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ABSTRACT

The freshwater ostracods living exclusively in interstitial
and/or interstitial and cavernous habitats belong to the Can-
doninae, Pseudolimnocytherinae, Timiriaseviinae, Kliellinae
and Darwinulidae. An assessment of the antiquity of several
interstitial ostracod groups has been attempted using direct
evidence from the phylogenetical affinities between living
hypogean and fossil ostracod species, and indirect evidence
from the morphological characters of the subterranean ostra-
cods and from the bio- and paleobiogeographical distribution

of the different ostracod groups.
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“What we firmly believe, if it is not true, is called error.
What we firmly believe, if it is neither knowledge nor error,
and also what we believe hesitatingly, because it is, or is
derived from, something which has not the highest degree of
self evidence, may be called probable opinion. Thus the
greater part of what could commonly pass as knowledge is
more or less probable opinion.”

Bertrand Russell (1912: 139-140)

“Finalement ce jeu énigmatique que Platon me laisse ici le
soin de mener comme je pourrai, me fait connaitre ou tout
au moins soupgonner que I'idée est toujours hors d’elle méme,
et que penser C'est se dépasser en cette réflexion, toujours
cherchant l'idée de I'idée, ce qui est ne point se prendre i
la chose ni se laisser tromper 3 la chose...”

Alain (1967: 26-27)

I. INTRODUCTION

a. Preamble

The ostracods are widely distributed in various
aquatic (seldom in terrestrial) habitats. Because
these crustaceans have a calcareous (seldom a
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phosphatic) carapace, they fossilize well. There-
fore the Ostracoda, as a subclass, is one of the best
documented groups within the animal kingdom.
The most archaic ostracods, viz. the Bradoriida, are
known from the Cambrian. Miller (1979)
achieved to recover and to describe the appendages
of several ostracods of the suborder Phosphatoco-
pina, which have been fossilized in Upper Cam-
brian sediments in Sweden.

An important radiation of the Ostracoda took
place in the Paleozoic (McKenzie, 1972; Pokorny,
1978). Representatives of all the ostracod orders,
viz. Bradoriida, Leperditocopida, Beyrichicopida,
Myodocopida and Podocopida, are documented
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already in the Ordovician (fig. 1). At the end of
the Permian and during the Triassic many of the
flourishing paleozoic ostracod taxa got extinct
(e.g. the bradoriids, the leperditocopids, the bey-
richicopids) and in the marine environment new
ostracod groups, mainly belonging to the order
Podocopida, radiated (Sylvester-Bradley, 1962).

Freshwater ostracods are known since the De-
vonian (McKenzie, 1971). They exclusively be-
long to the suborder Podocopina (table I).

The freshwater subterranean milieu has been
inhabited only by a few number of podocopine
ostracod groups, viz. representatives of the super-
families Cypridacea, Cytheracea and Darwinulacea
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Fig.- 1. The stratigraphic distribution of some of the major post-Cambrian marine ostracod groups of the orders Beyrichi-
copida, Podocopida and Myodocopida (data from Moore, 1961; Sylvester-Bradley, 1962; Danielopol, 1972 a & b; Kornicker &

Sohn, 1976; Grundel, 1978 a & b; Pokorny, 1978).
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TABLE I

The main ostracod groups of the suborder Podocopina and the suprageneric taxa with
subterranean freshwater dwellers (M = marine environment; F = freshwater environ-
ment; T = terrestrial environment; S = suprageneric taxa with freshwater subterra-
nean dwellers). Data from Hartmann & Puri (1974) and Danielopol (1972b, 1978).

Suborder Superfamily Family Subfamily (S)
Podocopina  Bairdiacea (M)
’ Sigilliacea (M)
Terrestricytheracea (T)
Cytheracea (M, F) Limnocytheridae Timiriaseviinae
Loxoconchidae Pseudolimnocytherinae
Entocytheridae Entocytherinae
Sphaeromiculinae
Kliellidae Kliellinae
Cypridacea (M, F) Cyprididae Cypridinae
Cyclocypridinae
Candoninae
Darwinulacea (F) Darwinulidae Darwinulinae

(table I). An important part of the information
on hypogean ostracods comes from investigations
in Europe (Danielopol, 1978).

b. The freshwater interstitial ostracods of Europe
and the problem of their antiquity

The first truly interstitial ostracod, blind and un-
pigmented, i.e. Psexdocandona eremita (a cando-
nine) was described about 100 years ago (Vejdov-
ski, 1882). Later Paris (1920) studied several cave
ostracods collected by Racovitza and his colleagues
in southern Europe. Between 1925 and 1950 W.
Klie intensively studied the systematics of the
groundwater ostracods of Europe (see the list of
his publications in Danielopol, 1978). Significant
contributions to our knowledge of the freshwater
subterranean ostracods of Europe have been made
by Schifer (1945), Loffler (1960-1964), Petkov-
ski (1962, 1966, 1969) and Sywula (1976).
Between 1964 and 1976 I collected a rich fauna
of interstitial ostracods mainly in Romania but also
in France, Austria, Yugoslavia, and Greece. Many
colleagues allowed me to study their collections of
subterranean ostracods from Europe. I also had the
chance to study the type material of some of the
subterranean and surface ostracods described by
W. Klie now housed in the Zoological Institute
and Museum of the University of Hamburg. From
this material I described several new species and I

attempted - a revision of the groups to which the
new subterranean ostracods belonged (see Danie-
lopol, 1978).

Table II shows the “true interstitial” ostracods
living in Europe. I considered (1977, 1978) “true
interstitial” ostracods to be species found in inter-
stitial and/or cavernous aquatic habitats, which
show eye reduction and/or long antennal aesthe-
tascs “Y”. In cases where data on these characteris-
tics are not available, species recorded exclusively
from the above-mentioned habitats are referred to
as “true interstitial” forms as well. These species
are likewise called hypogean species or troglobites.
For a definition of these terms see also Danielo-
pol, 1978 and 1980c.

Table II shows that most interstitial ostracods,
living exclusively in freshwater habitats of Europe
belong to the subfamily Candoninae (see, for a
review, Danielopol, 1971a, 1977 and 1978). This
group is also abundantly represented in surface
freshwater habitats of Europe (Loffler & Danie-
lopol, 1978). The superfamily Cytheracea, the
most abundant and diversified marine recent os-
tracod group, is represented in freshwater intersti-
tial habitats by a small number of species, viz. four
species of Timiriaseviinae (Colin & Danielopol,
1980; Danielopol, 1970b), two species of Pseudo-
limnocytherinae (Danielopol, 1979), and two spe-
cies of Kliellidae (Schifer, 1945). Of these three
cytherid groups, the Timiriaseviinae is a group
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‘TaBLE II

The freshwater interstitial ostracods recorded in Europe (i = interstitial habitat; k = karstic habitaz). Data from: (1)
Danielopol, 1970b, 1976a; (2) Danielopol, 1970a; (3) Danielopol, 1978; (4) Sywula, 1976; (5) Klie, 1938a; (6)
Danielopol, 1980d; (7) Danielopol & Cvetkov, 1979; (8) present paper; (9) Schifer, 1945.

x  z z 7
Taxa Z 2 Taxa Z a
R 3 B 3
] 8
Superfamily CYPRIDACEA Phreatocandona
Family CYPRIDIDAE motasi Danielopol, 1978 i 3
Subfamily CANDONINAE Mixtacandona
Pseudocandona laisi (Klie, 1938) i 3
eremita (Vejdovski, 1880) s.l. i+k . 36 stammeri (Klie, 1938) itk 3
zschokkei (Wolf, 1919) i 3 chappuisi (Klie, 1943) i 3
puteana (Klie, 1931) i 3 transleithanica (Loffler, 1960) i 3
schellenbergi (Klie, 1934) i+k 3 loeffleri (Danielopol, 1978) i 3
triquetra (Klie, 1936) i+k 3 botosaneanui Danielopol, 1978 i 3
belgica (Klie, 1937) i 3 betrosanii Danielopol & Cvetkov, 1978 i 3
bertzogi (Klie, 1938) i 3 elegans Danielopol & Cvetkov, 1978 i 7
brisiaca (Klie, 1938) i 3 Mixtacandona n.sp. i 7
insueta (Klie, 1938) i 3 Mixtacandona sp.aff. chappuisi i 3
bilobata (Klie, 1938) i 3 pseudocrenulata Schifer, 1945 i+k? 3,8
spelaca (Klie, 1941) i+k 3 cottarellii Danielopol, 1980 i 6
dichtliae (Brehm, 1953) i 3 Nannocandona
szoecsi (Farkas, 1957) i 3 stygia Sywula, 1976 i 4
bilobatoides (Loffler, 1961) i 3 Superfamily CYTHERACEA
pseudoparallela (Loffler, 1961) i 3 Family LIMNOCYTHERIDAE
profandicola (Loffler, 1960) i 3 Subfamily TIMIRIASEVIINAE
tyrolensis (Loffler, 1963) i 3 Kovalevskiella
altoalpina (Loffler, 1963) i 3 phreaticola (Danielopol, 1965) i 1
rouchi Danielopol, 1978 i+k 3 cvetkovi (Danielopol, 1969) i 1
delamarei Danielopol, 1978 i 3 bulgarica (Danielopol, 1970) i 1
serbani Danielopol, 1980 i 3,6 Kovalevskiella sp. i 1,8
mira Sywula, 1976 i 4 Family LOXOCONCHIDAE
Cryptocandona Subfamily PSEUDOLIMNOCYTHERINAE
phreaticola (Klie, 1927) i 3 Pseudolimnocythere
leruthi (Klie, 1936) i 3 hypogea (Klie, 1938) i+k 5
kieferi (Klie, 1938) i 3 hartmanni Danielopol, 1979 i 8
juvavi (Brehm, 1953) i 3 Family KLIELLIDAE
matris Sywula, 1976 i 4 Kliella
Cryptocandona sp.aff. matris i 8 byaloderma Schifer, 1945 i? +k? 9
Fabaeformiscandona Nannokliella
latens (Klie, 1940) i 3 dictyoconcha Schifer, 1945 i? + k? 9
wegelini Petkovski, 1962 i 3 Superfamily DARWINULACEA
Candonopsis Darwinula
boui Danielopol, 1978 i 3 boteai Danielopol, 1970 i 2

which diversified widely in surface freshwater ha-
bitats during the Mesozoic (Colin & Danielopol,
1980). Finally, one has to mention the presence in
Europe of an interstitial species of Darwinula. The
Darwinulidae is a cosmopolitan freshwater group
having only few species in Europe (Danielopol,
1968, 1970a).

Hartmann (1974) suggested that the Kliellidae
found in a karstic area usually live in an intersti-
tial habitat. This was inferred from the reduced

size of the carapace, the reduced number of setae
on antennal and thoracic limbs, similar to the
situation found in marine interstitial cytherids.
Moreover, the crustacean association in the wells
where the two kliellids were found contained typ-
ical interstitial dwellers, viz. isopods of the genus
Microcharon and harpacticoids of the genus Para-
Stenocaris (Schifer, 1945). I pointed out (1978)
that several ostracod species recorded from karstic
habitats could also live in interstitial habitats but
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this has not yet been documented (e.g. Mixtacan-
dona peliaca Schifer, 1945, M. psendocrenulata
Schifer, 1945, Mixtacandona aff. riongessa, M.
bvarensis Danielopol, 1969, M. tabacarui Danielo-
pol & Cvetkov, 1978, Candonopsis thienemani
Schifer, 1945, C. trichota Schifer, 1945, and
Cryptocandona dudichi Klie, 1930). During new
investigations in Greece (Euboea Island), M. psex-
docrenulata was discovered in sandy gravel sedi-
ments (Danielopol, 1980b), thus confirming my
suppositions.

During my studies on subterranean ostracods I
have searched for some clues as to their history
and evolution; for example why (in the sense of
“how come” of Mayr, 1961) did the Candoninae
more than other cypridid groups colonize the fresh-
water interstitial habitats? I have provided an
answer to this question in two recent contributions
(1977, 1978). The Candoninae with exclusively
crawling representatives live often on sand and
gravel substrates. These ostracods are predisposed
to move within the substrate. As compared to the
other freshwater ostracod groups with crawling
representatives, the Candoninae have greater evo-
lutionary plasticity allowing a higher rate of diver-
sification.

I have been asked several times what is the an-
tiquity of the interstitial freshwater Ostracoda of
Europe (see the question of Oertli, in the discus-
sion which followed my lecture delivered at the
Saalfelden Symposium; Danielopol, 1977). Even
though there is an impressive amount of informa-
tion concerning the age and the antiquity of
subterranean animals (Thienemann’s, 1950, and
Vandel's, 1965, monographs provide detailed
reviews), there is little information on the subter-
ranean ostracods (Danielopol, 1970b, 1971a,
1977, 1978). The problem of the age of an animal
group is interesting in order to better understand
its evolution. “Everything is time-bound and space-
bound” writes Mayr (1961: 1501), and Jacob in
“La logique du vivant” (1970: 147) notes: “Tout
organisme, quel qu'il soit, se trouve alors indisso-
lublement lié, non seulement i I'espace qui l'en-
toure mais encore au temps qui I'a conduit 12 et lui
donne une quatriéme dimension.”

In the present contribution I shall try to assess
the age of several interstitial ostracod groups living
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in freshwater habitats of Europe using some of the
well-known methods, viz. the study of fossils and
their phylogenetic affinities with living ostracods,
the study of the morphology and the ecological
distribution of the Recent ostracod fauna, and the
use of biogeographic models. I want to demon-
strate two things:

(1) that the ostracods provide realistic data for
those interested in the general problem of the age
of the subterranean fauna;

(2) that some of the tests to assess the antiquity
of subterranean faunas, when applied to ostracod
data, prove to be unsatisfactory.

. The three different meanings of the age of the
subterranean fauna

As mentioned above, one can find in the literature
a large amount of information on the age of hypo-
gean animals. For different authors the concept of
age means at least three things:

(1) The phylogenetic age of an animal group at
a supraspecific level, i.e. how old is a group since
its first appearance in the animal kingdom. This
can be inferred from direct evidence produced by
fossils, or, indirectly, from morphological studies
of living animals. Vandel (1967) showed, for
instance, that the degree of morphological regres-
sion can give an idea of the phylogenetic age of an
animal group. Very old animal groups have, for
example, a high number of regressive characters.
The phylogenetic age of an animal group plays an
important role in the explanation of the origin of
the subterranean fauna in the theories of the par-
tisans of oriented evolution through orthogenesis.
Jeannel (1928, 1950) considers that the represen-
tatives of phylogenetically old animal groups,
faced to a phase of evolutionary senility, take ref-
uge in subterranean habitats where they continue
to evolve following their orthogenetic trends. In-
formation on the phylogenetic age of the Cando-
ninae and other related Cypridacea (Macrocypri-
didae, Pontocyprididae, Cypridinae, Ilyocypridi-
nae, Notodomadinae, Cyclocypridinae) as inferred
from the degree of their morphological specializa-
tion, can be found in Danielopol, 1978. For the
Timiriaseviinae and Darwinulacea there is direct
evidence of their phylogenetic age due to the exist-
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ence of fossil records (Danielopol, 1968, Colin
& Danielopol, 1980, and see the next sections
below). I showed (1977, 1978) that the subfamily
Candoninae which has the highest number of sub-
terranean species is neither a primitive nor a hyper-
specialized group as compared to the other main
cypridacean groups mentioned above. The Cando-
ninae do not appear to have a greater phylogenetic
age than the Macrocyprididae, Pontocyprididae,
Cypridinae or Cyclocypridinae. To date there is no
evidence in any of the ostracod groups that the
phylogenetic age influences the evolution of sub-
terranean dwellers. Therefore, this aspect of the
age concept will not be discussed in the present
paper.

(2) The age of a subterranean animal group as the
time spent by a group in the hypogean realm. In
other words this is the time since the representa-
tives of an animal group penetrated and started to
adapt to the underground environment. This is an
important factor allowing us to understand the
different processes in the evolution of subterranean
animals. The present paper deals with this prob-
lem.

(3) The age of a subterranean animal as the time
spent in a specific geographic area. Many aquatic
interstitial animals have the possibility of mi-
grating actively and colonizing new territories. For
example Magniez (1978b) showed that some pop-
ulations of stenasellids (Isopoda) colonized allu-
vial sediments of the mountain valleys in the
Pyrenean area from the lowland groundwater
habitats during postglacial times. But the penetra-
tion by stenasellids of the subterranean realm hap-
pened most probably during the Tertiary or even
earlier (Magniez, 1974, 1978a). At present we
have too little information on the geographical
distribution of subterranean ostracods from which
we could infer the age of the different local pop-
ulations of a subterranean species. So this aspect
of the age of subterranean ostracods will not be
discussed here.

d. Some paradigms pertinent to the problem of
the antiquity of the subterranean fauna

The concept of paradigm has been introduced by
Kuhn. It means, as its author noted recently (1970:
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175) two things: “On the one hand, it stands for
the entire constellations of beliefs, values, tech-
niques, and so on shared by the members of a
given community. On the other, it denotes one
sort of element in that constellation, the concrete
puzzle-solutions which, employed as models or
examples, can replace explicit rules as a basis for
the solution of the remaining puzzles of normal
science.

