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ABSTRACT:

Some aspects concerning the benthic invertebra-
tes of the Black Sea are presented in the pa-
per. The origins of the fauna,than, the problem
of the newcomers (Rapana thomasiana, ¥ya arena-

ria and Rhithropanopeus herris: tridentatus) in

the Fontic basin, and the importance of the me-—

iobenthos are discussed.

The fact is well known Ghat the present Black Sea
presents a sea unigue in the world in its blonomic conditions

in some particular hydrological aspects.

e~
and

Its fortuous geological past, during which it radically
changed its shape,dimensions,connectlons with other seas,physico-
chemical characteristics, eand gqualities as habitat for living or-
ganisms,is one of the most agitated natural histories (whose per-
manent changes have brought about high dynamism in the ecologlcal

equilibrum). .

/¥ Lecture given in May 1574 at the Duke University Marine
Laboratory, Beaufort, N.C. and at the Wrightsville Ma-

rine Laboratory, Wilmington, NeCe, UsSahe
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An analysis of the Pontic fauna shows very varied ori-
gins, herltages from varied ecological Lypes of waters which fi-
lled the depression of +the Black Sea basin in the course of geo-
logical timeg At present we find in the Black Sea a veritable mo-
saic of forms, from those of the subarctic fo those very similar
to Indian Ocean forms, derived from the old and extensive Tethys
Sea,to more recently invaded fresh and brackish water species and
tediterranean forms. There should "be meéntioned species which in-
vaded by temporary communications established bebtween the various
basins, among which zust be considered the’ Bosphorus stralts way,
closed and opened for variable periods, at least &4 times at the
end of the Pertiary and open in our times. Through the Bosphorus
migrated the typlcally Mediterranean forms and as these. connec—
tions are the mest recent origin, the dominant character of the
Black Sez fauna is [lediterranean and not Sarmatic (from the Late
iilocene). '

{he immigration phenomenon has been a historlc process
01 long durgg:gn and conftinues to the present. The physical con-
ditions, however, produced 8 particular biological medium which
permitted only a very small number of restricted species, endowed
with special gualities and special resistence (and accommodation
méchanismg), %o tnvade and live in fthe waters of fthe Black Sea.

As agsinst 6,450 specles of benthic invertebrates of
the ilediterranean Ses (}; 5; 6; 20), only 1,790 species were re-
corded in the Black Sea: tiat‘is-§.6 times fewer.

The 1,730 species known in the RBlack Sea benthos can te
divided inbo uhree large categories: l. specles of marine origin:
1,503 ~ 84.2 %; 2. species autechfhonous,relict species of Ponto-
Casplan typei 98 - 55 %, and 3. aucochuhonous, brackish or fresh
water - euryhHaline species: 183 —~ 10¢3 %e

We shall refer briefly to these three categories:

1. 1In the catégor& of species of marine origin we con-
sider all the iummigrated fauna living even today in the Meditterre-
nean Sea or in the Atlantic, as well as the endemic ones of the
Black Sea, which evidently have descended from merine ancestors.
The differential immlgration of these species, however depended
on their osmotic plasticity, since entire series of organisms
could not even penetrate into the Black Sea (Planuloida,Triaxo-
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nida, Dendroceratida, Gnathostomulida, Echiurida, Leptostracs,
Stomatopoda, Euphausiacea, Cephalopoda,Brachiopoda,Entercpneusta,
Crinpidea).

The percentage of successful iLmmigrants variles very
much:over 50% for interstitial Ciliates, Nemertines,Gastrotricha,
Kinorhyncha, Rotaforia,fematoda, Copepoda,Tardigrada,Halacaridae,
efice; between 25 ~-.50 % for Hydroldea, Turbellaria, Polychaeta,
Oligochaeta; between lo - 25 % for Foraminifera, Anthozoa,Hirudi-
nea, Ostracoda, Cirripedia,Decapoda, Cumacea, .4nisopoda, Isopoda,
Amphlpoda, Pantopoda, Holothuroidea, Ophiuroidea, etc.

The average immigration index of Medliterranean species
in the Black Sea is about 23 %.

I would 1like to mention here the fact &hat not all
groups of organisms have been equally studied and not all marine
sectors could be investigated since about 1L/3 of the length of
the Black Sea shore and about half of the Eastern lediterranean
Sea are nearly unknown.Anyhow,macrofauna is somewhat better known

o~ As Tégards the relict species, we must specify that
the general term "Ponto - Casplan type" has been rather used con-
ventionally. The species of this faunistic complex do not have a
common origin in time, the length of their differentiastion belng
‘spread from the Tertiary to the present day. The term "Sarmaiic
specles” is as well not encugh comprehensive. Their common &rait
is the locallzation In space of ftheir genetic area, that is, the
maxinum extension on limits of the different evolutionary phases
of the present Ponto-Caspian basin, from the Pliocene to the his-
toric times. Another common trait is the preferrence of most of
these species %o the brackish waters of low salinity.

