

1
1

12

18 11
16 27 8

19

1036 62

62 59

74 67

69
52
48
35
44
28
96
33

1

2922

1968
2108

8

11

21

12
16

9 32

7

3
12 22 9

13 23

18 21

496 35

21

58 175

2

19

12 768 42
18 578 71

3

18 2534
24 2755

21

72

66 72
45 54
64 48
98 62
74 59

38 45

1544
1714

7

9
12

8

82

2 16 624 37
19 646 22
50 750 26
92 938 28
3 24 344

2

45

2244

102

1

1192
2252

3
9 22 5

11

50
55
60

33 3619
25 3905

46 2145

81
84
36

6
13 2318

15
15
10

3

16 41

11

1

1364 46

5

32

16

19

65



sebejquiassy J1yauag

1(49.L) esoyiuILIRIO JlYUSY [BIOL

‘ds wnipiydjg

(wenbusy) wnyezound wnipiydiq
(oW 8 [93Y1d) winjjeoew wnipiydjg
(Aubrqu,p) wnsoueib wnipiydjg
(e3s0)) susrdpep wnipiydjeo.qii)
*ds euowiwy

uewysn) epiday ejuowiwy

(Aub1quQ,p) eueruosuniied eiuowiuy

JoRe|\ g eULIPaYIS]IS eamoseled ejuowily

I9YJOH epoedwod ejuowly

‘ds ginjeqo7

(qooer pue JeM[em) einzeqo] einjeqo
-ds eurydiowAjod

+ds eunnoojiiy,

‘AR [ ‘ ZoAeD o1 BJljeLpe euljniojll],
*ds ob.Ay4

(13saAlS) uoswelim obif4
(Aubrquo,p) ezeulour obis4
(AubquQ,p) erebUOI0 0OIAH
(Jebiaquiniyds) erewoue ejewoue obiA4
-ds euinoojanouingy

(suur) ginurwess euinooranbuingy

(wenbus ) euinbue *yo euynoojenbuingy
puniboHppOqg eLENIXS ]

(Aub1gquQ,p) sueunnibbe etieinixs

(puerreg
3 UD||y-UOJSY) eueiunJ elig/eisowy

(wo-yadsp) Jaquinu a10)

2222

51

190

1

162 49

92

144 25 184

4
B8
2

16
19

1136 57 24 48

18
22
2 26

2

6

43 5904

51

72

178 26 3428 172 158 63

190 31

12

1442 63 26 172

75
80

6739

224

165 75

3648 228

2

1834 72 32 96 42

4

1

D. ONGAN ET AL.

BF1

11

10
20
30
40

18
110
770
430
384

17
100 5

67
657
412
348

26

18
34
40
17
12

50
60

237

196

70

172
184
23

150

80

11

157

90
100

21

m - © o a N 8 ma
-~ NN&OdnS Q-5 m
()
=
N <
- N 3 o 9 N

10
16
18
78
45
139
169
13
67
18

110
120
130
140
150
160
170
180
190
200

265



266

BENTHIC ASSEMBLAGES OF THE BLACK SEA SHELF

sebe|jquiassy diyjuag

1(d9.L) esajiuIIRIO] IYIUSY [10]

“ds wnipiydjg

(wenbus ) wnieound wnipiydig
(oW %8 193yd1d) winjeoew wniprydjg
(Aub1quQ,p) wnsoueub wnipiydig
(e3s00) susidivap wnipiydfa01qL)
+ds eluowwy

uewysn) epida} ejuowiwly

(Aub1quQ,p) eueluosupiied ejuowiuuy

Jafel 8 eulpayds]s eamoseled euowiy

I9YJOH epoedwod ejuowily

‘ds ginjeqo7

(qooer pue Jss[ep) einzeqoT einjeqo
-ds euryduowifjoq

“ds eurnoojiiy,

AR T ‘ ZOAe) 97 edlpelIpe eulnoojli]
-ds 0644

(L3senIS) ruoswielim obuA4
(Aub1quQ,p) ezeusour obifd
(Aub1quQ,p) ezebuoie obif4
(1ebJsquun|yos) erewoue ejewoue obiA4
*ds eunooranouingy