The interest in the study of the subterranean
fauna developed considerably since the second part
of the past century, Many naturalists have been
impressed by the morphological specialization of
the cave fauna. Darwin in “The origin of species”
(the fourth chapter) shows that the conservative
habitats, exerting a low selective pressure, harbour
many archaic animals or “living fossils”. In con-
sidering such types of habitats, Darwin discussed
also the case of caves (see the fifth chapter). He
expected that cave faunas would be richer in
“living fossils” than actually known at the time.

At the beginning of this century, Racovitza syn-
thesized the bulk of information on the under-
ground environment and its biotas. His “Essai sur
les problémes biospéologiques” published in 1907
represented the basis of what has become “modern
biospeleology”.

As Racovitza remarked later (1926), his deci-
sion to investigate the subterranean fauna came
from his interest in the study of evolutionary pro-
cesses. He thought that cave habitats were rather
simple in structure, and that many environmental
factors would vary to a lesser extent there than in
surface habitats. Moreover, it was known that cave
habitats harbour “living fossils”, a very important
tool for phylogenetical reconstructions. The effects
of Racovitza's “Essai” were incredibly great (Co-
dreanu, 1970; Orghidan, 1970) and during the
following decades, subterranean investigations
developed all around the world. Many discoveries
confirmed the ideas put up by Racovitza and his
students and became classic paradigms.

Here I shall give several examples of paradigms
pertinent to the “age problem”.

1. The subterranean realm is very rich in relict
animals and “living fossils”. Racovitza (1926)
summarized this situation very well: “The dis-
covery of a geologic stratum full of varied and
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well-preserved fossils is a remarkable and im-
portant scientific event. But a more fortunate
and important event is the discovery of the
subterranean realm as a ‘stratum’ crowded with
numerous and varied relicts, which are better
preserved, as they are ‘living fossils’ ”.1)

2. The aquatic subterranean habitats developed in
clastic rocks are very old. In these types of
habitats some animal groups could persist
through several geological epochs (even from
Paleozoic to Recent). An expression of this
paradigm can be found in Noodt (1968: 472):
“Solange Erosion auf der Erde wirksam ist,
hat es neben zerkliiftetem Fels Sedimente und
damit auch Grundwasser in ihnen gegeben.
Das Biotop Stygon ist demnach uralt.” Noodt
shows that the crustacean group Bathynellacea
could have existed in this type of habitat since
the Paleozoic. Similar ideas can be found in
Leruth (1939), Delamare Deboutteville
(1960) and Delamare Deboutteville & Boto-
saneanu (1970).

3. Many epigean animals, relicts of old faunas,
took refuge in the subterranean realm during
different geologic epochs as a result of climatic
deteriorations. A quotation from Banarescu
(1975: 135, 136) exemplifies this point: “In
general, the hypogean habitat is refugial, be-
ing populated by archaic groups of animals . . .
Withdrawal into the hypogean habitat was
partly due to some climatic changes: the Quar-
ternary cooling (for some relatively thermo-
phile animal groups it was easier to survive in
subterranean, permanently cool, environments
where the temperature was nevertheless con-
stant, than on the surface, exposed to the win-
ter frosts),...”

4. The possibilities of certain animal groups be-
ing able to spread through the subterranean
habitats are limited. The present geographical
distribution of these animal groups when
superimposed on paleogeographical maps can
provide information on the time when they
penetrated into the hypogean realm. Vandel
(1962: 32) gives a clear statement of this
paradigm: “Les cavernicoles ont été fixés en
place par la vie souterraine d’une fagon aussi

1) :franslated from the Romanian by D.L.D.
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immuable que des fossiles. Leur répartition ne
correspond plus i I'état présent du globe, mais
a celui dans lequel se trouvait la terre au mo-
ment ol les cavernicoles ont gagné les profon-
deurs de la terre” and “The geographical dis-
tribution of cavernicoles is sometimes capable
of being superimposed onto paleogeographical
maps. This allows an estimate of the date of
the period of their expansion to be made.”
(Vandel, 1965: 466.)

These four paradigms show us that in the litera-
ture the origin and the age of subterranean faunas
is presented in a very clear way but, unfortunately,
without mentioning the initial assumptions and
the implicit limits of the hypotheses. In this con-
tribution I shall show that some paradigms are
confirmed by the ostracod data, others are not cot-
roborated and subsequently need to be further im-
proved. In my argumentation I shall use some of
the epistemological methods proposed by Popper
(1934).

II. DO REPRESENTATIVES OF PALEOZOIC
AND MESOZOIC OSTRACOD GROUPS
STILL LIVE IN FRESHWATER INTER-
STITIAL HABITATS OF EUROPE?

a. Preamble

I have already shown that it is widely accepted that
certain biotas could have lived in subterranean
habitats for very long periods of geological time.
Very elegant demonstrations of this hypothesis
have been presented for several groups of Crus-
tacea: E.g. by Schminke (1973) for the Bathynel-
lacea, by Stock (1976b, 1979) for the amphipod
ingolfiellids, by Holsinger (1974) for the amphi-
pods of the Crangonyx group, and by Magniez
(1974, 1978b) for the isopod stenasellids.
Schminke (1973, 1974) pointed out that a related
group of the Bathynellacea, the Paleocarida, is
represented in marine Paleozoic deposits. Because
the Paleocarida possess more apomorphic charac-
teristics than the Bathynellacea, Schminke inferred
that the origin of the present subterranean bathy-
nellids should be sought in a paleozoic marine
group which invaded the subterranean freshwater
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environment during the Carboniferous. For the
ingolfiellids, the phylogenetic affinities between
subterranean species living in Europe and those of
South and Central America (all representatives of
the subgenus Gevgeliella) led Stock (1976b) to
the idea that this group spread on a unique land-
mass, Pangea, during the Mesozoic or earlier.

Holsinger (1974) discussed the geographical
distribution and phylogenetic affinities of the am-
phipod genus Stygobromus. He suggests two con-
current hypotheses which could give an idea of the
origin and the age of this genus and related groups
of North American genera:

(1) a marine ancestor colonized southern North
America during a regressive phase in the late Cre-
taceous or possibly early Tertiary;

(2) the ancestors of the North American subter-
ranean amphipods invaded freshwater habitats
before the breakup of the Laurasian landmass,
perhaps in the late Paleozoic. As Holsinger no-
ticed (1974: 59), this alternative is attractive be-
cause “it diminishes the importance of the lack of
an extant group of potential marine ancestors and
makes the widespread, Holarctic, distribution of
the entire Crangonyx group easier to compre-
hend.”

In these examples the actual evidence of a Me-
sozoic and/or Paleozoic age of subterranean ani-
mals is inferred from the phylogeny of groups
without fossils and from bio- and paleobiogeogra-
phical data. The hypotheses concerning the age of
subterranean animals presented here are difficult
to corroborate or to refute and in the case of a
concurrent hypothesis it is difficult to find a falsi-
fier able to eliminate one of them. In the follow-
ing I shall present the possibilities and the limits
of the use of fossils to infer the age of presently
living interstitial ostracod groups.

b. The main marine ostracod groups occurring in
the Paleozoic and early Mesozoic. Could they
colonize the inland interstitial habitats?

The ostracods are known from the Upper Cam-
brian onward. During the Paleozoic the marine
environment was inhabited by a rich and diversi-
fied ostracod fauna (fig. 1) belonging to the or-
ders Bradoriida (= Archeocopida), Leperditoco-
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pida, Beyrichicopida, Myodocopida, and Podoco-
pida (Adamczak, 1968; McKenzie, 1972; Pokor-
ny, 1978; Miiller, 1979). The Bradoriida became
extinct during the Ordovician, the Leperditocopida
during the Devonian, most of the Beyrichicopida
during the Triassic, although two genera persist
until today. Some of the Paleozoic myodocopids
and podocopids disappeared during the Carbon-
iferous, the Permian and Triassic (McKenzie,
1972; Pokorny, 1978). During this last period the
podocopids with the Bairdiidae and the metacopids
with the Healdiidae dominated the marine habitats
(Bolz, 1971; Gramm, 1972; Von Krémmelbein,
1974; Kristan-Tollmann, 1977). During the Ju-
rassic the importance of the bairdiids and healdiids
diminished in the marine environments, and we
notice an explosion of the podocopid Cytheracea, a
benthic group which continued to diversify through
geologic time until the present day (see for details
Whatley & Stephens, 1976). Two benthic groups
of the order Myodocopida (Thaumatocypridacea
and Polycopacea) have at present interstitial and
cavernicolous representatives. These groups occur
as early as the Permian2?) (Kornicker & Sohn,
1976) and it seems that they never attained a high
diversity during the Paleozoic and Mesozoic (Scott
& Sylvester-Bradley in Moore, 1961).

The representatives of the five ostracod orders
found in Paleozoic and early Mesozoic sediments
can be identified using the carapace shape and
structure, the shape of the ventral margin, the type
of the carapace dimorphism, the pattern of the
central adductor muscle scars, the nature of the
radial pore canals, the ornamentation and the
hinge structure (Van Morkhoven, 1962; Hen-
ningsmoen, 1965; Adamczak, 1968; Gramm,
1972; Schornikov & Gramm, 1974).

Regarding the most ancient ostracod orders, i.e.
Bradoriida (= Archeocopida) and Leperditocopi-
da, Pokorny (1978: 129) writes: “There is a wide
agreement among recent authors that the archeo-
copids are ancestral to all post-Cambrian ostra-
codes. .. After studying leperditocopids in thin
section Levinson (1951) considered it possible
that they were not Ostracoda, as we know them
today, but rather an early specialized branch.”

2) Pokorny (1978) considers that the cladocopins (Polyco-
pacea) could occur also in the Devonian,
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The representatives of the order Beyrichicopida
are strongly ornate and females have a complicated
brood pouch (Henningsmoen, 1965; Pokorny,
1978). The carapace shape seems to make them
unsuited for life in an interstitial habitat. As Hart-
mann (1974) and Maddocks (1976) showed, the
carapace of the Recent marine interstitial ostracods
is generally of small size, the shape is elongated
or rounded, the calcareous valves are thin and the
external ornamentation is poorly developed.

During the Cambrian, Ordovician and Silurian
the continental climate was very arid and less
suitable for the existence of continental freshwater
habitats (Termier & Termier, 1968). Freshwater
ostracods first appeared in the Devonian during
which lacustrine and swamp habitats came to
development. Well-diversified freshwater ostracod
faunas are found in the Carboniferous (McKen-
zie, 1971).

The dominant group in the inland waters during
the Carboniferous, Permian and the Lower Trias-
sic appears to be the Darwinulacea (Bushmina,
1959; Neustrueva, 1970, 1977; Sohn, 1976).
During the middle of the Mesozoic and then in
the Cenozoic we witness an explosion of the Cyp-
ridacea in the freshwater habitats of all continents
(Sylvester-Bradley, 1962; McKenzie, 1971). To a
lesser but notable extent the Cytheracea diversified
in continental waters (McKenzie, 1971).

Adamczak (1969) showed that the fossil paleo-
zoic platycopids could have been filter feeding like
the present cytherellids. Myodocopids are also
filter feeders. This last group has many species
which live in marine interstitial habitats, viz, the
Polycopacea (Hartmann, 1974). All the intersti-
tial ostracods living in freshwater habitats are de-
posit feeders. However, filter feeding is also a
common feature among entomostracans living in
the freshwater environment. It seems a priori that
this is not a limiting factor. The bairdiids which
are deposit feeders have one group containing
marine interstitial species, viz. the pusselids (Mad-
docks, 1976; Danielopol, 1976d). The most
serious limiting factor seems to be the limited
euryhalinity of the marine Paleozoic and Mesozoic
ostracod groups discussed here, viz. the Leperdito-
copida, Beyrichicopida, Myodocopida, some sub-
ordets of the Podocopida (Metacopina, Platyco-
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pina), and the bairdiids within the Podocopina;
all these groups are known only from marine en-
vironments. They have no species, living or fossil,
inhabiting surface oligohaline or freshwater habi-
tats. Conversely, the cytherid group which has rep-
resentatives in subterranean freshwater habitats,
i.e. the Loxoconchidae (with the hypogean Pseu-
dolimnocytherinae, see details in the next chapter)
shows marked euryhalinity, e.g. Loxoconcha galilea
lives in Lake Tiberias in salinities of 0.5-0.6 %o
(Lerner-Seggev, 1968). Loxoconcha gauthieri can
live at salinities varying from 2 to 40 %o (Schorni-
kov, 1969). The marine interstitial Tuberoloxo-
concha lives in euhaline mediterranean waters as
well as in the Black and Azov Seas in oligo- and
mesohaline waters (Schornikov, 1969). Danielo-
polina orghidani (Thaumatocypridacea) is the
only representative of the Myodocopina found in
an inland subterranean habitat, viz. in Cuban
waters of 22 %o salinity (Danielopol, 1976¢; Ju-
berthie et al., 1977).

c. The hypogean Kovalevskiella are “living fos-
sils”

In 1970 I showed that the interstitial ostracods of
the genus Kovalevskiella (= syn. Cordocythere)
belong to a group with one surface species widely
distributed in Europe (Metacypris cordata Brady
& Robertson) and several species distributed in
southern and central America. I hypothesized that
the interstitial species which now live in eastern,
central and southern Europe are the thermophilous
relicts of an ostracod group which lived in surface
waters during the Tertiary. Most of the species
disappeared from the surface waters in Europe
at the end of the Tertiary. The revision of the
ostracod species related to the subterranean Kova-
levskiella (Colin & Danielopol, 1978; 1980) al-
lows to present a more subtle and complicated
picture of the history and evolution of this group.
Kovalevskiella is a limnocytherid belonging to the
subfamily Timiriaseviinae Mandelstam, 1947.
Within it Colin & Danielopol (1978, 1980) rec-
ognized four groups of genera, viz. 1, Timiriase-
via-Metacypris; 2, Kovalevskiella; 3, Theriosynoe-
cum; 4, Afrocythere-Elpidium.

The first group of genera has many fossil spe-
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Fig. 2. A-B, Kovalevskiella sp., @ (Lobau, Vienna): A, right valve (X 215); B, detail of the external ornamentation

(X 1075).

C, Metacypris cordata, 2 (Caldarusani, Bucharest) (X 195).

cies known from Europe and Asia whereas only
one species still lives in European surface waters,
i.e. Metacypris cordata Brady & Robertson (figs.
2C, 3A). Theriosynoecum has no living species
although it was a very successful genus during the
Jurassic and Cretaceous periods (Colin & Danielo-
pol, 1980). Afrocythere-Elpidium are known only
as Recent species which live in the surface waters
of West Africa and America (see the geographi-
cal distribution in fig. 3A). The group of genera
Kovalevskiella Klein, 1963 (= syn. Cordocythere
Danielopol, 1965) includes also Rosacythere Colin
(in Colin & Danielopol, 1980) and Frambocy-
there Colin (in Colin & Danielopol, 1980). The
morphological characteristics of this group of gen-
era are: carapace of reduced size (about 0.5 mm
length); posterior side inflated into a brood pouch;
both valves having one or two transversal dorso-
lateral sulci (figs. 2A, 4F); carapace surface

covered with small foveolae in a rosette shape
(fig. 2B); hinge of lophodont type with the car-
dinal teeth in the left valve; the right valve larger
than the left. The carapace ornamentation of the
Timiriasevia-Metacypris group differs from that
of the Kovalevskiella group in that the foveolae
are in long concentric lines (fig. 2C). In Timiria-
sevia there is a tendency to build concentric micro-
ridges.

The genus Kovalevskiella Klein differs from
Rosacythere Colin and Frambocythere Colin in
having a carapace with only one straight and deep
dorsolateral sulcus and rounded foveolae. Rosa-
cythere has a large and atenuated sulcus; the foveo-
lae are triangular in shape. Frambocythere has two
sulci and rounded foveolae.

The living species of Kovalevskiella are distrib-
uted throughout central and southeastern Europe,
and in Anatolia, Turkey (fig. 3A). K. phreaticola
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Fig. 3. A, The geographical distribution of the Recent ostracod Timiriaseviinae: m = Metacypris; e = Elpidium; a = Afro-

cythere; k (white stars) = Kovalevskiella,

B (inset), The distribution of Kowalevskiella in the Lower Oligocene (40 million years ago). Geographical maps from

Smith & Briden, 1977.