Out of the 329 aubochthonous metazoic species (146 crus-
taceous, 54 flshes, 39 turbellarians,?2 gasfropodes, 139 bivalves,
etc. ) ,the invertebrates met with in the Black Sea represent aboutb
30 %s But only 6 % of them live in the open sea (with salinities
above 17 - 18 %J. The rest inhabit the fresh water regions at the
river mouth or Iin the littoral coast, where 'théj contribute a
great deal to the productivity of these zones. Among the Caspian
forms, only fishes are more abundant in the Black Sea, while the
invertebrates are found in small numbers and play a negligible
role in biocenoses. Beyond the Ponto-Caspian basin, 21 specles of
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the "Casplan type" are known. Among these 9 are in the Baltic ba-
sin, & in the Arctic seas and 8 in the Medlterranean. Without any
doubt, these specles have penetrated from the Ponto-Caspian basing
many of theam recently, through the navlgé%lonal channels of river
systens, other euryhaiine species direct on thelir sea way (;;;;g;
13).

It is probable that the development of communication
ways will contribute to the spreading of many Casplan specles and
it may even be expected that in the following decades, the number
and spreading of these specles beyonﬁ'ﬂhe Ponto-Caspian basin will
be increased. It is possible that in estuary zones the Caspian
species could eventually prove themselves as food faor fishes after
acclimatization.

3. Indigenous, brackish or fresh water - euryhaline
species which live in the Black Sea, comprise limnlc elements of
continental origin, with mechanism of osmotic adaptation to o-
1izo- and mesohaline salinfity concentrations. Also, some brackish
water forms of +the northern or meridional origin, immigrated
through the kediterranean or by different transcontinental wWayse

#xcept for fhe specles of Ponto-Caspian origin and
limmic continental origin, the immigration of species of marine
origin in the Pontic basin, was and is still limited by a whole
series of ecological barriers: reduced salinity and different lo-
nic composition of the Black Sea waters, as well as different
thermic conditions in this sea as compared with those of the Me-
diterranean. Another limiting factor is the presence of hydrogen-—
sulphide in the bathial region of the Black Sea, which excludes
the possibility of the immigration of some deep-ses anlmals. The
lack of %ides in the Black Sea also operates as a barriex.

On the other hand,salinity variations in zones directly
influenced by fresh water influx (336 kmB/year) of tributary =ri-
vers of the Black Sea have led to s secondary selection of fmmk
grated fauna, particularly at the middle and infralittoral belt
level, thus still wore complicating the faunistic aspect of the
benthos. We give one single example. The shrimp Palemon elegans
RATHKE, a Medlterranean lmmigrant,has spread throughout the north-
western coast of the Black Sea, where the salinlity decreases con-
sidérably from the Bosphorus to the Danube mouths. It has develo-
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ped into several physicloglical races determined by the local sa=-
linity variations. The example offered by Palemon elezans is par-
ticularly suggestive and we suspect that most invertebrate spe -
cies present 1in the hyposaline medlum of the Danube and other ri
vers mouths form physiological races, each as a result of the se-
lection exerted by the severity of the physiological medium of
the Black Sea (%25 %Q). Taking into consideration the definition
of evolution as the r;sultant of the relationship between the re-
combination and mutatlon capacity of the genetic material and the
action of the selective Tactors of the external medium it can be
explained the formation in the Black Sea of some physiological
races,becoming subspecles or even species proper %o the Black Sea

Generally speaking and in the light of our present know-
ledge, we can state that about 1> % of the Hotal Quaternary and
Tost Quaternary metazoan fauna of the Kediterranean has penetrated
into the Black Sea.

I wish to reiterate that the enrichment phenomenon of
the Black Sea with new species from arnd through the liediterranean
is still continuing,while the problems of the function of theBos-
phorus in the colonization,in "the liediterranization” of the Pon-
tic basin is more and more discussed and studied.