(uur) ginuiwes euinoojanbuindy

(wenbus ) eunbue 3o euynoojenbuingy
puniBoHP0q elienIxs

(Aub1quQ,p) sueurnnibbe etreinixs

(pueprey
3 UD||\/-UOJSH) eueiunJ elie[edsowwly

(wo-yzdap) Jequinu a10)

o m
—
N N

<

25
27

10

10

o

o
N

o
m

11

o
<

15
22

o
|57]

16
18
27
20

o
©

BF1

35
35
23
46

10

o
&~

o
@

o
[®)]

15

16

100

110
120

45
35
95

38

130
140

BF2

23

76

12
12

150
160

101
59
87

13
13

11

76

45
76

170
180
190
200
210

147
218
992

133
202
902

18
52

38



D. ONGAN ET AL.

sebejquiassy d1yjuag % E
1(d6.L) eJojlUIUERIO] DIYIURE [BIOL B © N28398833893383833088 s ot &
N — N ~mF oS n2rcrmnn8® -~ - ¥ - -
“ds wniprydig
(wenbus ) wnyeound wnipiydig
(IO 8 193Ud1d) winjjeoew wnipiyd|q
(AubrquQ,p) wnsoueib wnipiydig
(e3s0)) susardpep wnipiydjeoiqrip
-ds gluowwy =
uequngep!dalaruowwvuq_aam R I T TR R B S &
(Aub1gJ0,p) eueruosupited ejuowy MmN M- - — n o o - ® = =
Jofe|\ g eulpaydsis eomose.ed ejuowily E ér N . P <G =
JayjoH ezoedwiod eluowwy nmamoaB8omnms SR g Np = o
e THE22%S3 82T E 8
*ds ginyeqo7
(qooer pue Jayjep) ginzeqo7 einieqoy
+ds euryduowiAjod
-ds eurnoojiiy,
'A% T ‘ ZOA[eD o7 edlpelIpe eulnooji],
-ds o644
(113seAns) ruoswelim obifq
(AubrquQ.p) ezeusour obifq
(AubrquQ,p) erEbUOE ODOIAH =
(1ebJequuniyos) erewoue ejewioue obiA4
+ds euinoojanouingy
(puun) ginurwes eujinooanbuingy _ _ o © — 0 _ _
(wenbusy) euinbue 3o euynoonbuingy ~ M < — mT~o Y« ) @)

puniBoHR0q eLEeNIXa ]

(Aub1quQ,p) sueunnibbe eaieinixs,

(puerreg
9 USJ|y-UOJSH) BueiunJ elieg[essowuly
i mMomaomOomaomomo-ss O m
(wo-pdop) equinuaio) S 8 8 " 2L IR RBSYBRBTI L8R8 2R

267



268

BENTHIC ASSEMBLAGES OF THE BLACK SEA SHELF

sebejquiassy dlyjuag

1(49.L) eJajiuiweIof d1y3udg B30,

“ds wniprydjg

(wanbusl) wnyeound wnipiydig
(110N 8 193UdL) winy@oew wnipiydig
(AubrquQ,p) wnsoueib wnipiydig
(e3s0)) susrdpap wnipiydjeoiqrip
“ds eluowwuy

uewysn) epiday ejuowiy’

(Aub1qu,p) eueiuosuniied euowituy

Jahel\ 8 eULIPBYIS)S BoMmose.led eluowily

19YJOH epoedwos eluowiuly

*ds ginjeqo7

(qooer pue Javen) ginzeqoT enieqoy
+ds euryduowiAjod

“ds eurnoojiiy,

‘AR T ‘ ZoAeD o7 edi3elipe eulniojil,
‘ds obuA4

(113sanANIS) ruoswelim obifq
(Aubrquo.p) ezeusour obIA4
(AubiquQ,p) erebUOjE 0OIAH
(1ebJequun|yos) erewoue ejewioue obiA4
+ds eurnoojanouingy

(puun) ginuwes euinooanbuingy

(wenbusy) euinbue 3o eunnoopnbuingy
puniBoHR0q eLENIXa ]