(Danielopol) is widely distributed in Romania,
K. cvetkovi (Danielopol) occurs in southeastern
Bulgaria, and K. bzlgarica (Danielopol) in west-
ern Bulgaria (Danielopol, 1970b). Representa-
tives of the genus Kovalevskiella, whose specific
status is not yet determined, are known from
southwestern Romania, from the upper Danube
Valley in Lower Austria near Vienna, from the
Kiref Valley in northern Euboea Island (Danie-
lopol, 1976a), from northern Italy (Colin & Da-
nielopol, 1980), from southern Yugoslavia and
from the Eregli cave in southern Anatolia (Pet-
kovski, pers. comm.). Two species have been
found in karstic areas, viz. K. rudjakovi (Danie-
lopol) in Transcaucasia and Kovalevskiella n. sp.
in Dobrodjea, Romania (Danielopol, 1970b).
Several fossil Kovalevskiella species have been
described. K. prima (Carbonnel & Ritzkovsky,
1969) has been found near Kassel in northern
Germany in Lower Oligocene lacustrine beds of
oligohaline origin. K. candata (Lutz, 1965) has
been found in Upper Miocene (Tortonian) lacus-
trine sediments in southern Germany near Regens-
burg. Kovalevskiella sp. (figs. SE, F) has been

discovered in Upper Miocene (Lower Pontian)
strata in Bolgrad (Soviet Union).3) K. tarianensis
Klein has been found in Lower Meotian, Pontian,
Kuyalnikian and Gurian in Georgia and Abkazia
and Apsheronian, Lower Pleistocene, in Azerbaid-
jan (Soviet Union) (for more details see Klein,
1963; Popkhadze, 1975; Vekua, 1975; Colin &
Danielopol, 1980).

One has to note that the oldest species, K. prima
and K. candata, occur at the northern and western
margins of the geographical area occupied by Re-
cent living Kovalevskiella (fig. 3B).

The fossil species of Rosacythere occur in the
Lower Cretaceous (Albian and Albo-Aptian) of
Europe and those of Frambocythere in the Upper
Cretaceous and Paleocene of Europe (Colin &
Danielopol, 1980).

From these data we can infer that the epigean
Kovalevskiella could have penetrated into the sub-
terranean realm between the Lower Oligocene and
the Lower Pleistocene. There is no other evidence

3) One carapace collected by S. Gillet has been deposited in
the Senckenberg Museum (SMFXe 6603; carapace length
0.39 mm).
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which can be used to date the migration of the
Timiriaseviinae into the hypogean habitat more
precisely. The recent subterranean Kovalevskiella
are the “living fossils” of the group Rosacythere-
Frambocythere-Kovalevskiella which range from
the Lower Cretaceous, i.e. a group which is docu-
mented to have existed for a little more than 100
million years.4)

d. The Darwinula pagliolii and the Candonopsis
kingsleii groups with living interstitial and
fossil species in Europe

The Darwinulidae are represented in the subterra-
nean freshwater habitats of Europe by at least one
species, Darwinula boteat Danielopol (Danielopol,
1970a). This species has been found in the allu-
vial sediments of the river Mraconia, southwestern
Romania (fig. 9). The family Darwinulidae is
primarily a freshwater group which achieved an
acme of diversification during the Upper Paleo-
zoic, more precisely during the Carboniferous and
Permian epochs (Bushmina, 1959; Neustrueva,
1977; Sohn, 1976). After the Triassic the number
of darwinulid species diminished conspicuously
(McKenzie, 1971). The group continued to exist
through the Mesozoic and Cenozoic. A small
number of species is at present distributed in fresh-
water habitats all over the world- (Danielopol,
1968).

Darwinula boteai Danielopol has close affinities
with the following living species: D. malayica

4) Danielopol (1972a) showed that the fossil “Candona”
procera Straub, 1952, from Lower Miocene (Aquitanian)
deposits near Ehringen in the southern part of the Federal
Republic of Germany could belong to the genus Mixzacan-
dona. This was inferred from a comparative study of the
Recent interstitial species, Mixtacandona sp.aff. chappuisi
from Romania and fossil specimens of Carndona procera from
Germany (material deposited by Straub at the Senckenberg
Museum) and from Italy (Pleistocene specimens from the
Liri Valley described by Devoto, 1965).

Unless this hypothesis is invalidated by it being demonstrat-
ed that Candona procera resembles Mixtacandona because of
homeomorphy in carapace shape, or even unless the fossil
material represents already interstitial animals (this could be
the case for the Pleistocene C. procera from ltaly), we have
to admit that the presently subterranean Mixtacandona spe-
cies are another example of “living fossils”. This group
therefore has existed in Europe for at least 20 million years
(using the radiometric scale and stratigraphic correlations of
Rogl et al., 1978).
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Menzel, 1920 (see further details in Klie, 1935
and Pinto & Kotzian, 1961), D. cuneata Klie,
1939, D. pagliolii Pinto & Kotzian, 1961, D. lun-
di Neale & Victor, 1978, Darwinula sp.A from
Cuba (figs. 8A, B) and Darwinula sp.B from
Tunisia (figs. 8C, D). All these species have in
common: the carapace length varying between 0.4
and 0.62 mm; the left valve overlapping the right;
the antennal exopodite with one long and one
short seta (figs. 8E, F); the furcae well developed,
with one distal seta; the posterodistal process of
the body elongated (fig. 8G). The darwinulids
mentioned above form a group of species that I
shall call the Darwinula pagliolii group.5)

The right valve of Darwinula botea: Danielopol
has a small posteroventral ridge (figs. 4G, 6B)
on its outer side, the left valve has a small tuber-
cle within the anterior third of the ventral side
(figs. 6A, B). An outer ridge on the right valve
has been noticed in D. pagliolii (see Pinto & Kot-
zian, 1961), Darwinula sp.A from Cuba (fig. 8B)
and Darwinula sp.B from Tunisia (figs. 8C, D).
An inner tubercle on the left valve can also be
found in Darwinula sp.A (fig. 8B).

At the Senckenberg Muscum (Frankfurt am
Main) there are kept two fossil Darwinula species
found in Pliocene deposits (Upper Dacian) at
Valea Budureasca (near Calugareni, Jud. Prahova,
Romania; see also fig. 9). Darwinula sp.1 (fig.
5D) from Valea Budureasca (catalogue collection
in Senckenberg Museum: no. Fa 413) has a length
of 0.67 mm. Darwinula sp.2 (figs. 5A-C), found
at the same locality has a carapace length of 0.50
mm and the left valve larger than the right (cata-
logue no. of this specimen SMFXe - 6606); the
left valve has a small inner ridge on the antero-
ventral side (fig. 5B); the right valve (length
0.47 mm for the specimen SMFXe - 6607) has a
small outer posteroventral ridge similar to that of
D. boteai. The shape of the left valve (fig. 5B)

5) For this group of species I chose the name of D. paglioli
instead of D. malayica, the oldest species known of this
group, as Pinto & Kotzian (1961) presented for the former
species a remarkably complete description, whereas only a
poor description exists for D. malayica. A supplementary
argument was also the fact that I was able to study specimens
of D. pagliolii kindly supplied by Professor Pinto. The mate-
rial of Darwinula sp.A and sp.B, from Cuba and Tunisia,
respectively, discussed in this paper is deposited at the Lim-
nological Institute, Vienna.
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Fig. 4. A-C, Candona altanulaensis Szczechura & Blaszyk (Campanian), Nemegt Basin, Mongolia: A, left valve; B, right valve;

C, centra] adductor muscle scars.
D, Candonopsis boui Danielopol, Albi, @, left valve.

E, Candonopsis cf. arida, right valve (after Malz & Moayedpour, 1973).

F, Kovalevskiella bulgarica Danielopol, Simitli, @, carapace, dorsal view.
G-H, Darwinula boteai Danielopol, Mraconia Valley, 9 (after Danielopol, 1970b): G, right valve (arrow

H, left valve.

is very similar to that of D. botea: (fig. 4H) and
D. pagliolii. In my opinion, the Pliocene species
Darwinula sp.2 from Valea Budureasca belongs to
the D. pagliolii group. We can infer from these
data that a Darwinula species of this group could
have inhabited the groundwater, in Europe, at least
since the Pliocene (Upper Dacian), i.e. for about
4 million years using the radiometric scale and the

= outer ridge);

biostratigraphic correlations of Steininger & Papp
(1979).

As mentioned above, the darwinulids range
from the Paleozoic. Therefore it is possible that
other fossil Darwinula, older than the Tertiary
species described here could refute the present
state of our knowledge on the “maximum potential
age” of the subterranean species of this group.
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Fig. 5. A-D, Fossil Darwinula species, @ 2, from the Upper
Dacian from Valea Budureasca, Romania: A, Darwinula sp. 2,
carapace, dorsal view; B, Darwinula sp. 2, carapace, lateral
view; C, Darwinula sp. 2, right valve; D, Darwinula sp. 1,
left valve.

E-F, Fossil Kovalevskiella sp., 2, Pontian, from Bolgrad,
carapace: E, dorsal view; F, lateral view.

Fossil Candoninae which could belong to groups
with Recent representatives are known from lacus-
trine Cretaceous sediments in China (Yun Sian et
al., 1978) and Mongolia (Szczechura, 1978).
Such species as Candona scopulosa Furtos (sensu
Yun Sian et al.) and Candona cf. fabaeformis
(Fischer) (sensu Szczechura) recall those of the
Recent living representatives of the genus Fabae-
formiscandona Krstic. As an example the Creta-
ceous candonine Candona altanulaensis Szczechura
& Blaszik, 1970, is illustrated here (figs. 4A-C),
from the Upper Cretaceous (Campanian) of the
Nemegt Basin, Mongolia. An evolutionary burst
in the diversification of the Candoninae is record-
ed in the Paratethys Basin during the Upper Mio-
cene and Pliocene (Mandelstam & Schneider,
1963; Stancheva, 1966; Krstic, 1972; Sokac,
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1972; Marinescu & Olteanu, 1975). The Cando-
ninae are presently widely distributed in the Hol-
arctic realm; among the European ostracod groups
it is the richest in species (Loffler & Danielopol,
1978).

Because of frequent parallel evolution in the
form of the carapace, many homeomorphic Can-
doninae exist, both fossil and Recent species. This
makes it difficult to identify and follow all the
phylogenetic lineages which exist in this very
diversified group of ostracods.

The representatives of the genus Candonopsis
are distributed on the main continents, with the
exception of Australia (see the list of species and
their geographical distribution in Danielopol,
1980a). Klie (1932) divided the genus Cando-
nopsis into three groups of species using the pecu-
liarities of the furcal claws. The European species
of Candonopsis have in common furcal claws with-
out conspicuous central teeth. One can divide the
six European Candonopsis species into two groups:
(1) C. kingsleii group (C. kingslesi (Brady &
Norman), C. parva Sywula, 1967, C. stammer:
Niichterlein, 1969, C. boxi Danielopol, 1978)
and
(2) C. trichota group (C. trichota Schifer, 1945,
C. thienemanni Schifer, 1945).

The C. kingslezi group has an elongated carapace,
very narrow in dorsal view (maximum width less
than 1/3rd of the carapace length), the dorsal and
the ventral margins slightly curved, the anterior
and posterior margins largely rounded. The male
clasping organs of the maxillar palp are short.
Candonopsis boui Danielopol, 1978 (see for a
detailed description Danielopol, 1980a) has been
found in the alluvial sediments of the river Tarn
near Albi in southern France (fig. 7). This is a
blind species with a rather short aesthetasc “Y”
(see table III) and an elongated, slightly triangu-
lar carapace.

The fossil species Candonopsis arida Sieber,
1905, has been found in Miocene lacustrine sedi-
ments in the Steinheimer Basin near Ulm in the
Federal Republic of Germany (see details in Lutz,
1965). Candonopsis cf. arida Sieber has recently
been described by Malz & Moayedpour (1973)
from the Miocene sediments (post-Aquitanian) of
Theobaldshof, near Tann-Rhon, south of Kassel,
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Fig. 6. A, Darwinula sp. A, 2, (Cueve del Aqua, Cuba), left valve inner view (star = inner ridge).
B, Darwinula boteai, @ (Mraconia Valley), carapace, ventral view (star = inner ridge; arrow = outer ridge).

Fig. 7. The geographical distribution of the Darwinula of the group pagliolii and of the hypogean species of the genus
Candonopsis: 1, Darwinula malayica; 2, Darwinula lundi; 3, Darwinula cuneata; 4, Darwinula pagliolii; S, Darwinula bo-
teai; 6, Darwinula sp. By 7, Darwinula sp. A; 8, Candonopsis boui; 9, Candonopsis putealis; 10, Candonopsis cubensis
(black stars = hypogean species; white stars = epigean species).
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Fig. 8. Darwinula of the group pagliolii. A-B, Darwinula sp. A, @, from Cueva del Aqua, Cuba: A, left valve; B, right

valve.
C-G, Darwinula sp. B, 9, from Oued Lebga, Tunisia: C, carapace, ventral view; D, right valve, posterodorsal side folded

due to the decalcification of the lamellar wall; E, antenna, general view; F, antennal exopodite; G, posterodorsal process of

the body (PDP) and furca (Fu).
The arrows indicate the external ridge and the star the inner ridge of the valves.
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in the Federal Republic of Germany.%) The cara-
pace shape of Candonopsis boui is similar to that
of Candonopsis cf. arida (figs. 4D, E). The length
is about 0.8 mm, the maximum height does not
exceed 1/2 of the carapace length. The posterior
margin is very rounded. From these data one can
infer that the Candonopsis species could have in-
habited the groundwatets since about the Lower
Miocene. The “maximum potential age” of a sub-
terranean Candonopsis could be more than 20 mil-
lion years (using the radiometric scale and strati-
graphic correlations of Rogl et al., 1978). These
data will probably be modified by the eventual
description of a new Candonopsis species occurring
in the Upper Oligocene deposits of Rhein-Hessen
(unpublished material deposited in the Sencken-
berg Museum, Frankfurt am Main).

e. Discussion

From these data I would suggest that there is little
chance of finding in the freshwater interstitial
habitats of Europe, representatives of some of the
dominant marine ostracod groups which flourished
during the Paleozoic and early Mesozoic. Theo-
retically one could expect to find in Europe repre-
sentatives of some of the dominant Mesozoic fresh-
water groups, viz. the cypridids of the group Cy-
prideinae and the Timiriaseviinae of the groups
Timiriasevia-Metacypris and Theriosynoecum (see
for details concerning these groups Sylvester-Brad-
ley, 1962, and Colin & Danielopol, 1980).

The data presented here show that in the case
of the freshwater interstitial ostracods there is no
evidence of any group which could colonize the
hypogean realm prior to the Lower Oligocene.
This means that we do not know of the existence
of interstitial ostracod groups of more than 30-40
million years old (using the radiometric time scale
published by Berggren & Van Couvering, 1974,
fig. 1).

The fossil ostracods are potential falsifiers of
the present statement, and future investigation on
Recent interstitial ostracods in Europe could pro-
8) The Candonopsis aff. kingsleii mentioned by Lienenklaus
(1905: 21) in the Hydrobia obtusa beds (Lower Miocene)
near Wachenbuchen (Hessen, F.R.G.) has closer affinities

with C. arida than with C. kingsleii (Malz & Moayedpour,
1973, and Malz, pers. comm.).
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Fig. 9. The distribution of Darwinula boteai (triangle) and
Darwinula sp. 2 (dot) and the paleogeography of the Euxi-
nic (E) and Dacian (D) basins in the Upper Dacian, Plio-
cene (after Gillet, 1961).

duce new evidence of “living fossils” closely re-
lated to Paleozoic and Mesozoic ostracod groups
now extinct in surface waters. This situation is,
amongst the Crustacea, virtually unique to the Os-
tracoda, since they are the only group to enjoy a
good fossil record and are thus able to provide
valuable information concerning the problem of
the antiquity of the European interstitial fauna.

III. THE MARINE REGRESSION MODEL

a. Preamble

It has been known since the early stages of the
development of biospeleology that present fresh-
water animals living in hypogean habitats origi-
nated from surface marine forms. Viré (1899)
was among the first to notice that the cave sphae-
romids in southeastern France are distributed in
the vicinity of the shores of a Tertiary sea. Further
investigations by Racovitza (1910), Hubault
(1938) and Chappuis (1943) corroborated the
idea that the actual distribution of many fresh-
water subterranean animals superimposed on pa-
leogeographical maps can give us clues to the
antiquity of these animal groups.