Recent lnvestigations on the Black Sea fauna in the vi-
¢inity of the Bosphorus stralghts established an indisputable
fact, that a narrow sector, with a surface of several hundreds of
Sqekm,disposed in a semlcircle around the opening of the channsl,
presents unique pecullarifies,nof to be met elsewhere on the con-
tinental shelf of the Black Sea. The benthos of the zone (vihere
there are wore saline Lediterranean waters, brought by the deep
currert which enters into the Black Sea - 123 kma/year), is quite
unique. Thus, prebosphoric area js harbouring numerous specles
which are lacklng in the rest of the Black Sea. Soume of the spe-
cies from the prebosphoric circalittioral have high densities, un-~
recorded not only in the rest of the Black Sea, but nelther in
their seas of origin (3; 4; 5; 73 17). Here are several instan-
ces, the polychet Sternagﬁig sEut;ta-ZRANZANI) reaches frequently
600 specimens/mz; the small . raspberry couloured sea cucumber
Stereoderma kirschbersi (HELLER) forms populations with up to 400
individuals/m~; the amphipode Ampelisca surpasses the density of
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1,000 spectmens/m?, as against i%ts normal density of 3oo-400 spe-
cimens/m? on the rest of +the continental platform; the small
Ophiuroid Amphiura stepanovi DJAK.,which in the Rouanian littoral
has for instance only exceptionnally densitles of 500 individuak#
mz, nay attain there the figure of 2,500 individuals/m 3 the bi-
valve Modiolus adriaticus (TAM.) attains the figure of 50 spe-
cimens/m?; etce.

Even +the microbenthontes -~ .although less studied -
offer examples  of exceptional densities: of the Kinorhynchia
Pycnovhies communis ZELINCA - 14,000 individuals/m s, or among the
Tanaldaces species Pontotanalis borceal BACESCU - 2,250 indivi-
duals/ma.

Another characteristic feature of the prebosphoric con—
finental shelf i that the speclies composition and thelr densi-
ties recorded are not +the same for every statlon, but they are
spread in & very varied mosalc, the qualitative and quantitative
composition of the benthos changing radlcally from one point to
another, a% & distance of less than one mile. However, the o0zy
bottoms Geo nok present important qualitstive differentiation.

Another trait which differentistes the prebosphoric ben—
thes, is that of %he over 120 Mediterranean species common there,
only half of them are known in the rest of the Black Sea.

The fact s incontestable thst our daf%a on the pre-

vocphoric cenoses are still insufficient,but the contlnuous immi-
gration of new forms from the liediterranean,s process which takes
place before our eyes, has been emphasized in recent expeditions,
tncluding those of Romania. It is the case of the species:
Liarthasterias glacialis (O.F«%.), Ophlura texturata (LAM.), Ophi-
urs albida FORBES, Amphivhells sguamata (BeCHe ), Corbula zibba
{CLIVI) Cvclonassa brusinal (3IL. ), Phyline aperts (I.),darpinia
della~vallel CHEVR., Colomastix pusilla GRUBE, Ischjrocerus SDe;
Leptochelia mermellinae SiITH, Pontotarais borceal BiCESCU, Zla-
phognathia monedi BACESCU,Cyathura carinata (KRUYER), Drilonereis
filum CLAP., hudouinia fuliszera D.CH., folvdora caulleryi MESNIL,
Scrupocellariz and others, not %o spesk of the numercus foramini-
Teres and planktonic species recorded gquite recently.

The deep bosphoric current which, however weak, arrives
during flood periods of the peripontic rivers, always disperses

110




towards the Black Sea the meroplanktonic larvae of the specles ak
ready established in the prebosphoric space, increasing the local
populations and also bringing the larvae of other more stenobiotic
species.These develop in the Black Sea but cannot reproduce then-—
selves here for giving stable populatlons.

All the peculia:ities seen in distribution of animals
whick charscterize the biocenose in the prebosphoric area show &
vigorous fauna, still unaffected by intra- and interspecific com~
petition.The Eosphoric blocenosis is a "suls zeneris” biocenosis,
one huge reservoir of Nediterraneous elements, which waites no-
thing there but the favourable year or years to advance along the
Pontic . coasts and to conguer this sea. Therefore, as well as
PUSANOV (12), we consider +the prebosphoric sector as an fmportat
source of prepontic acclimatizstion and not a simple Medlterranem
enclave destined to destruction and which is maintained only by
cont innal recruitmenu of larvae from the larmsra, as CASFERS (2)
considerse N

Taking into consideration the historic factors and ha-
ving in view that fhe last penetration of the mediuerranean warm-
salty waters into fthe Black 3Zea began merely 5,000 years ago and
is still continuing through an unimportant dimensioned strait,
then we are bound to adwit that the process of "Med tterranization”
has not come %o an end yet (Black Sea salinity seems to be in a
slight increase - +0.19 %0 in the last 4o years in the Soviet -
Sebastopol littoral and +0.26 %0 In the last 20 years in the Ro-
manian~Constante littoral - a fact which will favour the success-
ful invasion of the Pontic basin by new warine and more stenoha-
line species)s