(Aub1quQ,p) sueunnibbe eaieinixs,

(puepeg
3 US|[\/-UOJSH) eueiunJ elie[edsouwily

(wo-yadsp) Jaquinu 310)

130

©

140

o
m

S S M AN NN © — Inm

M <& — N N N © — [N m

10
20
30
40
50
60
70
80
90
100

©om—©mm—mno N

© ¥ — MmN MmN ~— — © 0

110
120

130

140

150

160

170
180

190
200
210

—

20

19



sebejquiassy Jlyjusg

1(49.L) esoyiuLIRIO JlYIUSg [EIOL

“ds wniprydjg

(wenbus ) wnyeound wnipiydig
(0N 8 [93Yd1d) winjjeoews wnipiydjg
(AubrquQ,p) wnsoueib wnipiydig
(e3s0D) susrdpep wnipiydjpoqr)
+ds eluowwy

uewysn) epiday ejuowiwly

(Aub1qu,p) eueiuosupiied eluowiwuy

JaRe|\ g eULIPBYDSIS BaMmoseled ejuowily

19YJ0H epoedwos eluowily

*ds ginjeqo7

(qooer pue JaMeMm) ein1eqoT einjeqo
*ds eurydiowifjod

“ds eunnoojiiy,

‘AR T ‘ ZoAe) o7 edijelipe eulnioji]
“ds 0buAd

(113seAnS) ruoswelim obifq
(Aubrquo.p) eyeusour obIA4
(AubrquQ,p) erEbUOIE ODIAH
(1ebJsquuniyos) erewoue ejewoue obiA4
+ds euinoojanouingy

(puun) ginunwes eurnooanbuingy

(wenbusy) euinbue ‘3o euynoopnbuingy
puniBoHR0q eLEeNIXa ]

(Aub1quQ,p) sueunpnibbe eaieinixs,

(pueprey
2 USJ|\y-UOJSH) eueiunJ elig[essowuly

(wo-yadep) Jaquinu 810)

o
N
N

230
240

D. ONGAN ET AL.

BF1

10
20
30
40

10
12

10
12

50
60

70

80

90

100

110

120

21

20

130
140

150

160

170
180

190

269



270

BENTHIC ASSEMBLAGES OF THE BLACK SEA SHELF

sebejquiassy Jlyjusg

1(d9.L) eiajiuIIRIOS JIyIUSY [€10L

“ds wnipiydjz

(wenbusl) wnjyeound wnipiydig
(o %8 193YdLd) winjeoew wnipiydjg
(AubrquQ,p) wnsoueib wnipiydig
(e3s0)) susrdpep wnipiydjeoiqri)
+ds eluowwy

uewiysn) epida} ejuowillyy

(AubrquQ,p) eueluosupiied eluowiuy

JaRe|\ g eULIPBYDSIS Bamoseled ejuowily

19YJ0H epoedwos eluowily

*ds ginjeqo7

(qooer pue Jssiep) einzeqoy einieqo
-ds eurydiowfjoq

“ds eurnoojii,

'A% I ‘ ZOA[e) o7 edljelipe eulnoojl,
-ds obuA4

(113saniS) ruoswerim obifd
(AubrquQ.p) eyeusour obIA4
(AubrquQ,p) erEbUOIE OOIAH
(1ebJsquuniyos) erewoue ejewioue obiA4
*ds euinoojanouingy

(uur) ginuiwes eunoojanbuindy

(wenbusy) euinbue *yo euynoopnbuingy
puniBoHp0q ELENIxe

(Aub1quQ,p) sueurnibbe eireinixs

(puepeg
3 UD|[/-UOJSH) eueiunJ elie[edsouwiwly

(wo-yzdap) Jequinu a10)