In describing Microcharon acherontis, Chappuis
(1943: 231) explains clearly how the age of this
isopod, found in Transylvania, can be evaluated
through the reconstruction of the paleogeography
of central Europe: “Microcharon ist, wie aus seiner
Verwandtschaft unzweifelhaft hervorgeht, mari-
nen Ursprungs. Die Art lebte wahrscheinlich in
dem Sande der sarmatischen Meere, die einen
groBen Teil Mitteleuropas bedeckten. Zu Anfang
des Pliozins verschwanden diese Meere oder siif3-
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ten aus. Microcharon wurde dadurch Siifiwasser-
bewohner, und als die Seen, die die ungarische
Tiefebene und einen groflen Teil der Balkan-
Halbinsel bedeckten, verschwanden, blieb die Art
in den Sand- und Schottermassen der einmiinden-
den Tiler.”

The geographical distribution of Troglochaetus
beranecki (Archiannelida), of Chappuisius (Har-
pacticoida), of Desmoscolex aguaedulcis (Nema-
toda), of amphipods belonging to the genera In-
golfiella and Bogidzella, of isopods, microparasel-
lids, stenasellids, cirolanids, in inland areas which
have been once Tertiaty seas, have often been men-
tioned as examples of archaic subterranean animals
in textbooks (Thienemann, 1950; Delamare De-
boutteville, 1960; Vandel, 1965) or in reviews
(Chappuis, 1956; Vandel, 1962; Husmann, 1962,
1978; Noodt, 1968).

Stock, in a series of papers (1976-1979), pro-
duced new evidence for the correlation between
the present distribution of subterranean Crustacea
and old paleogeographical configurations of land-
masses. He showed that in the case of the Ther-
mosbaenacea, Microparasellidae, some cirolanids,
mysids, and atyids, the present distribution fits in
well with the distribution of the landmasses exist-
ing during Tertiary regressive periods (common-
ly those of the Miocene). He called (1977b: 8)
this biogeographical pattern of distribution the
Regression Model (“During the various regres-
sions, several marine littoral species ‘stranded’,
were uplifted, and got adapted to mixohaline or
limnic conditions. This way of origin of certain
inhabitants of the inland waters may be called the
Regression Model.”).

b. Initial assumptions

To fit present geographical distributions of inland
subterranean animals with a marine origin to past
configurations of the landmasses, one has to admit
as an initial assumption the low mobility of the
animal groups involved (see for a discussion
Sneath & McKenzie, 1973; Banarescu & Boscaiu,
1978).

Ruffo, who recently reviewed the data on the
geographical and ecological distribution of the
amphipod bogidiellids, remarked (1973: 75) that
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one can distinguish between two groups of inter-
stitial species: one group “localized in regions cor-
responding to Tertiary seas far from the actual
coastal lines . . ."”” which colonized the subterranean
inland waters before the Quaternary period and a
second group which is presently distributed in
supra-litoral interstitial habitats. Tilzer (1968,
1973) and Magniez (1974, 1978b) showed that
representatives of the genera Troglochaetus (Ar-
chiannelida) and Stenasellus (Isopoda) are dis-
tributed in areas which were glaciated during the
Quaternary (the Alps and the Pyrenees). This im-
plies that the freshwater interstitial fauna spread
actively in these areas during the Late Pleistocene
and Holocene. Some Bathynella (Syncarida) and
Parastenocaris (Harpacticoida) species (Husmann,
1973, 1975; Enckell, 1969) display a similar bio-
geographical pattern.

This proves that the mobility of some of the
subterranean animals is much higher than is com-
monly accepted. This difficulty was also encoun-
tered by Birstein & Ljovuschkin (1965: 318, 319)
when they tried to find the antiquity of the aquatic
fauna of some Central Asiatic caves (“Geological
data do not permit one to consider this fauna as a
relict of any of the Tertiary seas ... We can either
admit a far greater antiquity of this fauna or an
ability of its components to disperse very widely
beyond the boundaries of marine transgressions.’")

c. The active migration model - an alternative to
the regression model

An alternative model can be opposed to the re-
gression model in order to explain the mechanism
of colonization of inland groundwater by marine
animals. This is the active migration model accord-
ing to which interstitial marine animals with a
higher degree of salinity tolerance could have
colonized the inland groundwater by and by as a
normal process of occupation of a free niche. This
means that the migration process is not restricted
to a definite period of time and that it is not
related to the uplift of the coastal shore followed
by the isolation of the marine fauna in brackish
and later in freshened aquatic habitats.

Ruffo (1973: 75) gives such an example for
the coastal interstitial bogidiellids (“. . . as a matter
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Fig. 10. A-H, Pseundolimnocythere hartmanni Danielopol, Aghios Georghios, Euboea, carapace structure: A, right valve,
general view, outer side (X 208); B, right valve, general view, inner side (X 200); C, left valve, inner side (X 200); D,
left valve, outer posterior side (X 400); E, right valve, posterior cardinal tooth (X 10,400); F, left valve, posterior cardinal
socket (X 2400); G, H, left valve, two sieve pores (X 10,400).

I, Mixtacandona pseudocrenulata (Schifer), Aghios Georghios, carapace (X 160).
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of fact it is possible to find, even today, littoral
interstitial species moving to the freshwater...”)
and Stock (1979: 83) discussing the dispersal
capacities of the ingolfiellids in the Carribean,
states: “I have no doubt, that certain members of
this group are still in the process of invading the
continental waters via the mixohaline interstitial
waters of sandy beaches . . ."”. Petrova (1974) pre-
sented new arguments for this model using the
limnohalacarids from Bulgaria. Kosswig and his
students showed experimentally that major changes
in the genotype of species which became troglo-
bites occurred after the break of the gene-flow
between the original populations and the subterra-
nean ones (Kosswig, 1960; Peters & Peters,
1973). Based on this observation, it seems to me
that the regression model could better explain the
origin of many groundwater animals of marine
origin which now live in freshwater habitats, than
can the active dispersion model. But once again
one has to notice that we need more information
about the animals which are in the first stages of
specialization to life in inland groundwater.

In the following I shall present two concurrent
hypotheses using the regression model from which
one could infer the antiquity of the cytherid ostra-
cods belonging to the genus Psexdolimnocythere.
I shall also propose several possibilities by which
additional information could be obtained which
might invalidate one or the other of these hypo-
theses.

d. Tbhe interstitial ostracods of the genus Pseudo-
limnocythere Klie - morphology and system-
atics

Klie (1938a) erected the genus Psexdolimnocy-
there for a species (Ps. hypogea) found in
groundwater in southern Italy (wells in Bari,
Murge area, and two caves near Lecce in the
southern Puglia area, fig. 12). The origin and
affinities of this genus remained obscure for a
long time. Klie (1938a), Hartmann & Puri
(1974), and Hartmann (1975) showed that this
form of cytheracean could have affinities either
with the marine Cytheridae and Loxoconchidae or
with the freshwater Limnocytheridae. The dis-
covery of two other species of Pseudolimnocythere,
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one in a well fed by fresh water on the north-
western coast of Euboea Island, Village Aghios
Georghios, Greece (figs. 12, 13, 14), and the
other one in the Skuljica Cave, on Krk Island,
Yugoslavia (fig. 12), as well as the investigation
of marine interstitial cytherids having close affin-
ities with Psexdolimnocythere allow me to present
the following data.

The genus Pseudolimnocythere is closely related
to the marine interstitial group of Tuberoloxo-
concha Hartmann, 1974. Both have carapaces with
a rectangular shape, small sieve pores, the external
face of the carapace being ornated with fossae and
the hinge is smooth henodont (figs. 10, 11, 20G).
The antenna has two distal claws (fig. 21C), the
maxillular respiratory plate with one marginal
aberrant seta (fig. 21E). The furca has 2 (3) dis-
tal setae (fig. 21G). In this complex of charac-
teristics, the representatives of these two genera
belong to the Loxoconchidae (superfamily Cythe-
racea). Within this family they form a definite
phylogenetic lineage called the subfamily Pseudo-
limnocytherinae (Hartmann & Puri, 1974).

The Loxoconchidae are a marine cytherid group
having about 150 Recent and 300+ fossil species
divided into 15 genera (Hartmann, 1975). Rep-
resentatives of this family are known since the
Triassic. During the Upper Cretaceous a large
number of species occurred (Whatley & Stephens,
1976). The radiation continued during the Ter-
tiary. This group lived in littoral and sublittoral
habitats. A Loxoconcha species (L. helgolandica
Klie, 1929) is known from a brackish-water inter-
stitial habitat on the Island of Helgoland (Klie,
1929). The Pseudolimnocytherinae are loxocon-
chids adapted to life in interstitial habitats. The
carapace has thin calcareous valves, the hinge is
reduced to a central smooth bar and a posterior
tooth. The eye tubercles on the carapace are mis-
sing and no pigmented eyes have been noticed.
The length of the carapace is reduced to 0.3-0.4
mm. The surface littoral and sublittoral Loxo-
conchidae have mainly strong amphidont, mero-
dont, or gongylodont hinges, heavy calcareous and
ornated carapaces with the eyes and eye tubercles
well developed. The length of the carapace is
generally medium large, 0.5-0.7 mm (Hartmann,
1975).
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Fig. 11. A-F, Pseudolimnocythere sp., Skuljica cave, Krk Island: A, carapace, right side (X 176); B, right valve, general view,
inner side (X 176); C, left valve, inner side (X 176); D, left valve, outer posterior side (X 440); E, right valve, posterior
cardinal tooth (X 440); F, left valve, sieve pore (X 17,600).

G-J, Tuberoloxoconcha n. sp., Marina di Orosei, Sardinia, right valve: G, outer side (X 240); H, I, two sieve pores (X
4400); J, posterior cardinal socket (X 880).
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The genus Txberoloxoconcha has only marine
interstitial representatives. T. tuberosa (Hartmann,
1953) is spread in the supralittoral interstitial
habitats in the South of France and Italy as well as
in the littoral of the northern Adriatic coast (Uf-
fenorde, 1972).

T. nana Marinov, 1962, lives in marine intersti-
tial habitats of the Black Sea, Bulgarian and Ro-
manian coasts (Caraion, 1967) and in the Azov
Sea (Schornikov, 1969). Two undescribed species
belonging to this genus exist: one on the Atlantic
coast of North America, Nahant, Massachusetts
(Hartmann, unpublished) and a second in the
Mediterranean in a lagoon near Marina d’Orosei,
eastern coast of Sardinia.”)

The species of the genus Psexdolimnocythere
which I have investigated differ from those of
Tuberoloxoconcha in the following: The sieve
pores of Ps. hartmanni Danielopol (figs. 10G, H)
and Psendolimnocythere sp. (fig. 11F) are situated
in a small groove instead of on the outer ring or
directly on the carapace surface (Tuberoloxocon-
cha tuberosa, Tuberoloxoconcha n. sp. from Sat-

7) The material of Twuberoloxoconcha n. sp. from Sardinia
has been deposited with the whole collection N. Coineau in
the Biological Station of Naples.
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dinia — figs. 11H, I); the posterior hinge tooth
and socket are larger than in T. tuberosa and the
two undescribed Tuberoloxoconcha species (see
figs. 10B, C, F, and 11B, C, E, J); the 6th anten-
nular segment (the distal one) is longer than the
2nd and also than the 3rd + the 4th segment in
Ps. hypogea and Ps. bhartmanni (fig. 21A) as com-
pared to those of T. tuberosa, T. nana and the two
undescribed Txberoloxoconcha species (fig. 22H).
In Ps. bartmanni Danielopol the inner sclerified
framework which sustains the walking legs (fig.
21G) is formed by simple distal bars joined to a
complex proximal bar system. The anterior cell is
open. The two undescribed T#beroloxoconcha spe-
cies that I investigated have a closed anterior cell
between the proximal bars (fig. 22I).

e. First hypothesis
The Psendolimnocythere species penetrated in-
to the inland subterranean waters during a
Pleistocene regressive phase.

The species of the genus Psexdolimnocythere ate
located near the present shore lines of the Medi-
terranean. Ps. hypogea has been found in the
Grotta Abisso cave which opens to the sea, Psex-
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Fig. 12. The geographical distribution of representatives of the Pseudolimnocytherinae in Europe: 1-3, Tuberoloxoconcha tu-
berosa; 4, Tuberoloxoconcha n. sp.; 5-9, Tuberoloxoconcha nana; 10-11, Psendolimnocythere hypogea; 12, Psendolimnocythe-
re hartmanniy 13, Pseudolimnocythere sp. (see also details in text).
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Aghios Georghios

C.Likhada

N.Euboean Bay

Fig. 13. The northwestern part of Euboea Island and the
location of the wells where Mixtacandona psewdocrenulata
(triangle) and Pseudolimnocythere hartmanni (square) have
been found.

dolimnocythere sp.8) in the Skuljica cave, in the
upper part of a 30 m cavity which opens to the
northern Adriatic, on Krk Island, and Ps. hari-
manni in a well located at 19 m from the sea shore
on Euboea Island (fig. 13). As during the Pleis-
tocene several regressive and transgressive phases
took place (Pomerol, 1973), one should hypothe-
size that Pseudolimnocythere became adapted to
the coastal freshwater habitats during one of the
Pleistocene regressive phases.

The extension and the shape of the Euboean
coasts (fig. 13) varied during the Pleistocene. In
the Villafranchian, for instance, the northwestern

8) The material is deposited at the Limnological Institute,
Vienna. Dr. Moog found repeatedly (1977, 1978) only cara-
paces and valves (no living specimens) in two pools in the
last part of the cave which is fed with fresh water from the
upper part of the karstic system. In the samples collected in
1978, Moog found beside Pseudolimnocythere sp. also a
valve of Limnocythere sp. (det. D. L. Danielopol) and several
specimens of the amphipod Niphargus sp. (gr. tauri) (det.
B. Sket, Ljubljana). In the first part of the cave which opens
to the sea only a marine fauna (foraminiferans and poly-
chactes) has been found. These data suggest that the living
Pseudolimnocythere should be located somewhere deep in the
karstic system of Krk Island which is fed by fresh water, Its
presence in the Skuljica cave near the sea coast is obviously
due to a drift effect most probably during the rain periods
and high waters in karst.
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coast of Euboea was connected with the mainland
(Psarianos & Thenius, 1953). Later this area was
most probably flooded as marine Quaternary sedi-
ments are registered in the Zarka Valley on the
eastern coast of Euboea at about 10 m altitude
(Guernet, 1971). Liittig & Steffens (1976: 47)
noticed that during the Pleistocene “the most radi-
cal changes in the Aegean area occurred during
Tyrrhenian. Large regions in the Central and
Northern parts foundered and were flooded by the
sea.” After this period a new regressive phase oc-
curred.

f. Second hypothesis
The Pseundolimnocythere species penetrated in-
to the inland subterranean waters during the
Upper Miocene - Lower Pliocene regressive
phase. '

The Recent freshwater Psexdolimnocythere could
have originated from the marine interstitial Pseu-
dolimnocytherinae which lived in the Tethys or the
Paratethys before the Pleistocene. The marine
“Pseudolimnocythere” could have colonized the
oligohaline and freshwater habitats during the Up-
per Miocene (the Messinian) when a strong ma-
rine regression (fig. 14) occurred in the Mediter-
ranean area (Hsii et al., 1977). This means that
the freshwater Psexdolimnocythere could be not
older than 5-6 million years. The marine intersti-
tial “Psendolimnocythere” disappeared during the
Messinian salinity crisis in the Mediterranean
realm and the present Tuberoloxoconcha species
in the Mediterranean might belong to an ostracod
group which penetrated from the Atlantic Ocean
after the reopening of the Iberian Portal in the
Pliocene (see more details in Benson, 1975, for
the Neogene history of the “mediterranean” ostra-
cods).

A variant of this hypothesis would be that the
marine ancestor of the current Psexdolimnocythere
lived in the Paratethys during the Miocene-Plio-
cene. Hsii (1978a, 1978c) postulated that the
Paratethys during the Messinian flowed in the
desiccated Mediterranean through one or several
channels that existed in the Balkan area (fig. 15),
e.g. through the Morava-Vardar Valleys. The re-
gression of the Paratethys and the subsequent
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severance of its marine connection with the Medi-
terranean during the Lower Pliocene could have
determined the penetration of Pseudolimnocythe-
rinae species into freshwater subterranean habitats.
Such a mechanism has often been postulated for
the Recent hypogean fauna living in the Balkans
and central Europe (Codreanu & Balcescu, 1970;
Straskraba, 1972; Botosaneanu, 1978; Hsii, 1978).

8. Discussion

If we are to accept the first hypothesis, a Pleisto-
cene age of the Psexdolimnocythere group and the
subsequent initial assumption that the marine im-
migrants remained located near the Mediterranean,
one should also expect to find strong morphologi-
cal similarities between the Psexdolimnocythere
and the Tuberoloxoconcha species. In fact we have
seen that there are notable differences (see for
instance the differences referring to the length of
the antennular segments, to the sieve plate shape
of the carapace pores, to the shape of the posterior
hinge tooth). '

An opposite situation applies to the Mediterra-
nean and the Black Sea Tuberoloxoconcha species.
Tuberoloxoconcha nana from the Black Sea shows
close affinities with the Mediterranean species
(T. tuberosa), see the shape of the hemipenis and
the length of the antennular segments in Hart-
mann (1953), Marinov (1962), Caraion (1967),
and Schornikov (1969).

