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ABSTRACT z Mediterranean sapropels are relics of the anaxic conditiow that

rleliterowly affected the marine fauna. Following the last sapropel event, 51,

recolonization conrmenced, with a reintroduction of marine species fi'om the Atlantic

Ocean. By comparing modern benthic foraminiferal populations, it appears lhat the

western Mediteruanean has achieved a greater degree of equ.ilibritun with the Atlantic

sow'cethan has the eastern Meditemanean. Mot'eover, in the edslernMediten'anean,

the south coast of the Levant Basin has attained a greater degree ofrecovery, as it is

closer in line with the long shore current to the inlet source, than has the northernpart

of the eastern Mediterranean. The d,ispersion recovet! nwdel for the Mediterranean

following the last ecolog[c cnsls ls in agreement vvith the recovery model proposedfor the

Black sea. 
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Metliterralean as well as the Bosphorous. To date the preliminary studies of Parker

(eastern Mediterranean and Aegean Sea, 1958), MoncharmontZei (Lebanon's shelf,

1968), Abdou et al. (continental shelf off the Nile Delta, 1991) and Merig and Sakrng

(Bosphorous, 1990) remain the most detailed references. Detailed environmental and

taxonomic investigations of the western Meditenanean foraminifera have been

carried out by many authors. The most comprehertsive modern information is forurd in

the research of Blalch-Vemet (1969), Daniels (1970), Cimermau (1984), Jorissen

(1987, 1988); Langer (1939) and Cimerman and Langer (1991).

For a period of 20 years prior to this work, extensive background studies on

present and Quaternary benthic toraminifa (taxonomy, morphology, density,

diversity, etc.) had been carried out by the senior author in the Black sea (Yanko,1979,

1982,1989 , 1990, 1991; Yanko & Troitskaja, 1987). The envirorlments tlrat were

studied here included deltas, open and closed lagoons, bays. and shelf extending

from 0-220 m. The bottom water salinity ranged from l-26Tco.

In the Black Sea living benthic foraminifera are distributed to a maximum water depth

of 220 m. Foraminifera are not found beyond this depth, in contrast to the

Mediterranean, due to the continuous presence of HzS in the water.

3. SAMPLING AREA DESCRIPTION
With the exception of the Black Sea and the Israeli coast, the other comparative data

has been taken from the literature. Therefore, no further description will be given here

for these sites (Fig.1 A,B).
Israel's Mediterranean coast (Fig. lA). Foraminifera were collected from four

sites, at adepthinterval of 6-50m. Site I (6 stations) is situated off Hadera (24 mwater

depth). Site 2 (2 stations) was taken at the entrance to Haifa Harbour (6-12 m water

depth). Site 3 (4 stations) is located off the beach of Nitzanim (20 to 50 m water

depth). Site 4 (6 stations) is situated off Palmachim (20-50 m water depth). Salittity at

all of the sites was constant, averaging 39Voo. Salinity of the western Mediterranean

varies between 37.8%oo and3S.l%oo (Tynhenian Sea),38.5-38.87oo (Adriatic Sea)- The

salinity of the Bosphorous is 357oo.

The Black Sea. Surface material was collected by grab and box-cores from selected

areas (Fig. 1B). The north-western shelf is represented by 350 stations (3-70 m water

depth, salinity ll-18.6%oo). 134 stations were taken along the western shelf (8-70 m

water depth, salinity 17- 19.67oo), 10 stations were taken at sites located in the vicinity

of the area near to the Bosphorous (100-120 m water depth, salinity 26.29ao).

Despite the greater depth here, we decided to include these stations for comparison. This

site demonstrates the primary influence of salinity on the benthic foraminiferal

distribution. Shallower depths are within Turkish territorial waters and could not be

sampled at that time. 
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1. INTRODUCTION
After the Last Glaciation, a drastic oceanographic change affected both the