o
o
N

BF1

© N © > mb> © o

N N M N N

O - N ¥ I >



D. ONGAN ET AL.

sebe|quuiassy dlyjuag E
1(d9.L) eJajiuiweIo J1yUSg [RI0 Noonn NS NN N © N Qv N ®m QN -
“ds wniprydjg
(wanbus ) wnyeound wnipiydig
(110N 8 193UdL) winjfeoew wnipiydjg
(AubrquQ,p) wnsoueb wnipiydig
(e3s0D) susrdpep wnipiydieoqrL)
-ds eluowiity  —
UBWYSNY gpida] BIUOWIWY 1 o — - N I n — o — —
(AubB1qJ0,p) eueluOsUBiIEd BIUOWIWY
Jake\ 8 euULIPBYIS)S BoMmose.led ejuowily & =
I9YJoH epoedwod eluowiwry = O S, N B _ N MmO
*ds ginjeqo
(qooer pue Javen) einzeqo7 einieqoy
-ds euryduowAjod
“ds eurnoojiiy,
AR I ‘ ZOAe) &7 edlpelIpe eulnoojl],
‘ds obufg
(3sanNIS) ruoswelim obifq
(Aubrqio.p) eyeutour obiA4
(Aub1quQ,p) erebUOl0 0OIAH
(1ebJequuniyos) erewoue ejewoue obiA4
*ds euinooanouingy
(suur) ginuwes euinoojanbuingy _ _
(wenbusy) euinbue *3o euynoojnbuingy
pun|boHp/0q ELIEINIXE ],
(Aub1quQ,p) sueunnibbe euenixs
(pueprez
'3 US|-UOJSH) eueiunJ eliejeasowily
(wndop) qunuai) $ 8 2 S S B I BEBLES 32 RRNCS8SR8

271



BENTHIC ASSEMBLAGES OF THE BLACK SEA SHELF

sebe|jquiassy diyjuag

1(d9.L) esajiuIIRIO] JIYIUSY [10]

“ds wnipiydjg

(wenbus ) wnieound wnipiydig
(oW %8 193yod1d) winjeoew wnipiydjg
(Aub1gquQ,p) wnsoueub wnipiydig
(e3s00) susidivap wnipiydfa01qLi)
*ds eluowwy

uewysn) epida} ejuowiwly

(Aub1quQ,p) eueluosupiied ejuowiuiy

Jafel 8 eulpayds]s eamoseled euowiy

I9YJOH egoedwod eluowily

‘ds ginjeqo7

(qooer pue Jssiem) einzeqo] einjeqo
-ds euryduowifjo4

“ds euynoojiiy,

AR [ ‘ ZOAR) 97 edljelIpe eulnoojli ]
-ds 0644

(L3seanIS) ruoswielim obuA4
(Aub1quQ,p) ezeusour obifd
(Aub1quQ,p) ezebuoie obif4
(1ebIsquun|yos) erewoue ejewoue obiA4
*ds eunoojanouingy

(uur) ginuiwes euinoojanbuindy

(wenbus ) eunbue 3o euynoojenbuingy
puniBoHP0q elieinixs

(Aub1quQ,p) sueunnibbe etreinixs

(puepreg
3 UD||/-UOJSH) eueiunJ eliejedsowwly

(wo-yzdap) Jequinu a10)

272

14

80
105

12
80

o
&~

105
24

26
151

146
33

33

N - O O m ©
) S — mm @
N O © ®
Sh~—FaoacYnNooog
=
-
9] ~—
- 0 — 0 © n
n — m % N
© T - 9O % =
O N O Mm
H R VABIITm e © o qn
-
0O Q0900909000 Qo
AT HMOE®®O =N & T
— - — = = — — N N N N N

219

216

246
13

284

27 21

231

10

BF1

195
289

15
12

17
22

156
252

20
30

1225

26 30

9

1160

40



D. ONGAN ET AL.

BF2

sebe|jquiassy diyjuag

1(49.L) esajuILRIOS IyIUSY [e10]

454
507
166
425
580
165
167
101
173
483
155
144
127
107
186
207
347
432
23
11
1
1

“ds wnipiydjz

(wenbus ) wnieound wnipiydig
(O '8 193UdYd) winjjesew WNPIYA|F o = = =

(Aub1quQ,p) wnsouetb wnipiydig

(e3s00) susidivap wnipiyda01qLi)