It is highly probable that T. mana penetrated
into the Black Sea during the Late Pliocene or
early Pleistocene when the connection with the
Mediterranean opened in the Bosphorus (Gillet,
1961; De Lattin, 1967). The colonization of the
Sea of Azov by T. nana could have only occurred
after the Wiirm glacial period. During the Wiirm-
ian the Black Sea suffered a strong regressive
phase which desiccated the Azov basin (see the
paleogeographical situation in De Lattin, 1967,
fig. 48).

An alternative situation could be that the pres-
ence of Pseudolimnocythere species in coastal in-
land waters (fig. 12) is conjectural as these spe-
cies also live in deep inland or could represent a
secondary colonization of the coastal areas in later
time (e.g. post-Pliocene) from some “Hinterland”
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area. This seems to be for instance the case in the
ostracod Mixtacandona psendocrennlata (Schifer)
in Greece. This species has been recorded (Schi-
fer, 1945) from several wells near Larisa about
40 km remote from the sea on the mainland (fig.
14) and I found it (Danielopol, 1980b) in five
wells around the village Aghios Georghios on the
northern coast of Euboea Island (fig. 13) at less
than 200 m from the seashore. This part of the
Euboean lowland (less than 10 m altitude) was
most probably flooded during the Pleistocene, as
discussed above; so we have to accept that the
recolonization of the northern coast of the island
occurred in recent times.?)

The discovery of Psexdolimnocythere species far
inland would corroborate the idea that this ostra-
cod group could periodically migrate into coastal
groundwater habitats. This implies that the initial
assumptions would be contradicted and that the
Pleistocene hypothesis should be revised.

Sket (1977) showed that the amphipods be-
longing to the genus Niphargus found in mixo-
haline waters along the Adriatic coast can survive
there because of their salinity tolerance. Their pres-
ence in the coastal brackish groundwater is the
result of recent geological events. Such species as
Niphargus hebereri and N. hvarensis are widely
distributed in Dalmatia, on the mainland and
island coasts. This distribution does not reflect a
recent migration from the sea but the fragmenta-
tion of a primitive continental area due to the
present marine transgressive phase of the Mediter-
ranean,

From these data we can conclude that there are
not enough arguments to accept or to reject a
Pleistocene age of the continental Psexdolimnocy-
there species.

There are several arguments for the second hypo-
thesis, too:

(1) the morphological differences between the
Psendolimnocythere and the Tuberoloxoconcha
species mentioned above,

9) A similar pattern could apply to the interstitial amphipods
Ingolfiella (Gevgeliella) petkovskii and Bogidiella skoplen-
sis which are known from Yugoslavia (near Skopje) and
southwestern Bulgaria and which occur also in the coastal
area of Euboea (Bou, 1975; Danielopol, 1980b).
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(2) the paleogeography of the Tethys and Para-
tethys during the Upper Miocene and Lower Plio-
cene,

(3) a Tuberoloxoconcha species lives today on the
western coast of the Atlantic Ocean,

(4) during the Messinian salinity crisis an obvious
change is recorded in the ostracod faunal associa-
tions (Benson, 1975).

In the following I shall develop these argu-
ments:

Through the closing of the communication
with the Atlantic, the proto-Mediterranean area
underwent in the Upper Miocene a strong regres-
sive phase with strongly evaporative conditions
(Hsii et al., 1977). The sea level dropped by more
than 1000 m, as compared with the present sea
level (Ryan, 1976; Ryan & Cita, 1978). In the
non-desiccated ‘part of the basin, lagoons remained
where evaporites were deposited. During this pe-
riod (the event occurred about 5.5 million years
ago, according to Berggren & Van Couvering,
1974) many representatives of the Miocene ostra-
cod groups disappeared (Sissingh, 1972; Benson,
1976). It is possible that due to the evaporative
conditions (deposition of gypsum, anhydrites, car-
bonates or hypersaline waters) the supra- and sub-
littoral interstitial habitats were adversally affected
and their ostracod fauna destroyed. Bate (1971)
showed that in the Abu-Dhabi lagoon with similar
evaporative conditions no interstitial ostracod
could be found. It is, therefore, not unplausible
that some pseudolimnocytherids could on the one
hand survive in the outlet of springs, in the inter-
stitial habitats of deltaic areas as well as in the
inland coastal groundwater, on the other hand
became extinct in the hypersaline environment like
Sabkha.

Guernet (1971 and pers. comm. ) presumes that
during the Upper Miocene in the Central Aegean
area, for short periods of time a marine arm occut-
red, which could be called the pre-Aegean Sea
(fig. 14).

The colonization of the continental area near
Euboea Island could have happened during the
regression of the pre-Aegean Sea. If one accepts
such an event, the present distribution of Ps. hart-
manni near Aghios Georghios will be the result of
an active dispersion through the continental

Fig. 14. The eastern part of the Mediterranean area with the
pre-Aegean Sea in the Upper Miocene (after Guernet, 1971).
Present geographical distribution of Mixtacandona pseudo-
crenslata (triangle) and Psewdolimnocythere hartmanni
(square).

groundwater (see fig. 14) just as this could be the
case for Mixtacandona pseudocrenulata, mentioned
above. A new invasion of ostracods in the Medi-
terranean happened during the Pliocene when a
new connection from this basin opened to the At-
lantic. Ruggieri (1971) showed that several psy-
chrophilous cytherids penetrated into the Mediter-
ranean from the Atlantic during the Pleistocene.

Coineau (1971) showed that the marine inter-
stitial isopod Microcharon marinus differs mot-
phologically from those members of the same ge-
nus living in inland fresh water of Europe. Micro-
charon marinus is distributed along the Atlantic
coast of Portugal and in the Mediterranean on the
coasts of Morccco, France, Italy, Corsica, and Sar-
dinia.

At present there is no evidence that freshwater
Pseudolimnocythere could be derived from a Para-
tethys interstitial form. This hypothesis, however,
could be verified by trying to find pseudolimno-
cytherids in the areas occupied by the Paratethys
in the Miocene and Pliocene (fig. 15). The dis-
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Fig. 15. The paleogeography of the Paratethys in the Upper
Miocene - Lower Pliocene (after Senes & Marinescu, 1971;
Steininger et al., 1976; Steininger & Papp, 1979). The arrows
indicate hypothetical connections to the Mediterranean (after
Hsii, 1978c¢).

covery of pseudolimnocytherids in the Balkan area
and in central and/or eastern Europe around the
central and eastern Paratethys and around the Mo-
rava-Vardar hypothetical connecting channel be-
tween the Paratethys and the Mediterranean (fig.
15) would be an argument for the Mio-Pliocene
antiquity of the freshwater interstitial ostracods of
this group but will not necessarily prove that they
originate from the Paratethys unless one can dem-
onstrate morphological affinities with some os-
tracod groups that existed exclusively in this
area.19)

Cvetkov (1975) who recently analyzed those
elements of the groundwater fauna of Bulgaria
with marine origin, could not find any example
of paratethyan species which could survive in the
freshwater subterranean habitats. Sket (1970)
showed that the geographical distribution of iso-
pods of the genus Monolistra in Slovenia is not
related to the present-day drainage systems. Their
distribution is related to the Pliocene watersheds.

10) The fossil Darwinula and Kovalevskiella species from the
Miocene and the Pliocene of the Paratethys which show
similarities with the Recent subterranean dwellers of these
groups (see previous sections) do not prove that the Recent
hypogean living species D. boteai Danielopol and various
Kovalevskiella originate from the Paratethys. This is due to
the fact that representatives of these two groups live also in
surface freshwater habitats, as documented by fossil and living
material.

We have seen that Kovalevskiella caudata Lutz occurted in
a lacustrine habitat (Lutz, 1965) during the Miocene and all
the Darwinula species of the group pagliolii are freshwater
dwellers. Therefore it is also possible that the Darwinula and
Kovalevskiella species penetrated the hypogean realm from
a freshwater surface habitat like running waters (for a dis-
cussion see also Danielopol, 1977).
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For Sket the presence of this originally marine
group in deep inland areas of Yugoslavia is an
argument that they are old, ante-Pleistocene, im-
migrants coming from surface freshwater basins.

For the ostracods of the genus Psexdolimnocy-
there the discovery of fossils will be of invaluable
help in solving the antiquity problem.

New investigations should be done in central
and southeastern Europe in order to find other
freshwater Psexdolimnocythere and on the eastern
Atlantic coast, to find marine Tuberoloxoconcha.
Only in this way we could corroborate one of the
two concurrent hypotheses and thus strengthen the
regression model.

IV. THE CLIMATIC REFUGIUM MODEL
a. Preamble

Racovitza (1907) suggested that many of the Re-
cent subterranean animals are relicts of ante-Qua-
ternary taunas. Stammer (1936: 1055) gave a
clear definition of the climate refugium hypothe-
sis: “Wir finden in den Hohlengewidssern Mittel-
und Siideuropas, sowie des ganzen Mediterran-
gebietes aullerordentlich zahlreiche Tierarten, die
wir als Relikte einer tertidren SuiBwasserfauna be-
trachten miissen. Teils sind es wirkliche Siilwas-
serbewohner, zum groflen Teil handelt es sich um
marine Einwanderer, denen das tropische Klima
des Alttertiirs eine Einwanderung in das Sif-
wasser ermoglichte. Sie alle zogen sich bei der
Verschlechterung der Lebensbedingungen gegen
Mitte oder Ende des Jungtertiirs in die Hohlen-
gewisser mit ihren gleichmifligen Lebensbedin-
gungen zurick und blieben uns so hier erhalten.”

Considering the aquatic animals, Chappuis
(1927, 1933) showed that the representatives of
the copepod genera Speocyclops, Graeteriellat),
and Elaphoidella are found in Europe mainly in
groundwater habitats. In the tropical countries,
there are related species which live only in epigean
habitats. This pattern suggested to Chappuis that

11) Chappuis (1927) discussed the affinities of the troglo-
bites Cyclops unisetiger and Cyclops troglodytes. These spe-
cies nowadays are included in the genera Graeteriella and
Speocyclops.
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the representatives of these groups were widely
distributed in European surface waters during the
Tertiary, but that they took refuge in groundwater
habitats at the end of the Pliocene, due to the
drastic deterioration of the climate. Other similar
examples can be found in Fage (1931), Jeannel
(1943), Orghidan (1955), Chappuis (1956),
Borutskii (1964), Vandel (1965), Codreanu &
Balcescu (1970), Delamare Deboutteville & Boto-
saneanu (1970), etc.

b. Initial assumptions

The climatic refugium model can be used for the
determination of the age of a subterranean group
only if one accepts two initial premises:

(1) that any species of a given group did not in-
habit subterranean habitats during mild climatic
periods,

(2) that species of a group should be specialized
within narrow limits to their niche, therefore
making difficult a further adaption to the drastic
climatic changes in Europe during the Late Neo-
gene, so that they took refuge in the groundwater.

c. The Darwinula of the group pagliolii (fig. 7)

In the previous chapter I defined this group of
species morphologically. T shall now present the
ecological distribution of the seven Recent and one
fossil Darwinula species and 1 shall try to check
if there is any evidence to say that the presently
interstitial species Darwinula boteai Danielopol
originates from an epigean Darwinula which
sought refuge in groundwater due to the climatic
deterioration which occurred at the end of the Plio-
cene and/or during the Pleistocene in Europe (see
details on the climate evolution during the Late
Neogene and Quaternary in Berggren & Van Cou-
vering, 1974; Frakes, 1979).

Darwinula malayica Menzel, 1920, occurs in
Tjipanas, Java, in Lake Ranau and Lake Bedali,
Sumatra (Klie, 1932). In West Africa (Ivory
Coast) it has been found in the algae covering
crevices of the stony bottom of a stream near
Touba (Klie, 1935). D. /undi Neale & Victor,
1978, has been collected from a sandy river bank
with coarse gravel in the province Sabaragamuwa
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in southern Sri Lanka (Neale & Victor, 1978).
D. caneata Klie, 1939, occurs in mosses of a spring
near Nairobi, Kenya (water temperature 29 °C)
and in the swamps of the Athi River (Klie, 1939).
D. pagliolii Pinto & Kotzian occurs near Porto
Alegre, Brasil, “in the ponds along the border of
a stream linking two lagoons and frequently flood-
ing it” (Pinto & Kotzian, 1961). From fig. 7 one
can see that these four epigean species occur in
tropical and subtropical areas. D. malayica of Java
and Sumatra and D. /und: of Sri Lanka inhabit a
wet equatorial area with rain at all seasons.12)
D. caneata and D. malayica in Africa, occur in
areas with a tropical wet-dry climate (tropical rain
savanna climate, with dry season). D. pagliolii
lives in a humid subtropical area.

Darwinula sp.A from Cuba was collected in a
cave in the province of Camaguey, named Cueva
del Aqua (Botosaneanu, 1970). A great number
of females and juveniles live in a “lago phreatico”
(water temperature 22.4 °C). The Cuban climate
is of the tropical wet-dry type. Another Darwinula,
sp.B, belonging to the group pagliolii was found
in subsurface waters of alluvial sediments of the
Oued el Lebga and the Oued Delma in north-
western Tunisia, Medjerda catchment area, near
Ain Draham. The climate is of the mediterranean
type with dry summers and wet winters (Berthé-
lemy, pers.comm.). Darwinula boteai Danielopol
was found by Botea in 1968 in alluvial sediments
of the Mraconia stream near its confluence with
the Danube (Jud. Caras-Severin), southwestern
Romania (fig. 9). I collected this species one year
later in the same area, which suggests that this dar-
winulid permanently lives in groundwater (Danie-
Jopol, 1970a). The climate in this area is of the
humid continental type.

The fossil species Darwinula sp.2 from Valea
Budureasca was found in Pliocene (Upper Da-
cian) sediments of the Paratethys (fig. 9). This
species has not been found by Hanganu (in Han-
ganu & Papaianopol, 1977) who studied the Up-
per Dacian ostracods from this locality. From the
paleogeographical maps of Senes & Marinescu,

12) Cf. “The distribution of the climates in the modern
world™ by Strahler, 1971, reprinted in Raup & Stanley, 1978,
fig. 12-7.
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1971, it would appear that the waters of the Da-
cian basin in the Prahova area suffered a reduction
in salinity during the Pliocene. The ostracod asso-
ciation described by Hanganu is of the euxini-
brackish type, i.e. mesohaline to oligohaline salin-
ity (see also Senes & Marinescu, 1971). The Dar-
winula species are not typical Paratethyan elements
like the Candoninae of the group Caspiolla, Baku-
nella, Pontoniella, etc. or like some cytherids of the
genera Loxoconcha, Cyprideis and Leptocythere,
mentioned by Hanganu.

- The presence of darwinulids in oligohaline and
mesohaline waters has been recorded several times.
For instance, Keyser (1977) showed that Darw:-
nula stevensoni Brady & Robertson and D. furcab-
dominis Keyser in S.W. Florida are most abundant
in beta-oligohaline waters (0.5-3 % salinity) but
they also occur in waters with higher salinities (up
to 12 %e).

The evolution of the climate in the eastern Pa-
ratethys and in the southern Carpathians area
where Darwinula sp.2 and Darwinula boteai have
been recorded seems to have followed the general
trend of cooling which was recorded all over
Europe during the Late Pliocene (Betggren & Van
Couvering, 1974; Frakes, 1979). For the western
Carpathians of Slowakia, Planderova (1974)
showed that in the Late Pliocene the climate was
“mild-warm”, in contrast to the Early Pleistocene
which was “mild-cool”. For the southwestern part
of the Black Sea, sites 380 and 381 of the Deep-
Sea Drilling Project, Hsii (1978b) showed that
during the Pliocene there was a permanent climatic
change from warm conditions to cooler ones. The
glacial conditions as indicated by the “Steppe in-
dices” occur for the first time in the Lower Pleis-
tocene sediments (the glacial stage alpha).

d. Discussion

From the data presented above we may obviously
not infer that Darwinula boteai originates from an
epigean Darwinula which took refuge in ground-
water due to the climate changes which took place
in the Late Pliocene and during the Pleistocene.
The presence of Darwinula sp.A in a subterranean
habitat in the tropical conditions of Cuba contra-
dicts the basic assumptions of the climatic refu-
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gium model; it shows us that the cooling trend of
the climate is not a prerequisite for the presence
of Darwinula in groundwaters.

Another Darwinula species is known to occur in
tropical subterranean waters, ie. D. protracta
Rome from the Tsebahu Cave in Zaire (Rome,
1953). The ecological distribution of D. malayica,
D. lundi, and D. cuneata is interesting because it
shows a trend in these darwinulids to live in run-
ning waters with close connections to interstitial
habitats, viz. sandy bottoms, mosses, stony crevices.