Not all Mediterranean species potentially capable of na-
turelizing the Black Sea have done sojhere there is still a great
nogber of vacant ecological niches, here there is a surplus of
primery trophic basis, here there are varied substrates, here are
very few or no predators, all representing “open gates" for a
great number of new species. ' )

That this is so is shown by lightening spread throughout
the Black Sea of certain species which have ftaken only” ?6'2”36
years to establish themselves. Some, such as Rhithropanopeus and
liya, have had a positive role; others - Rapana (destroyer of mo-
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1lusecs with commerctal value) and Mercierella (component of the
ship touling) have had a negative role (2; 8; )

Rapana thomasisna CROSSE,a rap;giaus’gasﬁropod of Indo-
Pacific origin, was recorded in the Black Sea on the coast of the
Caucasus in 1947, but it is supposed to have penetrated into the
Pontic basin in the period 1930-1940. The complete absence of na~
tural enemies in its new medium, the lack of .bioclogical compe-
tition on the part of other species and the rich trophlc basis,
permitted 1t a rapid development, so that Rapana established it-
self ideally on the infralittoral rocky bottoms. In a period of
about 15 years Rapana occupled a littoral band of over 1,500 uma-
rine miles in length. The rapld advance of this specles from the
Caucasian coasts, Ssowards the Crimean coasts, then &towards the
Romanian and Bulgarian ones, may be accounted for, in the firsy
place as an invasion éictated by trophic necessities - the search

for a nutritional basis.

Rapana, which feeds mainly on oysters and mussels, have
completely destroyed, in a relatively short timey the stock of
these molluscs of.the Gudantsk bank, radically changing Iin this
way the faunistic composition of the blocenosis. Destroying the
large specles (Ostrea edule taurica SIEMASCHKO, Mytilus gallo-
orovincialis(LaN),Modlolus adriaticus (TAM. ) preferred in its food,
Zapapna was obliged to leave the stomy bottoms apd attack the li-
ttoral blvalves of smaller sizes on the sandy and oozy bottons
(Chione #allina T., Pitar rudis (POLI), Spisula subtruncata tri-
angula (RENIER), executing a real migration along the littoral
from Gudautsk towards the west just in search of oysters and mu-
ssels, thus rapidly conquering all the littoral zones.

Rapana is stlll expanding 1lfs range in the Black Sea and
the final results of its acclimetization cannot be yet fully fo-
reseen, the decilmation of &he mussel population of the rocky in-
fralittoral not being excluded.

. Mya arenaria L., bivalve of north Atlantic origin, well
known and turned to commercial account on the USA coasts, has pe-
netrated into the Pontic basin 1in the last lo years and acclimatized
ttself perfectly, settling down and rapldily extending itself a-
long the Black Sea coasts, in 1ts north-western part, from Odessa

to Mangalia. Its spread can be seen on +the beaches, where MNMys
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shells, big and white, deposited as a result of storms, represent
nowadays a dominant element, which attracts attention at first
sight.

In a few years, since its introduction into the Black
Sea (probably as larvae in the ballast water from oil tanks), Mya
has an exuberant development, being today a common form on all
the sandy and sandy-oozy bottoms down to the depth of %0 metres.
In some places of the Romanlan littoral Mya Lis so abundant that
its density exceeds 8,000 indxvlduals/m or 16 kg/m? biomasss

In the Romanian littoral Mya has settled in the zone of
fine sands, in the blocenose dominated by the bivalve Corbula me=-
diterranea (CObTA), a blocenose very well studied ané known to be
one of the most eutrophlc of the Black Sea. The explosive deve-
lopment of the new specles in a biocenose so imnportant for the
sea economy has brought new problems in understand ing the equl-
1ibrium established in the Corbula biocenosis in conseguence of
the invasion of the new element - Liya.

A comparative analysis of the situabion existing after
the settlement of Mya in this zone,with the data recorded in pre-
vious years, showed that densities and blomasses of psammobiotic
mollusgs of the newly formed blocenosis ~ Corbula-Mya - have va-
lues comparable with those of the previous years, while Corbula
mediterranea remsined nevertheless numerically the most‘important
bivalve,.