Mediterranean and Black Sea. The Black Sea received increased discharge from by the

major rivers that drain central Europe. This significantly lowered the salinity and

destroyed its meromictic structure. This lowering of salinity resulted in a major

ecological crisis for many marine organisms (e.g. ostracods, molluscs'

foraminifers). For example, a near total extinction took place of the Black Sea's

shallorv belthic foramilifera (Yanko, 1989, 1991). Likewise, the Mediterranean Sea

was affected by the sea level changes and the increased fresh water in flow- A
meromictic state was created. Circulation was impeded. Low salinity surface water

prevented the reoxygenation of the deep water which became anoxic (Olausson,

1961). This state is strikingly denoted by the creation of sapropels. The sapropels are

found almost exclusively in the eastern Mediterranean, though, some evidence exists for

periods of reducing conditions in 0re deep westem Meditenanean as well. The periods

of Mediterraleal stagnation were also periods of ecological stress; though, the

extent of crisis is less well known and perhaps less severe than that which transpired in

the Black Sea. Here too are recorded changes in the benthic foraminiferal populations.

Changes in faunal assemblages occurred for deep water benthic foraminifera in

response to oscillating oxic-anoxic-oxic conditions. It was noted though that the

recovery was relatively slow. The eastern Mediterranean, as reflected in the deep

water benthic foraminifera, has not, even today, recovered from the last stagnation

(sapropel event, St) of about 8000 yeals ago (Mullineaux & Lohmann, 1981)'

Relatively little data is available for modern shallow (<60 m) benthic foraminifera from

the Mediterranean as a whole. Less is known about earlier benthic foraminiferal

populations (such as during formation the periods of sapropel formation).

The present work presents a sufirmary of the published data as well as more recent

data in an attempt to synthesize a model for understanding the present distributions

of shallow benthic foraririniferal populations both in the Meditenallean and Black

Seai. The study intends as a fust step to consider some basic questions of today's

Levant benthic foraminiferal disribution. A comparative distribution study with the rest

of the Mediterranean, coupled wi& an understanding of the oceanographic processes that

led to ecologic s6esses at the beginning of the Holocene, may provide insight into the

migration pathways into the eastern Mediterranean and Black Sea by benthic

foraminifera-

2. PREVIOUS STUDIES
With theexceptionof ashortpaperby Reissetal.,(1961)andYanko et al., (1992)

no information is available on benthic foraminifera of the Israeli offshore.

Also there is only limited information concerning benthic foraminiferaoftheeastern
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Tlie data base taken from the literarure is restricted to shallow benthic foraminifera
(approximately 50 m water depth) (a species that were found to exist both at water
depths shallower and deeper were also included).

4. MATERIALS AND METHODS
Samples from the eastern Mediterranean (71 samples) wereobtainedbygraband

box core during the summer months of 1986-1991 by workers of National
Oceanographic Institute (Haifa) N.Kress and H.Hornung; from the Black Sea

(474 samples) by the senior author during l97L-1986.
Benthic foraminifera were studied by standard methods (Feyling-Hanssen,

1983; Yanko & Troitskaja, 1987). The Rose Bengal dye (Walton, 1952) was used to
distinguish between dead and living specimens at all stations in the Black Sea. The

Israeli study was mainly based upon surface cores collected a few years previously,

which did not contain living muerial. 5 g dry samples (Israel's eastern Mediterranean)

and 100 g (the Black Sea) were used. Ail numerical characteristics of foraminifera are

nonnalized to a 5 g mass of sediment. When possible 300 specimens of foraminit'era

from the >0.125 mm fraction were counted for each sample. Statistical analysis of 30

specimens of each investigated species was carried out to estimate the variation of
foraminiferal test sizes. [n certain cases when the number of specimens was less than

300 (for example, at the sites I and 4 in the Israel's offshore), the number of each

species specimens was normalized to 300.

5. RESULTS
A location map is presented inFig.l from which the major areas and sampling sites

for the Mediterranean and Black Sea are presented. Included on this map are the major
flow directions of the currents in the basins (included in this in the SW-NW surface

current direction at the entrance to the Adriatic Sea). The salinity of the Mediterranean

varies from west to east (37Vao) to (39Voo')which is slightly higher than the Atlantic water
(35%oo). Four sites were sampled in the Black Sea. The salinity into the Black Sea

decreased from the Bosphorous northeastwards.