+ds eluowwy

16
26
15
21
12
7
6
9
14
18
1
13
8
10
7
19
17
25
2

uewysn) epida} ejuowiwly

19
8
1
5

18
8
5

13
4
4
1
2
2
1
1
1
2
4
1

(Aub1quQ,p) eueluosupiied eluowiuuy

Jafel 8 eulpayds]s eamoseled euowiy

3
1
1
1
1
1
1
2
1
2
2
2
2
5
4

I9YJOH epoedwod ejuowily

414
471
150
397
549
148
155
74
155
460
141
128
115
96
176
186
328
403
12
6
1
1

‘ds ginjeqo7

(qooer pue Jss[em) e/nzeqoT einjeqo

-ds euryduowifjoq

*ds eulnoojiiy,

AR I ‘ ZOA[R) 97 BdljelIpe eulnoojl
‘ds obuify =

(L3senIS) ruoswielim obuA4

(Aub1quQ,p) ezeusour obifd

(Aub1quQ,p) ezebuoie obif4

(1ebIequun|yos) erewoue ejewoue obiA4

*ds euinooanouingy

(uur) ginunwes euinoojanbuindy

(wenbus ) eunbue 3o euynoojenbuingy
puniBoHP0q elienixs

(Aub1quQ,p) sueunnibbe eureinixs

(puepreg
3 UD||/-UOJSH) eueiunJ elig[edsowwly

(wo-yadep) Jequnuaio) R S L 8 |

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
14
10
20
30

273



274

BENTHIC ASSEMBLAGES OF THE BLACK SEA SHELF

sebe|quuassy dlyjuag

I(d8L) eJOJUILIIO] JURURE [BIOL o o °

“ds wniprydjz

(wenbus ) wnieyound wnipiydig
(110N %8 193UdL) winjfeoew wniprydig
(AubiquQ,p) wnsoueib wnipiydqg

(e3s0p) susrdpap wnipiydjeo.qry

“ds eluowiwy oy =
uewysn) epidsay eluowilly _ = @ —
(Aub1gquQ,p) eueiuosupiied eluowiwuy
JoABIN 8 RULIPBYDS]S Bo/Moseled ejuowily
JomJoH epoedwiod ejuowiwuy =

< N NN

-ds ginzeqo7

(qoder pue JayieM) einzeqo7 enzeqoy
-ds eurydiowAjoqd

*ds euinooji,

'A% [ ‘ ZoAeD o7 edipelipe eulniojiL]
‘ds 0b.uA4

(L13saANIS) Juoswelim obifq
(Aubrquo.p) ezeutour obiAd
(AubiquQ,p) erebUOj0 OOIAH
(1ob1oquuniyos) eewoure ejewioue 0bIA4
-ds eurnooranouingy

(puur) ginurwes eujnoofanbuingy

(wenbuay) euinbue 1o eunnoopnbuingy
pun|BoHpO0q eLEnIxe

(AubquQ,p) sueunnibbe eieinixs,,

(puepes

3 UB|[y-UOJSH) BUBIUNI BlIE[eIsowLlY
. 0000 Q0 Q00 QO Q99
(wo-ppdep)requnuairy L I I RS S S 2RI I LI 3

170
180
190
200
210
220
230
243
15

- — - - g N © - N

67
31

32
56

52

10
10



D. ONGAN ET AL.

sabejquiassy J1yyuag

I(46.L) eJajiuILIRIO] JIYIUSY [EIOL

“ds wniprydjz

(wenbus) wnieround wnipiydig
(0N 8 193UdY) winjjaoew wniprydjq
(Aubrqu.p) wnsoueib wniprydig
(e3s0)) suardiep wnipiydjeo.qiiy
“ds eluowiwuy

uewysn) epiday eruowiwry
(Aub1quQ,p) eueruosupiied eluowiuy

Jake|\ 8 eULIPBYIS]S eaioseled ejuowiwy

JoMJoH eoedwod eluowily

‘ds ginjeqo

(qooer pue Jayep) einieqoT einieqoy
+ds eurydiowAjoq

+ds eunnoojiiy,

‘AR T ‘ ZoAeD o7 eoleLIpe eulniojii]
*ds 0b.uA4

(L13saAIS) 1uoswelim obifd
(Aubrquo,p) ezeutour obif4
(AubrquQ.p) erebuoie obif4
(1ob1aquuiniyas) erewoue ejewoue 0bIA4
-ds euynoojanouingy