From these observations one can speculate that
the colonization of European groundwater habitats
by darwinulids might also have occurred .ptior to
the deterioration of the Plio- and Pleistocene cli-
mate.

Is low temperature really the master factor
which determined the refugial migration, in this
case? We have no idea about the lower limits of
the temperature tolerance of the Darwinula of the
group pagliolii. An alternative climatic factor
could be increasing aridity during warm stages.
This explains, for instance, the presence of Dar-
winula sp.B in the alluvial sediments in the Aim-
Draham area, northwestern Tunisia, where the
summers are very dry. During the Late Miocene
(Upper Pontian) in central Europe, around the
Paratethys there was a change of climate from
wet-temperate to dry-temperate (Steininger &
Papp, 1979). During such a dry phase an epigean
Darwinula theoretically could easily migrate to an
interstitial habitat when the surface running waters
desiccated. Finally, one has to note that unless a
causal answer to the question of the limiting fac-
tors of the Darwinula of the group pagliolii can be
found, we cannot fulfil the second assumption of
the climatic refugium model stated above.

From these data I will conclude that the climat-
ic refugium model as it was presented by Stam-
mer or Chappuis is an unsatisfactory tool to deter-
mine the age of the subterranean ostracod D. bo-
teai. Is this an exceptional case? I suspect that it is
not. For instance, Petkovski (1973) described
several new Elaphoidella species from tropical
caves in Cuba. This means that, even in the classic
example of Chappuis, we find a similar weakness
of the hypothesis as mentioned above for Darwi-
nula. We obviously need supplementary informa-
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tion to strengthen or refute the climatic refugium
model. For instance, we need data about the first
stage in the specialization of the ostracods to sub-
terranean life. How and when does an epigean
species become a troglophile and eventually a trog-
lobite?

V. RACOVITZA’S RULES
a. Preamble

In his “Essai sur les problémes biospéologiques”,
Racovitza (1907) shows that subterranean biotas
are very heterogeneous, each taxon having its own
history. Subsequently the age of cavernicoles (as
indicated by the time spent by a taxon in subterra-
nean habitats) is highly different. Racovitza pro-
poses four rules to approximate the relative age of
cavernicoles, viz.:

1. Organisms living indifferently in caves and
surface habitats are “young” hypogeans.

2. Cavernicoles strictly inhabiting cave habitats,
but having close relatives in surface habitats,
are relatively “young” hypogeans.

3. Troglobites having a wider geographic range
than their closest epigean relatives, are “old”
hypogeans.

4. Troglobites whose closest relatives live in a
different type of habitat are also “old” hypo-
geans.

Jeannel (1943) called the “young hypogeans” neo-

troglobites and the old ones paleotroglobites. A

similar classification has been proposed by Motas

(1962) for interstitial water mites; by analogy the

younger immigrants are called neophreatobites and

the older paleophreatobites. The first two rules are
also used by Vandel (1965) to estimate the age of
cavernicoles.

The 1st rule of Racovitza will not be considered
here as it refers to epigeans or troglophiles. Else-
where (1980c) I showed that at present it is diffi-
cult or even impossible to identify a troglophile
ostracod with incipient morphological and biolog-
ical specializations to subterranean life. Consider-
ing the 2nd rule, the ostracods of the genera Psex-
docandona and Candonopsis could probably fit in,
but more investigations are necessary; see for dis-

2n

cussion Danielopol (1980c). The 4th rule applies
to an ostracod genus, Danielopolina Kornicker &
Sohn (Thaumatocypridacea), where a species lives
in a cave in Cuba (Danielopol, 1976¢) and the
closest relative D. carolynae is a deep-sea dweller
(Kornicker & Sohn, 1976). There are no such
examples among the European ostracods with
freshwater interstitial representatives. In the fol-
lowing, I shall discuss only Racowitza’s 3rd rule
because one ostracod group, the genus Cryptocan-
dona (Candoninae) could fit in with it.

b. Initial assumptions

Racovitza (1907) seems to have adopted for his
3rd rule, as an initial premise, the existence of a
direct relationship between the age of a group and
the range of its geographical distribution; older
groups theoretically spread over larger areas than
younger groups. Furthermore, these older groups
became extinct in surface habitats but continued to
live in the subterranean environment over larger
areas. The first part of this premise recalls the
concept of “age and area™ (Willis, 1922). Cox,
Healey & Moore (1976) critisized this concept
showing that the spreading of an organism de-
pends on a complex of physical and biological fac-
tors, and, therefore, it is practically impossible to
identify a direct relationship between the age and
the area variables. However, recent investigation
on subterranean Crustacea with 2 world-wide dis-
tribution like the Bathynellacea (Schminke, 1973,
1974) and the ingolfiellid amphipods (Stock,
1976b, 1979) support partly Willis’ rule. Schmin-
ke (1974), for instance, demonstrated that there
are close phylogenetical relationships between the
Madagascar-African and the South American para-
bathynellids of the group Cteniobathynella. There
is a trend from the more plesiomorphic Madagas-
can species to the most apomorphic species of
South America. These data suggested to Schminke
that the representatives of this group spread on
Gondwanaland from East to West prior to the
different major splittings of this landmass, viz. the
Triassic splitting off of Madagascar from Africa
and the Cretaceous separation of Africa and South
America.
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¢. The ostracods of the genus Cryptocandona
Kaufmann

The genus Cryptocandona was proposed by Kauf-
mann (1900) for a parthenogenetic Candoninae
(C. vavrai) having an elongated and laterally com-
pressed carapace, a maxillar exopodite with 3 se-
tae, a cleaning leg with 4 endopodal segments,
each with at least 1 seta. The distal segment of the
2nd thoracic leg bears 3 long setae, the shortest
being longer than the 4th endopodal segment, the
furca has a short posterior seta (see also figs.
16A-E). The discovery of amphigonic Cryptocan-
dona (e.g. C. vavra: Kaufmann, C. reducta Alm,
C. kieferi Klie) (see for details Klie, 1938¢c)
allowed the generic diagnosis to be supplemented.
The male clasping organ is asymmetric, the right
one being larger than the left one. The hemipenis
has a peniferum with a large lateral lobe (figs.
16F-H).

There are at present five epigean and seven
hypogean Cryptocandona species (fig. 17) known

G

J

A

Fig. 16. A-D, Cryptocandona brebmi (Klie), @ (after Klie,
1934): A, left valve; B, carapace; C, 2nd thoracopod; D,
furca.

E, Cryptocandona angustissima Ekmann,
1915), left valve.

F-H, Cryprocandona marris (Sywula), & (after Sywula,
1976): F, G, left and right clasping organs; H, hemipenis
(a = lateral process of the peniferum),

? (after Alm,
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from Europe (Loffler & Danielopol, 1978; Sy-
wula, 1976) and one cavernicolous species living
in Japan (Klie, 1934).13)

Cryptocandona vavrai lives in surface habitats
in nporthern Italy near Pallanza (Munro-Fox,
1966) throughout central Europe and in Scandi-
navia (Loffler & Danielopol, 1978). In eastern
Europe it has been found in southern Romania
(Danielopol, unpubl.). This species lives also in
the groundwater of river sediments in central
Europe (Loffler, 1961) and southern France
(Gourbault, 1972).

C. longipes (Ekman, 1908), has been found in
surface waters in northern Sweden, in the Torne-
Trisk area (Alm, 1915).

C. reducta (Alm, 1914) is an epigean species,
which occurs in northern and central Europe
(Loffler & Danielopol, 1978).

C. pygmaea (Ekman, 1908) has been found in
swamps and pools in northern Sweden, in the
same area as C. Jongipes (Alm, 1915).

C. angustissima (Ekman, 1908) occurs in Berga
Smiland, Sweden.

C. phreaticola (Klie, 1927) is an interstitial
species found in a well in Tekovske Luzany and
several springs, all in southern Slovakia (Kiefer
& Klie, 1927; Petkovski, 1966).

C. leruthi (Klie, 1936) has been described from
a well in Hermalle, Belgium (Klie, 1936).

C. kieferi (Klie, 1938) is widely distributed in
the Rhine and Danube drainage systems (Loffler,
1963).

C. juvavi (Brehm, 1953) has been found in
wells in the Salzburg area in Austria (Loffler,
1963).

C. matris Sywula, 1976, has been found in allu-
vial sediments of different valleys in the Carpa-
thian Mountains in southern Poland. I collected
Cryptocandona sp.aff. matris in several wells from
the Iza Valley in northern Romania (Maramures).

C. dudichi (Klie, 1930) has been found in a
cave basin in Hungary (Klie, 1930).

13) Klie (1936) erroneously attributed Eucandona cyproides
Von Daday, 1905, from South America, to the genus Cryp-
tocandona. Von Daday (1905) clearly stated in his descrip-
tion that this candonine has a maxillar exopodite with two
setae. By this peculiarity E. cyproides has affinities with the
species of the genera Candona, Fabaeformiscandona and Pseu-
docandona.
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C. brebmi (Klie) has been described from a
sample coming from Hirogawara cave, about 120
km northwest of Tokyo in the Province of Shina-
mo (Klie, 1934).

Mandelstam & Schneider (1963) designated
several Neogene Candoninae from the Soviet
Union as belonging to the genus Cryptocandona.
All these species have a “highly triangular” cara-
pace very similar to that of the cave species Mixta-
candona riongessa (Bronstein, 1947). This last
species was originally included in the genus Cryp-
tocandona. However, Danielopol & Cvetkov
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(1979) showed that C. riongessa belongs to the
genus Mixtacandona and is the type of the “rion-
gessa” species group.

Krstic (1972) described two fossil Cryptocan-
dona species from the Lower and Middle Panno-
nian of the Paratethys, viz. C. dolici Krstic and
C. nocens Krstic. The elongated and slightly trian-
gular shape of the carapace of C. nocens recalls
that of C. matris Sywula, 1976, but also that of
Mixtacandona pietrosanii Danielopol & Cvetkov
(see fig. 51B in Danielopol, 1978). Krstic (1972)
considers that C. dolici has a carapace shape re-
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Fig. 17. The geographical distribution of Cryptocandona species (star = epigean species; dot = hypogean species).
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sembling that of Cryptocandona reducta Alm, C.
kieferi Klie and Mixtacandona riongessa (Bron-
stein). From these data it is obvious that for none
of the fossil “Cryptocandona” discussed above it is
definitely possible to make a clear statement on the
phylogenetical affinities with living Cryptocan-
dona. Therefore, we cannot use them with any cer-
tainty to infer the antiquity of Cryptocandona.

d. Discussion

Fig. 17 summarizes the geographic distribution of
living surface and subterranean Cryptocandona
species. It is noticeable that the subterranean spe-
cies are spread over a larger area than that occupied
by the surface species. This fits the 3rd rule of
Racovitza. Unfortunately, we cannot infer from
these data that the subterranean species are older
than the surface ones because we do not actually
know whether Cryptocandona brehm: Klie is
closely related to the European subterranean spe-
cies. Only females of this species have been found.

The interstitial species of Europe, C. phreati-
cola, C. leruthi, C. kieferi, and C. matris have a
male copulatory organ with a conspicuous lateral
lobe on the peniferum which is most similar to
that of the epigean species C. vavrai and C. reduc-
ta (see figures in Klie, 1938b). This suggests that
the subterranean European species are related to
some of the European Cryptocandona now living
in surface waters. On the other hand, the shape of
the carapace and of the 2nd thoracic leg and the
furca of C. brebhmi (figs. 16A, C, D) resembles
that of C. angustissima (fig. 16E), an epigean
species from Sweden. If a direct phylogenetic link
can be established between these last two species
by using other morphological characteristics as
well, and if a significant morphological gap be-
tween the subterranean Cryptocandona living in
Europe and in Japan can be proved, in this case
the hypothesis of Racovitza will be invalidated so
that this rule cannot be used as a tool to identify
the age of the hypogean Cryptocandona species.

From this discussion we may conclude that ad-
ditional morphological and biogeographical data
are needed to accept or to reject the 3rd rule of
Racovitza in our attempt to infer the antiquity of
the hypogean Cryptocandona species.
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VI. THE DEGREE OF MORPHOLOGICAL
AND/OR BIOLOGICAL SPECIALIZA-
TION TO SUBTERRANEAN LIFE AS
AN INDICATION OF THE ANTIQUITY
OF A HYPOGEAN ANIMAL GROUP

a. Preamble

The morphological and biological specializations
achieved by some animals living in the subterra-
nean environment were an attraction for many
generations of biologists. Delamare Deboutteville
(1960, Poulson (1964), Vandel (1965), Ax
(1966), Barr (1968), Poulson & White (1969),
Juberthie (1975) inter alia presented reviews on
this topic.

As the morphological and /or biological speciali-
zations are the result of an evolutionary process,
they are necessarily time-dependent. It was thought
that the age of a subterranean animal group, i.e.
the time spent by this group in a subterranean
habitat, could be roughly inferred from the degree
of morphological and/or biological specialization
of these animals.

Jeannel (1943: 38) wrote: “...il est certain
que la foule des troglobies est hétérogéne, formée
d’espéces qui ont peuplé les grottes 4 des époques
différentes. Il est naturel que les cavernicoles les
plus anciens aient leurs organes visuels plus réduits
et c’est ce qu'on observe en effet.”

Vandel (1965: 465) proposes two rules to state
the relative antiquity of troglobites:

1. “Recent cavernicoles are usually united to sur-
face types by intermediate forms, while ancient
cavernicoles remain very isolated in the present
world.

2. The degree of physiological specialization . . .
allows a division of cavernicoles into Recent
and ancient types ...”

b. Initial assumptions

The model of the degree of morphological and/or
biological specialization to subterranean life as an
indication of the antiquity of hypogean animals
supposes, when one compares different species, at
least two initial conditions:
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Fig. 18. Second antenna and the aesthetasc “Y"". A-B, Psewdocandona bilobata (Klie), @ (Grosswaldstadt): A, second an-
tenna, general view; B, aesthetasc “Y".

C-D, Pseudocandona compressa (Koch), @ (Lake Mogosoaia, Bucharest): C, second antenna, general view; D, aesthetasc
I‘Y"-

E, Mixtacandona stammeri (Klie), @ (Castelcevita), aesthetasc “Y"".

F, Mixtacandona chappuisi (Klie), @ (Vallea Draganului), aesthetasc “Y".

Abbreviations: Len 1 = length of the 1st endopodal segment; Ly = length of the aesthetasc y; y, y1, y2, ¥y3s = antennal
aesthetascs; ti-t4, z = antennal setae of the 2nd and 3rd endopodal segment; G1-Gs, Gm, GM = distal antennal claws; p, i,
d = proximal, intermediary and distal parts of the aesthetasc “Y".
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1. The selective pressures, acting on the species
to be compared, should be similar.

2. The evolutionary potentialities and further-
more the evolutionary rates of change of the
species under investigation should also be
similar.

Wilkens (1973 a & b) tested this model using
several cave fishes and a shrimp from caves of
Yucatan, in Mexico. He studied the degree of eye
regression in these freshwater animals and corre-
lated this with precisely dated geological events
which had occurred in Yucatan. The genetic pro-
cesses which were involved in the eye regression in
the cave animals were thoroughly studied by Koss-
wig and his students (see for a review Peters &
Peters, 1973). They found that in the cavernic-
olous fishes they studied, the degenerative evolu-
tionary processes occur by genetic drift, selection
playing an insignificant role. Considering this
premise, Wilkens (1973a) showed that in closely
related animal species like those of the teleost
fishes of Yucatan the rates of evolution are simi-
lar, and, therefore, the differences in the eye struc-
ture are the result of the different time spans
during which the degenerative processes took
place.

c. The length of the antennal aesthetasc “Y” in
epigean and hypogean Candoninae

In the following I shall try to trace if by using
the morphological criteria in conjunction with the
phylogenetic relationships and geographical distri-
bution of several freshwater ostracod species be-
longing to the subfamiliy Candoninae, one can
assess their antiquity as subterranean dwellers.

As mentioned above, the Candoninae represent
the most important freshwater ostracod group (in
terms of specific diversity) in interstitial habitats
of Europe. One can divide the subterranean Can-
doninae into 3 groups based on the degree of
colonization of the subterranean realm. In group 1
there are no exclusively hypogean species. This is
the case of the genus Candona. In group 2 there
are epigean and hypogean species (the case of the
genera Fabaeformiscandona Krstic, Psexdocando-
na (Kaufmann) and Candonopsis Vavra). Finally,
group 3 consists of hypogean dwellers only (the
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genera Phreatocandona Danielopol and Mixtacan-
dona Klie). The shape and the length of the sen-
sorial organ, aesthetasc “Y” in several epigean and
hypogean Candoninae was studied by Danielopol
(1973).