The results of the population distribution, at the family and the species level, of the

shallow water (0-60 m) benthic foraminifera from the western Mediterranean, eastern

Mediterranean, Bosphorous, Aegean Sea and Black Sea is represented on Fig.2. If can

be seen that in all cases, trvo families Hauerinidae and Elphidiidae dominate. The

eastern Mediterranean is represented bydistinctly fewer species than the westem. The
westem basin is most similar (57 families and 285 species ) to the Atlantic Ocean

assemblages (61 familiesandat least300 species) (Michalevich, L982). The Atlantic
Ocean is the only possible source for the foraminiferal reentraflce into the
Mediterranean. Within the eastern Mediterranean the Israeli coast is richer than the
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benthic assemblage of the Aegean, which is similar to that of the Bosphorous

assemblage. The Bosphorous assemblage, which was taken from core data, did not

entail a living assemblage. It must be considered to approximate a minimal value of

tfie present day assemblage. This (the Bosphorous) assemblage is richer than that for the

Black Sea which shows a geographical population distribution in relation to the

Bosphorous inlet (which itself is the sole source for recolonized of the Black Sea by

marine fauna). Further along the coast, away from the Bosphorous. the salinity

decreases zurd the benthic tbraminiferal populatious become poorer in diversity.

The diversity of the foraminiferal species as a function o[ geography can be best

visualized in Figs. 2, 3. These figures present the number of species of shallow

water benthic forarninit'era that have been found in the various geographic regiorts .The

species diversity is seen to follow a geographical trend.

6. DISCUSSION
The distribution of benthic foraminifera can be influeuced by a variety of factors

such as temperature, salinity, pollution and oxygen supply of the water, as well its the

type of substrate that they colonize. Variations of course do exist along the shelf of

the Mediterranean. However. each of the regions discussed in the Mediterranean, are

in eftect, a compilation of many individual sampling sites representing many

ecological habitats: Still the differences between the western and eastern portiolis of the

sea, as well as the differences along the shelves of the eastem basin itself are so great as

to make suspect these factors as being the sole or even the primary reason for the

magnitude of the diversity difference between inter and infra-basinal assemblages.

Rather, another process appea$ to be of greater importance.

A geographic versus population diversity trend is observed in both the Mediterranean

and Black Sea. These are two distinctly different ocealrologic bodies of different

chemistry and environments; yet, the population distribution within both of these seas

may in a sense be regarded as related to a similar process. T'his process is the. as yet,

incomplete population recovery following the ecological crisis that affected (in different

degrees) the two water bodies. Both water bodies now appear to be undergoing a

marine recolonization. The Black Sea being much less marine in character still serves

as a barrier against the less hardly and less adaptive of marine organisms. The more

adaptive are represented the Hauerinidae and Elphidiidae families. These have penetrated

furthest into the Black Sea from their source of introduction (the relatively shallow

Bosphorous (96 m)). Closest to the Bosphorous with its near marine conditions is

found the assemblage most similar to that of the eastern Mediterranean (e.g.Aegean). As

the marine conditions give way to fresher water conditions fewer benthic foraminiferal

forms are able to penetrate at present. The Black Sea is still far from attaining a benthic

foramfurifera population that is in equilibrium with the eastent Mediterranean's. Within

274



No spgcies
l
I

o3
a

, 6a.

t

I

Lituolida€

Sdccilinidae
llemi sDhaerami ni dae

liippocrepini6.!
Rrrhati ni d.e
ltomosinidde

llaploghr.smoi di dde
0iicimjnidne

Spi roplectami ni dae

Eqqerel I i
fextulari idae

Pseudogiud.yi n i
Soi.ilinidap
Pn!ellini

t{ouri i dia

Cornuspi ri dae

fi sheri ni dre

Spi rolocul i
llaueri ni dae

Pene.or) idae
Sori tidde

flodosrri
V.giniltnidae

Iageni
Polynorgh i ni da€

illirsolag€nida!
[oi i tmi n

flar t i 9erl

llubecul ari
ophtn. lni di

Carsidulini
Turrl I i ni

Solirinidae
80l i vi ni iidae

8ul lfrt

Furrealoini dae
[poni d idr(

0irco.bid.e
no5.l iIid.e

Clabrrtellidae
Heronalleniidee

Uvigeri n i
[e!asel i

Sipho^i ni d.e
Ptrr€l loidida*

I.ichohr.lidn(

[]ohidiidae

Caucas I n

8d99in

Cdnd) i f€r

Pl in!l i noid i d.e
0i scorbi nel I

Cib i ci di dic
Pl.norbuliniddc
Cytoh.lopor.i dae

Aceryu I i ni
flqrciasat

Aiteri !eri fld1 I d

ilon i o6i

ii lhoge.eri noi d

Pleuro!tomel I i

275



f+
?r
fr
Ir
?r

I
t+

ztf
ot{

-tl
^rt((t| (
trrI
(9t r
-t
Et+ti-

t

'l
+,i
n.$
c''1.