(puur) ginuiwes eugnoofanbuindy

(wenbuay) euinbue 3o euinoonbuindy
pun|BoHpO0q elieinIXa ]

(AubrquQ,p) sueunnibbe etieinixs

(pueteg
3 US[[\y-UOJSH) eueiunJ elieg[eisowiwy

(wo-yadap) Jaquinu a10)

(o]
N

36

o
m

BF2

— ~— M M

o
<t

o
m

o
©O

o
&~

<
o~

275



276

BENTHIC ASSEMBLAGES OF THE BLACK SEA SHELF

sobejquiassy d1yjuag

(49.L) esapuweIog d1yjUSY [eI0L

‘dds wniprydjg
(o %8 193YdLd) winjeoew wnipiydjg
‘dds eluowwy

uewysn) epida} ejuowiwly
Jake\ 8 euLIPays1S eomoseled ejuowiuiy

19YJOH epoedwod eluowily

AKub1quQ,p sisusue.iazipawl eulngioue|q
‘dds gjnzeqo7

(qooer 13 Jsvlep) g/nzeqo7 enieqoy
(luiseudoy) euedpe.q elisuinajep

I9YJOH eoue.iepew eulisbinf

-ds euryduowfjo4

("A %8 °I *ZeAjeD o1) eoizelIpe eulnoojIL,
-ds 0644

(AubrquQ,p) ereUIOUl ODIAH
(AubrquQ,p)ezebuore obifg
(JebBiaquun|yos) erewoue obiAd
(Aub1gquQ.p) pUNIOJ BUINJO[LII0PNBSH
+dds eunnoojanouingy

(uur) ginunwes euinoojanbuindy
(AubiquQ,p) euenjosewrel 3o euinoojpnbuingy
AKub1qJQ,p ezebinee] euinoojanbuindy

(wenbusy) euinbue *3o eunnoojpnbuingy

(AubrquQ,p) euelsizenb euljissepyy

-ds eursojapy

(‘A8 T ‘ZaA|e) 917) SIsusue.lis)liepall BUISO[OPY
(Aub1quQ,p) sueurnibbe elenixs

(pueleq g Us|y-UOJSH) eueIUNI ELIE[eISOLILY,

315 14 2359

39 21

1317 28
1018
1179

2

8
3
5

60

470

15

29
Bil

m

(wo - yadep) gasoy @ 2

17 23 19 846 32 2903
24 124
21

20

26
23

832 42

2

11

15
20
25
30
35
40
45
50

1857

12

11

3
4
2

357 65

12

BF1b

7 1321
14 1252

22
28

15

905
835
738
792
776

10

277 25
261

4

23

23

31

3 925
2 983
932
1611

6
7

8

25
42
40

6
2

39

11
12 50
22
3 44

4

47

25

2

35

12

8
55 32

104 21
53

il
543

2
3
4
13

757 159
621
572
375

11

56

1

BF2

1244
1042
430

286

21

128
150

55

12

194

44

60

11

65



D. ONGAN ET AL.

sabejquiassy dlyjuag

(49.L) eJojuwIRIO]
dy3uag [e3ol,

ds wnipydiz

(IO 8 183UdL) winyeoew wnipiydjg
uewysn epiday ejuowiy

18RRI\ '8 RULIPaYS)S eoMose.ed eluowuly
I9MJOH epoeduwiod ejuowily

Kub1quQ,p sIsusue.iaypaw eulngioueld
“ds euresoy

(uewysn)) sisusplioyy eulesoy

(qooer g Javilep) eineqoT eineqo]

“ds euiquojewiols

+ds eunnoojiiy,

*A OA °[ ‘ZOA[RD 97 B213ELIPE BUINIOJII],
(Aub1qJo.p) ereutour obifyg

(AubiqJ.p) erebuoje obifq

(nBeyuoN) epunzo.qns ejpuljoliN
(AuBiqu0,p) esoiqey 3> ejjaulonin
(wenbua ) eumnbue *yo eulnoojenbuingy
(uur) einurwses eulnaojenbuingy
AubiquQ,p ezequuy euinooanbuingy
Kub1quQ.p ezebineel euinoojenbuingy
AubiquQ.p euenorayyiaq euiniopnbuindy
(19b18quInyyYds) souszssuue eurniojenbuingy
+dds euisojapy