The aesthetasc “Y”" (Danielopol, 1971b) is a
modified seta on the posterior side of the 1st endo-
podal segment of the 2nd antenna (fig. 18). This
organ in the Cyprididae is presumed to be a che-
moreceptor (Rome, 1947; Anderson, 1975). Ex-
ternally this organ consists of three different parts
(fig. 18D): a proximal part inserted on the endo-
pod segment, an intermediary one (both with
smooth surfaces), and a distal one, the last having
a complicated ornamentation (Danielopol, 1971b,
1973; Anderson, 1975). The distal part carries a
large receptor cavity and several cilia of the sensory
cells which lie within the antenna (fig. 18F). An-
derson (1975) showed that the surface membrane
of the central part of the aesthetasc “Y”’ allows
penetration of compounds of low molecular
weight, while the distal part allows penetration of
compounds of higher molecular weight.

The ratio between the total length of the aesthe-
tasc “Y”" and the length of the 1st endopodal seg-
ment of the antenna (fig. 18C) shows marked
differences between surface and hypogean Cando-

CANDONA Baird
C. dancaui Dan. E °
C, ahgulata MAil,
C. weltneri Hartw. [

PABAEFORMKSCANDONA Xrstil

F. fab ia (Fisch. g
fabaeformie (Fisch.) @-EPIGEAN Sp.

PSEUDOCANDOMA Kauf, OrnypocERN Sp.
Py, marchica (G.W. Miller) [
Ps. pratensis (Hartw,) [
Pe. compressa (Koch) [ ]
Pa. albicans {(Brady) L]
Po. delamarei Dan. -}

Pa. apelaea (Klie) Q
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Ps. rouchi dan. [~}
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Fig. 19. The ratio of the lengths of the aesthetasc “Y" and

the 1st endopodal segment of the antenna in epigean and
hypogean Candoninae species expressed as a percentage.
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TaBLE III

The ratio between the length of the aesthetasc “Y" and the
length of the first endopodal segment as a percentage in
several Candoninae (see also fig. 19, data from Danielopol,
1973).

Taxa Ly/Len 1
Candona
dancani Dan. 26.66
angulara Miill. 27.77
weltneri Hartw. 30.76
Fabaeformiscandona
fabaeformis (Fisch.) 51.66
Pseudocandona
marchica (G. W. Miill.) 28.76
pratensis (Hartw.) 29.33
compressa (Koch) 31.18

albicans (Brady) 31.0

delamarei Dan. 35.78
spelaea (Klie) 38.88
zschokkei (Wolf) 40.0
serbani Dan, 40.27
rouchi Dan. 42.59
bilobata (Klie) 50.0
Phreatocandona
motasi Dan, 90.0
Candonopsis
anisitzi Klie 47.0
kingsleii (Br. & Rob.) 51.56
depressa Rome 58.10
sumatrana Klie 62.96
anteroacuta Rome 65.0
boui Dan. 66.66
putealis Klie 80.0
Mixtacandona
laisi (Klie) 60.18
stammeri (Klie) 76.92
juberthieae Dan. 79.10
Mixtacandona sp. 83.72
chappuisi (Klie) 87.50
loeffleri Dan. 101.72
botosaneanui Dan. 107.35

ninae species (Danielopol, 1973). Fig. 19 and
table III show that the Candoninae of the genus
Candona (group 1) have the shortest aesthetascs.
The species of Fabaeformiscandona, Pseudocan-
dona and Candonopsis (group 2) have inter-
mediate lengths. The most elongated aesthetascs
are those of Mixtacandona (figs. 18E, F) and
Phreatocandona species (group 3).

Within the genera of group 2 one can see (fig.
19) that the interstitial Candoninae (exclusively
hypogean) always have longer aesthetascs than the
epigean species. One can speculate that in the
hypogean-dwelling Candoninae the elongation of
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the aesthetasc is a specialization to the subterranean
environment; it allows a better sensorial reception
and it compensates for lack of vision. All the hypo-
gean Candoninae I investigated have no notice-
able eye structure in living specimens, in marked
contrast to the epigean ones (Danielopol, 1978).

d. Discussion

Using the aesthetasc as a morphological index, one

can state that the representatives of the genera

Mixtacandona and Phreatocandona are the oldest

representatives in subterranean waters and that

those of Candonopsis and Pseusdocandona are
younger. Several qualifications must be made,
however, to this too simplistic statement:

1. Within the genus Candonopsis, C. boui Danie-
lopol is an interstitial species from southern
Europe and C. putealis Klie is a hypogean spe-
cies (interstitial) from Java in Indonesia.l4)
The differences in the aesthetasc length of
these two species could also be attributed to
different selective pressures in tropical and
temperate countries, respectively. Mitchell
(1969: 82) made a similar observation dis-
cussing the characteristics of temperate and
tropical cave habitats: “Between the caves of
major geographical areas, one could hardly
expect selection pressures to be compar-
able...” (See also Elliott & Mitchell, 1973.)

2. The degree of development of an organ is
also dependent on the internal characteristics
of the genome (see Fryer, 1976 and Riedl,
1978, for discussion).

Vandel (1965) supposes that the evolutionary
rates of subterranean animals are independent on
external factors, being influenced only by internal
factors. This author considers that subterranean
animals are representatives of senile phyletic lines.
Considering the Candoninae, I demonstrated

M) Candonopsis cubensis Danielopol, 1978, is a hypogean
species which has been found in a cave in Cuba (Danielopol,
1980a). The value of the ratio: aesthetasc “Y” /endopod seg-
ment is similar to that in C. putealis (Danielopol, 1973).
The length of the aesthetasc of the other European and hypo-
gean Candonopsis, viz. C. thienemanni Schifer and C, trichota
Schifer, is, judging by the figures of Schifer (1945), inter-
mediate between that of C. box/ Danielopol and that of C.
putealis Klie and C. cubensis Danielopol.
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(1977, 1978) that this subfamily is neither a
primitive nor a senile phyletic lineage. Within the
larger group Cypridacea, the Candoninae have a
great evolutionary plasticity, and large possibilities
for speciation. Grant (1977), following Simpson
(1944, 1953), showed that different animal
groups display different rates of evolution. De
Lattin (1939), Kosswig (1960) and Sket (1969)
arrived to the same conclusion for cave organisms.
Considering the ostracods, Gramm (1976: 291,
292) showed that the evolutionary rate of carapace
development differs markedly within the different
phylogenetic lineages of the Podocopa: “As a
result, the historical destinies of various groups
proved to be unequal. Some remained conservative
although widely distributed (Bairdiacea, Darwinu-
lacea). The others - Cypridacea and especially Cy-
theracea - have undergone significant evolutionary
changes ...” In the case of the aesthetasc “Y" of
the Candoninae, actually it is not possible to eval-
uate the rate of evolution of this organ within the
groups mentioned above, viz. the genera Candona,
Fabaeformiscandona, Pseudocandona, Candonop-
sis, etc.

From this discussion I must conclude that in the
case of the interstitial Candoninae, the test of this
morphological and/or biological index to assess
the age of a subterranean group is unsatisfactory
as none of the initial premises could be validated.
It seems to me that at present for any subterranean
animal group it would be difficult to fulfil such
initial assumptions as stated above. Sket (1969)
developed similar arguments using examples from
cave animals of the Dinaric Alps. For the ostra-
cods we obviously need more information on the
genetics, phylogeny and zoogeography of different
groups in order to strengthen the model, to make
it more restrictive and more precise.

VII. FINAL DISCUSSION

As mentioned above, the “Essai sur les problémes
biospéologiques’ published by Racovitza in 1907,
from the beginning has been accepted by bio-
speleologists and considered as a scientific revo-
lution. In a critical review of Racovitza’s “Essai”,
Botosaneanu & Decou (1973: 518, 519) present
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the following “hommage” to this work: “Il est en
effet rare qu'un ouvrage scientifique s’érige d’em-
blée en tant qu'acte de naissance d'une discipline,
qu'il reste pendant de longues périodes source d’in-
spiration et de réflexion pour les spécialistes, qu'il
puisse supporter la comparaison avec une monture
en métal précieux, permettant qu'on y enchasse
harmonieusement les pierres des acquisitions, au
fur et & mesure de leur découverte.” A similar
“hommage” is presented by Orghidan (1978).
This author notes that normally a new discovery in
biospeleology confirms the ideas of Racovitza for-
mulated in 1907.15)

In the present essay I have attempted to assess
the age of several interstitial ostracod groups in-
habiting groundwater using some of the classical
methods: the study of fossils and their phylogenet-
ical affinities with living ostracods, the study of
the morphology and the ecological distribution of
the Recent ostracod fauna, and the use of bio- and
paleobiogeographical models. Using Ostracoda, I
examined some classical biospeleological para-
digms: Many of the subterranean animals are
“living fossils”’; some animal groups lived since
Paleozoic and Mesozoic times in the subterranean
aquatic milieu; many epigean animals took refuge
in the subterranean realm as a result of climatic
deteriorations; the possibilities for some animal
groups to spread through the subterranean habitats
are limited.

The ostracods with their large number of fossils
provided realistic data to discuss the antiquity of
different living interstitial ostracod groups. Phy-
logenetical affinities between Tertiary (fossil)
species and Recent subterranean forms could be
proved in the case of the Timiriaseviinae, Can-
doninae and Darwinulidae. They gave us positive
information (empirically proved) on the existence
of “living fossil” groups (e.g. Kovalevskiella)
which existed during the Tertiary in surface waters
and which are now present in groundwater habitats
only. For some groups, viz. Kovalevskiella, Can-
donopsis gr. kingsleii, Darwinula gr. pagliolii, the
affinities between Tertiary fossils and Recent in-
terstitial species allow us to approximate the maxi-
15) Orghidan (1970: 110) also wrote: “...la biospéologie

que Racovitza avait présentée dans son Essai ressemble d’une
fagon saisissante a la biospéologie actuelle.”
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mum potential time of an animal’s occupation of
the groundwater. The study of the ecological re-
quirements of the main marine ostracod groups
which flourished during the Paleozoic and the
beginning of the Mesozoic suggests that there is
little chance of finding them in the freshwater
subterranean habitats of Europe, due to their
limited tolerance of low salinities.

These data are important for the general prob-
lem of the antiquity of subterranean animals be-
cause in most of the other subterranean biotas the
age of an animal group is inferred from indirect
evidence, either by logical extrapolations or by
comparisons with groups where direct empirical
data have been found.

The deduction of the antiquity using morpholog-
ical bio- and paleobiogeographical models failed
to give satisfactory results. The data presented
above are far from the optimistic situation drawn
by Botosaneanu & Decou (1973) and from those
of Orghidan (1978).

The age of the subterranean Cryptocandona
could not be established as we still have too little
information on the phylogenetic affinities between
the surface and subterranean species living in
Europe and Japan. The degree of morphological
and/or biological specialization to subterranean
life as an indication of the antiquity of a hypogean
animal group is an unsatisfactory method when
comparing different species, as the initial assump-
tions on which the model is based can hardly be
fulfilled. The Candoninae do not seem to be an
exception as I found the same difficulty occurring
in other animal groups. In order to improve this
situation I showed that we need more research into
the genetics and the evolutionary rates of the dif-
ferent ostracod groups with subterranean represen-
tatives.

The test of the climatic refugium model proved
to be unsatisfactoty, too, when used with darwin-
ulids. The ecological and geographical distribution
of the Darwinula of the group pagliolii contra-
dicts the initial assumptions of the model. It ap-
pears that the climatic refugium hypothesis, as it
was stated by Stammer, Chappuis, Borutskii and
others, is an oversimplified model. In order to
improve it we need information on the causal
mechanisms which determine the colonization of
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subterranean habitats by an epigean animal. We
have to understand how an animal became a trog-
lophile and then a troglobite. Now it seems that,
after a long period of intensive study of troglo-
bites, the time has arrived in which the epigean
animals that normally colonize subterranean wa-
ters (sometimes called troglophiles) should also
be studied intensively because they could yield im-
portant information on the problem of the initial
phases of “troglobization” (Rouch, 1974, made a
a similar remark).

Considering the antiquity of the freshwater
interstitial ostracods of the subfamily Pseudolim-
nocytherinae, I showed using the test of the regres-
sion model, that their age could be Miocene-Plio-
cene or Pleistocene. In the ostracod case this model
appeared too general as it accepts two concurrent
hypotheses. Neither of them could be refuted
using additional biological and paleogeographical
information. In order to make the model more pre-
cise I suggest continuation of the faunistic investi-
gations in southern, southeastern and central
Europe as well as the eastern Atlantic coast to find
additional interstitial Tuberoloxoconcha and Psex-
dolimnocythere. A further effort should be made
to find fossil loxoconchids which could have mor-
phological affinities with Recent Pseudolimnocy-
therinae.

If this study of ostracods confirmed that the
subterranean habitats harbour “living fossils”,
some of them old relicts, it did not, however, cor-
roborate that these “living fossils” are Paleozoic
or Mesozoic subterranean dwellers. The paradigms
of the climatic refugium and of the slow move-
ment of aquatic animals through the subterranean
realm could not be corroborated with the existing
ostracod data. Moreover, I gave examples from
other animal groups where these two biological
“rules” are simply contradicted. Therefore, one
should ask what is the degree of generality of
these “rules”? In which case are they valid?

In a discussion on the necessity to state the
limits of a scientific hypothesis, Toulmin (1953:
15) noted: “Even a real key is of little use if we
do not know what rooms it will let us into.” This
phrase applies obviously also to the usefulness of
the models discussed above.

The ostracod examples presented here show a
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more complicated picture of the “antiquity” prob-
lem than those stressed by the paradigms found in
textbooks and reviews mentioned in the previous
sections. Despite other opinions I consider that
biospeleological problems as seen in the light of
modern studies are more complex than those
stated by Racovitza in 1907. Faced with this new
situation one needs new methods, new hypotheses
and new conceptual models. Some of them have
been already proposed. See for instance the new
concept of the karstic ecosystem of Rouch (1977).
By emphasizing the limits of certain models and
suggesting solutions to improve these models I
hope to honour E. G. Racovitza. Certainly I did
not propose here a new set of paradigms but I hope
that I have been sufficiently persuasive to stimulate
other students to intensify their studies of ostra-
cods and thereby to contribute to the scientific
revolution that is impending in biospeleology.
“What is more satisfying for a scientist than to be
challenged by scientific problems and to work in
a field that continually poses new ones?” notes
Mayr (1976: 408), and this is certainly true also
for the problem of the antiquity of the subterra-
nean ostracods discussed in this essay.

VIII. ACKNOWLEDGEMENTS

I received an initial stimulus for the development of this
paper when I worked at the Speleological Institute in Bucha-
rest (1965-1972). E. Serban challenged me on several prob-
fems of the evolution of subterranean animals. I hope that
this contribution is in part an answer to his challenges. My
colleagues D. Dancau and I. Tabacaru (Bucharest) made me
familiar with Racovitza’s and Jeannel's works.

Some of the ideas presented here have been advanced for
the first time in two informal seminars held at the Geologi-
cal and Zoological Institutes of the University of Stockholm
(in 1970). I am much indebted to Profs. I. Hessland and
T. Karling for their invitation.

Furthermore, I benefitted from the stimulating discussions
with many colleagues and friends. I shall mention here some
of them: Dr. R. Rouch (Moulis), Prof. S. Ruffo (Verona),
Dr. G. Magniez (Dijon), Dr. H. J. Oertli (Pau), J. P. Colin
(Bordeaux), Prof. H. Liffler (Vienna), Prof. F. Steininger
(Vienna), Dr. R. Benson (Washington), Dr. G. Carbonnel
(Lyon), Dr. R. Olteanu (Bucharest), Dr. G. Bonaduce (Na-
poli), Prof. G. Hartmann (Hamburg), Prof. Cl. Delamare
Deboutteville (Brunoy), Dr., H. Malz (Frankfurt am Main),
Dr. R. Whatley (Aberystwyth), Dr. Cl. Guernet (Paris),
Dr. L. Botosaneanu (Amsterdam), Prof. R. Ginet (Lyon),
Prof. F. D. Por (Jerusalem), and Prof. J. H. Stock (Amster-
dam).

The following colleagues helped with ostracodological in-
formation and material: Dr, H. Uffenorde (Géttingen), Dr.
N. Kirstic (Beograd), Dr. J. Neale (Hull), Dr, K. Matsumoto

D. L. DANIELOPOL - AGE OF OSTRACODS

(Tokyo), Dr. E. Schornikov (Vladivostock), Dr. O. Moog
(Vienna), Dr. N. Coineau (Banyuls/Mer), Dr. W. Sissingh
(Utrecht), Prof. G. Hartmann (Hamburg), Dr. C. Berthéle-
my (Toulouse), Dr. I. D, Pinto (Porto Alegre), Dr. G.
Becker (Frankfurt am Main), Dr. A. Berczik (Budapest),
and Dr. H. Malz.