llaqs u,.alse^ quoN

llaq$ uralsa6

earV snororldsog reai{

snoJoqclsog

eag uea6alr

seas clle!rPV
? uelueq ttAa

(sa^lotfS lec!do.l11
uBaco c!luel lv

ooordo ooooQooINOOAIN

-;
o_

!

=€
a

O*
Oc
o.-

CO

LQ
odqo

o
o

cr,

.T
o

3
r0

&tl
Io
i.io

L

o

!
E

o

a

CE
O.-

oa

.-c
EO

OE
.-c
C'-
ea
Ldo3

E
QC

c,
4!

o.o
tP
AL
EO
f.F

=E

o

o

oq
oc.

o+
q!
90
LE

G
o
o
.tr
G
o
E
o
L
L
o
.F

t
o

@

oo

lue^e'I

sall!uiel?salcads o1Y

n6



tlte-Meditcrrattean as a whole, the temperature and salinity gradients are less
significant. ccrtainly compered to the gradients within the Black Sea, in regards to
restr ictirtg the benthic foraminif'eral dispersion. Within the Mediterranean Sea, lhe
sca tloor is mar*cd by deep basins that serve as geographical barriers against the rapid
tbramirtifera distributi<ln of the shallow water foraminifera. The benthic foraminifera are
able to best disperse, upon their arrive from the Atlantic Ocean (Straits of Gibraltar) by
migrating along the shallow continious shelf. The well established long shore currents
within the basin may help to determine rates of migration; for, it should be easier to
migrate with, rather than against, such fixed and relatively strong currents (Fig.l). It
may be that the greater diversity in the western Mediterranean ocean and its close
similarity to the Atlantic assemblage, is a result of the dispersion - process attaining
a greater degree of equilibrium with the Atlantic input source due to their closer
proximity. Within the eastern Mediterranean, the difference between the eastern
Mediterranean assemblage (as represented by the Israeli coast) and the western
assemblage as a whole, may be a result of the, as yet, incompleteness of the progress of
population ditfusion. A rapid dispersion, as the organisms migrated from the Atlantic
Ocean, was assisted by taking a route that is in line with the flow direction of the long
shore currents across the north African coast shelf. Likewise the oceanographic
pattern may explain the diversity between the Israeli coast and the Bosphorous and
Aegean regions. This flow pattern would place the Israeli coastline in closer proximity
to the Atlantic inlet source than the northem coast of the eastern Mediterranean (Frg.l).
Other factors may locally serve as barriers hinder or diversify the species distribution; but,
these should be subordinate effects.

7. CONCLUSIONS
The dishibution of shallow benthic foraminiferal populations within the Mediterranean

and Black Sea can be affected by a variety of local factors. However, the data presented

as representing the different Mediterranean locations, has, in effect integrated a wide
variety of local marine conditions. This thereby, takes into consideration much of
the differences between sites and minimizes the local marine environmental factors
between regions. A very large assemblage difference then still remains between the
western and eastern basins, as well as between the southern and northern shelves of the
eastern basin. This may be less a frmction of the variations in marine conditions, than the
degree to which a benthic population that has equilibrated with the total recolonizing
population undergoing dissemination from the Atlantic Ocean. It is seen (Fig.2) that
the population assemblages further from the source are comprised of a larger
percentage of adaptive "pioneer" taxa relative to the total population. The Black Sea by
comparison has not reattained marine conditions that existed previously during the
Pleistocene (Stage 5) (Yanko, 1991). However, the same "Pioneer" forms are dominant
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in this region. A greater percentage of the assemblage is dominated by the adaptive

forms away from the Bosphorous (marine) inlet. By analogy with the Black Sea, the

Mediterranean dispersion though being more advanced. probably has not as yet attained

its full extent of recovery silce the termination of the early Holocene ecological crisis

(approximately 8000 Years ago).
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