(uoswenny suebasje euisojopy

-ds eueinyxa

wozlz) ejed elenixa

AubiquQ,p sueunpnibbe eleinixs
(Aub1qJ,p) ginaz1bes eunwiweideidosids
(uewysn)) snuenpe sepiojjesebbq

(wd-yadap) SaM 310D

194

71

20

80
22

10

BF1

157
104
163
137
172

89
46
69
75
93

17
1
10
8

11

38
63
31
53

143
266

65

10

12
29

38
80

2

277



278

BENTHIC ASSEMBLAGES OF THE BLACK SEA SHELF

(nbeyuoN) BPUNOIQNS ElfBUIOHIN

(kubiqu0.p) ES0Iqey o ejfauloin

(AuBiqJo,p) ezezenp ejsulolin

-ds eurnoofenouingy

Kub1quQ.p suebjna euinoojenbuingy

‘A8 [ ‘ZoA[e) 7 SIsusuUaIA *§d eujnaojanbuingy

Kub1quQ,p euerisbun 3o euinoojenbuingy

(uur) ginurwses euinooranbuingy

KubiqJo,p ezequuiy euinoojenbuingy

(wenbus) ez eunnoojenbuingy

Kub1quQ,p eueniosewe| euinaofnbuindy

Kub1quQ,p erebinee euinoojenbuingy

(1abI1equUINyyDS) suszosuue eulnoojenbuinly

(wenbuay) eumbue 3o eulnoornbuingy

“ds ejpueyyse

(gooer g Jav[e\) SIuL02Iq ejjpuelyoeT

Kub1quQ,p essaudap euinoojolids

+dds euisojepy

-ds euisojapy

(puelied R Us|\y-UOJSY) SISUBJEIJD BUISO[SPY

+dds ereinixe,

‘ds eLeinixs,

Kub1qJQ.p B21u0d elieinixs ],

IMII[eT BA[BD BLIBINIXS ],

pun|BoH B/o0q eleinixs

Aub1quQ.p sueunnibbe elenixs

(113seAN1S) mybum eurwuwelds|doids

Bueyp eoruemie;s 3o eunuwelds|dosids

(AubrquQ.p) ginyaibes eunwuweldsidoids

(wo-yadap) Lam 8109

8
23
17
10
19

5

—MmnMm< < o
=

o N — o
~— —
— —
=
o
——
— — —
o
—
——
—
——— —
=
o
NN



D. ONGAN ET AL.

sabejquuassy dlyyuag

(49.L) eJoyiuiweIO]
dlyjuag [e3o],

(0N *8 [91UK) Wwinjfeoeww wnipiydig

uewysn) epiday eluowy

(AubiquQ,p) eueiuosupiied eluowiwy

Jahe|\ 8 eULIPBYS]S eomose.led ejuowiwly

JoMJoH epoedwod eluowily

(puur) nuesoeq eluowwy

+ds eremezuey

*ds ginjeqo

(qooer 18 Jevi[ep) einzeqoT einjeqot

‘ds euiesoy

Uewiysn) sisuspLIoy eulesoy

uewysn) Mpe.q euiesoy

-ds eurquojewoys

(uoswieli\n) snyesewesuod sepiuodg

+ds eurydiowisjod

(1101IN) Mpesq euriied

+ds eurnoojiiy,

‘AT ‘ZOAR) o7 BIIIELIPE BUINIO[LI]

ds obufg

(AubiquQ.p) ezeusour obifyg

(Jebiequun|yos) grewoue obif4

(AubiquQ,p) eebucie obif4

(wo-yadap ‘panunpuod) Lgm 21o)

BF1b

55
74
214
177
64
183

36
a7

135
120
35
98

14

229
360 BF2

343

29
38
26

114
185
235

18

10

100

279



BENTHIC ASSEMBLAGES OF THE BLACK SEA SHELF

Appendix 2a

Pelecypoda data of the studied cores from the SW Black Sea shelf.
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Appendix 2b

Gastropoda data of the studied cores from the SW Black Sea shelf.
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