On the basis of these first observations, we way stafe
that in the first stage of expansion in the Black Sea this species
does not compete in the food with other filter-feeding molluscs
of the blocenosis. The fact that Lt lives deep within the sed ipent,
buried down to 20-25 cm shows that 1t occuples an ecological zo-
ne previously couwpletely free in the fine sands and has been pro-
ved to be an element which enhances ecological balance. - In con-
clusion, #&he invasion and settlement of the blvalve kya in the
Black Sea represents a positive factor of great lmportance, which
contributes +o the growth of blological productivlty of the re-
gion.

A third example of a newsomer to the Pontic basin, and
we shall stop here, &s the crab Rhithropanopeus harrisi triden-
tatus (MAIT). This crab, of north-westérn Atlantic origin  con-
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quered in less than three decades most of the brackish European
basin, including the Black Sea and its paramarine annexes. Accen-
tuated euryhalinity of thils specles has led to its mass insta-
llation, especially in the ollgo—bracklgi littoral lakes, thas
contributing to the growth of the trophic basis of these lakes and
beconing a constant element in the food of zander, a fish of a
special economic interest.

The diversity - systematic and physiclogical - of the ma-
rine and brackish wéter fauna of the Ponftic basin, the diversity
which continually increases, 1illustrates how dynamic is the eco-
‘logical equilibrium of this sea. The changes which are recorded
teday Lin the hydrological and hydrochemical structures of the
Black Sea and which are due fo natural causes or to human activi-
ty, accentuate still more the dynamism of the ecologlcal equi-
libriume It is therefore absolutely necessary to monitor perma-
nently the state of ecological equilibrium by qualitative and
quantitative studies on the organisms which enter into the ben-
thic and pelagic ecosystems, especially in marine zones of im-
portance to fisheries.

‘We conslder +the starting point for all sinecological
studies should be a faunistic and floristic inven£q£§.

I would take the permlssion of reminding you that the
great French naturalist GEORGES CUVIER shows that the precise de-
termination of specles and of thelr distinctive characteristics
is the first basils on which all researches of nabtural history
should be founded. And a fellow countryman of his (14) has stated
recently that a consequence of the impetus of ecoloé§ is the ne-
cessity to pul systematlcs back In its rights; without a precise
-8ystematics ecology itself 1s lost and remains inefficlent.

It is clear that one camnot speak today of a complete
ecological knowledge of a marine zone without having a preclse
Inventory of organisms which- live in this zone. Alsoc, we cannot
establish the laws which are produced in these associations -
facts of particular theoretical and practical Llmportance, without
knowing the quélitative and quantitative structure of the popu-
lations which make them up. Or, at present with rare exceptions,
there is hardly any marine zone which has a perfectly inventoried
fauna, especially as the microbenthos was until recently rela-
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tively neglected. In neglecting the microbenthos, the warine eco-
logists deprive themselves of an important element in the assess~
ment of the warine bottom Iﬂ@hhsssu To ignore the microbenthos
with its constituents - harpactlcolda, ostracoda, nematoda &nd
others, without mentioning the protozozn world (the foraminifers,
the ciliates), organisms with a fairly short Dblologlcal cycle,
an@ therefore Irn principle high productivity -~ tc mneglect tGhese
species from the whole econony of the sea, Lis just like ouwitting
from the study of the plankton, copepods, cladoceres, Clatoms &
of other limits of the trophic chain, vwhich are of the greates
fmportsnce for fishes.

Particularly elogquent are s few evanples concerning the
macrobenthos - melobenthos relationship. For the Black Sce in the
well studied sandy zones, the average macrobenthos - meiobenthos
ratio is of 1 : S5 for densities and 31 : 1 for biomasses. Cou-
parative with other wsrine sectors this ratio agreggon gensral li-
nes: 1 : %0 - l4o/33 : 1 for Buzzards Bay, lass., L ¢ 170/24 : L
for lMasrtha's Vineyaré, 1 : loo/15 : 1 for ifoch Nevls Zcotland,
etc.,(lg; 18; ;2), though the taxonomic faunz conposition varles
from oge marin; sector to another.

4 starting point and a solid foundation of ecoiogy and
the indication of average density and biomass dynamics on blono-
mic sectors and belts represent an extremely useful sbtock of in-
formation. The utility of these data consists not only in the
knowledge of the sea productivity bubf also in the fact that
thanks %o such periodical Inventory of blological potential we
shall be able %o realize on one hand gquantitative and qualltative
changes which are being produced in the ecological eguilibriunm of
the ecosystems and on the other hand what new species will be &-
ble to and have %o be acclimatised by men wore gquickly than tiuwe
can do it itself.
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