I received financial help from several institutions to
achieve this project. A grant from the University of Stockholm
allowed me to travel (in 1970) to Hamburg and Frankfurt
am Main in order to study the ostracod collections of W. Klie
and E. Triebel. There I received the help of the curators of
these collections, Prof. G. Hartmann (Zoological Institute and
Museum, University of Hamburg) and Dr. H. Malz (For-
schungsinstitut und Naturmuseum Senckenberg, Frankfurt
am Main). The Austrian Ministry of Science supplied travel
funds for my visits to France and the Federal Republic of
Germany in the period 1977-1978. The French Foreign Min-
istry awarded me a scholarship “mois-chercheur” in 1977
during which I was able to work at the Laboratoire Souterrain
du CNRS (Moulis).

The scanning electron-microscope pictures illustrating this
paper were taken at the Marine-Biological Institute (Vienna)
through the kindness of Dr. W. Klepall and her technical
asistents. Financial help has been also received from NOT-
RING (Vienna).

Mrs. R. Reich, E. Schmidtfall and I. Gradl (Vienna)
helped to edit the paper.

Finally I am much indebted to Prof. H. Loffler and to my
colleagues at the Institute of Limnology in Vienna, for their
understanding of my interest in subterranean ostracods. The
same appreciation applies to my wife who showed great
patience during the time when I was busy writing at home.

IX. APPENDIX

Description of Pseudolimnocythere hartmanni
Danielopol, 1979

Carapace and valves (figs. 10A-H, 20A-G): The
form is elongated, subrectangular, laterally com-
pressed. The anterior extremity is slightly more
pointed than the posterior. The maximum width,
about 1/4 of the length, is situated in the central
third. The maximum height is about 1/2 of the
length and is situated in the anterior third. The
anterior margin is largely bent and higher than the
posterior. The dorsal margin is straight and has a
slightly oblique position as compared to the ven-
tral margin. The latter is slightly concave in the
mouth area. The asymmetry of the valves is not
markedly distinct. The right valve is slightly larger
than the left on the anterior and posteroventral
sides. The cardinal angles are well defined. The
flange is well developed on the outer and postero-
ventral margins. An outer ridge extends parallel to
the outer and posteroventral margins. The extet-
nal ornamentation of the carapace is better devel-
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Fig. 20. A-G, Pseudolimnocythere hartmanni (Aghios Georghios, Euboea Island; A-C, E, male; D, F, female): A, B, left and
right valves, general view; C-E, left valve, details of the anterior third (note the variability of the marginal canals); F, do.,
right valve; G, dorsal view of the hinge.

H, Tuberoloxoconcha n. sp., 4 (Marina di Orosei, Sardinia), detail of the anterior third of the right valve,

Abbreviations: s = selvage; f = flange; or = outer ridge; il = inflexion line (area); fz = fused zone; av = anterior

vestibule; im = inner margin.
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oped in the posterior half than in the anterior.
Round pits (large foveolae or fossae), are dis-
persed in slightly parallel lines. There is a trend
to enlargement of the foveolae and to fusion in
larger fossae on one side and to strengthening of
dorsal and ventral muri forming longitudinal ca-
rinae which extend in more or less parallel lines,
especially on the ventral side. In the anterior third
the foveolae become less well developed and the
outer wall becomes smooth. The normal pores are
rimmed and have a sieve plate with 6-8 holes dis-
posed in one row, deep at the bottom of the fun-
nel. The central seta is simple. Posteriorly the
pores are situated on the ridges (intramural pores).

The hinge is smooth henodont i.e. the right
valve has a well-developed posterior cardinal tooth
and an inter-cardinal groove which is larger near
the anterior cardinal angle; the left valve has an
open socket and an inter-cardinal smooth bar
which is rounded on the anterior side. Selvage well
developed on both valves. The left has a selvage
which runs parallel to the outer margin and the
flange. The right valve has on the anterior and
posteroventral sides a smaller selvage than the left
valve (figs. 10B, C). The inner margin is straight
on the anterior and ventral sides; it forms an angle
at the anteroventral junction and is largely bent
posteriorly. On the ventral side the inner margin
has an oblique position. The marginal radial pore
canals can be simple or ramified. Their shape is
variable as can be seen in the figures. The anterior
and posteroventral vestibulae also vary widely due
to the differences in the extension of the fused
zone. The number of anterior marginal pore canals
varies between 8 and 12 and posteriorly between
2 and 5. The central adductor muscle scars are
formed by a row of 4 longitudinal scars and a U-
shaped anterior scar. Frontal and mandibular scars
are also visible. Carapace length 0.30-0.34 mm.

The carapace does not display sexual dimor-
phism.

Antennula (fig. 21A): Five segments (the 4th
fused with the 5th). The length ratios of the last
4 segments are 4.2 : 2 : 4 : 5. Chaetotaxy 16): I =
18) I, II, III, IV, V, VI = segment’s number; A = anterior;
P = posterior; I = interior; E = exterior; ya = antennular
aesthetasc; C = claw; 0, 1, 2, 3 = number of setae/claws;

1, m, s refers to the length of the setae, ie. long, medium,
short,
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P-1m; A-0. IIT = A-11; P-0. IV4+V = A-1], 3];
P-11, 1. VI = 1m+y,, 1L

Antenna (figs. 21B, C): With 3 endopod seg-
ments (the 2nd fused with the 3rd). Endopodal
chaetotaxy: I = A-0; P-1s. II +1III = A-2c; P-2s,
y, 1s. IV = 2C. The length of the aesthetasc “Y™’
slightly exceeds the distal margin of the 2nd +
3rd endopod segments. The distal endopod seg-
ment bears 2 pointed claws: the posterior is
shorter than the anterior (length ratio 3.3 : 4).

Mandible (fig. 21D): Mandibular palp with 4
segments. The chaetotaxy is: I = I-2I; E-0. IT =
I-41; E-11. IIT = I-11 (2?); E-41 (5-6?). IV = 2L
The 2 setae of the 1st mandibular segment exceed
shortly the length of the next segments. All the
other setae are longer than these 2 bristles. Man-
dibular gnathobasis with 7 teeth and 1 seta. Epipo-
dite with 1-3 setae.

Maxillule (fig. 21E): Respiratory plate with
about 16 normal (plumose) setac and one long
“aberrant” (smooth) seta (as). Maxillular palp
2-segmented. The proximal segment has 1 seta on
the inner margin and 3 setae on the outer margin.
The distal segment bears 2 setae.

Rake-like organ (fig. 21F): No teeth on the
distal transversal branch (ro).

Thoracopod 1 (fig. 22A): Protopodite with 4
anterior and posterior setae. The 1st endopodal
segment has one anterior small seta. The length
ratios of the endopod segments and the distal claws
are 4.5 :2.7 : 3.6 :5.7.

Thoracopod 2 (fig. 22B): Protopodite with 3
anterior and posterior setae. The 1st endopod seg-
ment has one anterior seta. The length ratios of the
endopod segments and the distal claws are 5.9 :
3.0:4.0:5.9.

Thoracopod 3 (fig. 22C): Chaetotaxy similar to
that of the previous thoracopod except the endo-
podal seta of the 1st segment which is larger. The
length ratios of the endopod segments and the dis-
tal claws are 6.7 : 2.7 : 3.9 : 7.2. The 3rd thora-
copod is longer than the previous two due to the
elongation of the 1st endopodal segment and of
the distal claw.

Furca (fig. 22D): With a rounded process and
2 (-3?) small setae. The posterodorsal process of
the body (fig. 21G) is rounded, covered with tiny
bristles,
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Fig. 21. Pseudolimnocythere hartmanni (Aghios Georghios, Euboea Island; A-C, F, G, female; D, E, male): A, antennula;
B, C, antenna; D, mandible; E, maxillula; F, rake-like organ; G, posterior part of the body.

Abbreviations: as = aberrant seta; ya = antennular aesthetasc; y = antennal aesthetasc; pb = proximal bar; db = distal bar;
th = transversal bar; apb = accessory posterior bar; ac = anterior cell; pc = posterior cell; fu = furca; ge = genital area;
ro = distal branch of the rake-like organ; PDP = posterodorsal process of the body.
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Fig. 22. A-F, Pseundolimnocythere hartmanni (Aghios Georghics, Cuboea Island; male): A-C, walking legs 1-3; D, hemi-
penis, lateral side; E, hemipenis, medial side; F, copulatory tube, detail.

G-J, Tuberoloxoconcha n. sp. (Marina di Orosei, Sardinia; G, female; H-J, male): G, extremity of the body; H, antennula;
I, inner sclerified frame; J, left valve.

Abbreviations: x = hyaline area; ¢t = copulatory tube; dl = distal lobe; pl = proximal lobe; pb = proximal bar; db
distal bar; atb and ptb = anterior and posterior transversal bars; apb = accessory posterior bar; ac = anterior cell; pc

posterior cell; fu = furca; ge = genital area; m = muscle; PDP = posterodorsal process of the body.
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Inner sclerified framework (fig. 21G): Repre-

sented by an anterior transversal bar bent dorsally
and posteriorly. It forms an open anterior cell,
which also participates in the proximal bar of the
1st thoracopod. The distal bar of the 1st thoraco-
pod is articulated to the anterior extremity of the
anterotransversal bar. The 2nd thoracopod has
simple proximal and distal bars. A long postero-
transversal bar participates partly to build the pos-
terior cell. This has a triangular shape and is
formed also from the proximal bar of the 3rd tho-
racopod and an additional proximal bar. The distal
bar of the third thoracopod points to this posterior
cell.

Female genital opercule (figs. 21G, 22F):
Rounded, sclerified.

Hemipenis (figs. 22D-F): With a triangular
distal lobe, which has a subapical hyaline area (x).
The dorsal margin is largely rounded; the lobe is
fused to the peniferum on its proximal margin. A
short proximal lobe covers the copulatory tube.
The latter is coiled in the peniferum.

Discussion. — Ps. hypogea Klie, 1938, differs
from Ps. hartmanni Danielopol in having a longer
antennal aesthetasc “Y”’, its extremity reaching the
distal margin of the distal endopod segment. The
mandibular palp has 3 setae on the inner margin
of the 2nd segment. Male copulatory organ with a
distal triangular lobe which is folded on the dorsal
margin,

Psendolimnocythere sp. from the Skuljica cave,
Krk, has a carapace which is slightly larger (0.34-
0.36 mm) than that of Ps. hartmanni Danielopol.
The external ornamentation of the former species
is less well developed; especially the fossae are
smaller and more numerous on the posteroventral
side and the carinae (figs. 11A, D) are not so
prominent as in the species from Euboea Island.

X. SUMMARY

1. Realistic data concerning the antiquity of sev-
eral interstitial ostracod groups have been ob-
tained in those cases where phylogenetical af-
finities with fossil ostracods (mainly Tertiaty
species) could be established, viz. the genera

4.
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Kovalevskiella, Candonopsis, and Darwinula.
The study of the main marine Paleozoic and
Early Mesozoic ostracod groups, except for the
cytherids, suggests that they could not inhabit
the freshwater subterranean milieu because of
their low salinity tolerance.

Considering the freshwater interstitial ostra-
cods of the subfamily Pseudolimnocytherinae
it is hypothesized, using the test of the marine
regression model, that marine representatives
of this group could have penetrated into the
freshwater subterranean realm either during the
Upper Miocene - Lower Pliocene, or during
the Pleistocene. None of the two concurrent
hypotheses could be refuted.

The age of Darwinula boteai, the unique inter-
stitial species in Europe belonging to the Dar-
winula pagliolii group, has been tested with
the climatic refugium model. The test failed as
the ecological and geographical distribution of
some of the Darwinula gr. pagliolii contra-
dicted the initial assumption, i.e. that no spe-
cies of a given group should inhabit the
groundwater in areas with a mild climate.

For the representatives of the genus Crypto-
candona the 3rd rule of Racovitza, stating that
the troglobites which have a wider geographi-
cal range than their closest epigean relatives
are more or less old immigrants to the sub-
terranean realm, could not give any conclusive
answer. This is due to the fact that we do not
know well enough the true phylogenetical rela-
tionships between the European and the Japa-
nese Cryptocandona species.

The inference of the “antiquity” of the subter-
ranean ostracod groups using the morpholog-
ical index of the length of the antennal aes-
thetasc “Y”, by comparing several epigean and
hypogean Candoninae failed to give a satis-
factory answer as the two initial assumptions
could not be fulfilled, i.e. the selective pres-
sures acting on the different species compared
and the evolutionary rates of these species
should be similar.

In all the ostracod cases I have studied here, I
have tried to strengthen the hypotheses to make
them more restrictive and better testable. In
this way it is considered that this essay is
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written in honour of E. G. Racovitza who
developed modern biospeleology at the be-
ginning of the century.

7. A detailed description of Psexdolimnocythere
hartmanni Danielopol, 1979, is presented in
an appendix.

REFERENCES

Apamczak, F., 1968. Palaeocopa and Platycopa (Ostracoda)
from Middle Devonian rocks in the Holy Cross Moun-
tains, Poland. Stockh. Contr. Geol., 17: 1-109.

———, 1969. On the question whether the palaeocope ostra-
cods were filter feeders. In: J. Neale ed., The taxonomy,
morphology and ecology of Recent Ostracoda: 93-98
(Oliver & Boyd, Edinburgh).

ALAIN, 1967. Idées. Introduction i la philosophie. Platon,
Descartes, Hegel, Comte: 1-368 (Flammarion, Paris).

ALM, G., 1915, Monographie der schwedischen SiiBwasser-
ostracoden nebst systematischen Besprechungen des Tri-
bus Podocopa. Zool. Bidr. Upps., 4: 1-248.

ANDERSON, A., 1975. The ultrastructure of the presumed
chemoreceptor aesthetasc “Y” of a cypridid ostracod.
Zoologica Scr., 4 (4): 151-158.

Ax, P, 1966. Die Bedeutung der interstitiellen Sandfauna fiir
allgemeine Probleme der Systematik, Okologie und Bio-
logie. Verdff. Inst. Meeresforsch. Bremerh., Sonderb. 2:
15-66.

BanAREscU, P., 1975. Principles and problems of zoogeo-
graphy: 1-214 (Nolit, Belgrade).

BANARESCU, P. & N. Boscalu, 1978. Biogeographie. Fauna
und Flora der Erde und ihre geschichtliche Entwicklung:
1-391 (G. Fischer Verlag, Jena).

Barg, TH. C., Jr., 1968. Cave ecology and the evolution of
troglobites. Evolut. Biol., 2: 35-102.

BATE, R. H,, 1971. The distribution of Recent Ostracoda in
the Abu Dhabi Lagoon, Persian Gulf. In: H. J. Oertli
ed., Paléoécologie des Ostracodes. Bull. Cent. Rech. Pau,
S (suppl.): 239-256.

BensoN, R. H., 1975. Ostracodes and Neogene history. In:
T. Saito & L. H. Burckle eds., Late Neogene Epoch
boundaries. Symp. 24th int. geol. Congt., Montreal, Aug.
1972, Micropaleontology spec, Publs., 1: 41-48 (Am.
Mus. nat. Hist., New York).

———, 1976. Changes in the ostracodes of the Mediterranean
with the Messinian salinity crisis. Palaeogeogr. Palaeo-
climat. Palaeoecol., 20: 147-170.

BERGGREN, W. A, & J. A. VAN CoUVERING, 1974. The late
Neogene. Biostratigraphy, geochronology and paleocli-
matology of the last 15 million years in marine and con-
tinental sequences: 1-216 (Elsevier, Amsterdam).

BIRSTEIN, J. A. & S. I. LjovuscHKIN, 1965. Faune des eaux
souterraines saumitres de I'Asie Centrale. Int. J. Spe-
leol,, 1 (3): 307-320.

Borz, H., 1971. Late Triassic Bairdiidae and Healdiidae. In:
H. J. Oertli ed., Paléoécologie des Ostracodes. Bull.
Cent. Rech. Pau, 5 (suppl.): 717-746.

BoruTskil, E. V., 1964. Freshwater Harpacticoida. Fauna of
US.S.R, Crustacea, III (4): i-xii, 1-396 (Israel Prog.
sci. Trans., Jerusalem),

D. L. DANIELOPOL - AGE OF OSTRACODS

BOTOSANEANU, L., 1970. L'expédition biospéologique 4 Cuba
(mars-juin 1969) organisée par les Académies des Scien-
ces de Cuba et de Roumanie: présentation sommaire des
stations explorées pour le prélévement d'échantillons de
faune aquatique souterraine. Trav, Inst, Spéol. Emile
Racovitza, 9: 81-96.

——, 1978. Observations sur |'écologie et la distribution des
Turbellariés tricladides dépigmentés et anophtalmes de
Roumanie. Int. J. Speleol., 9: 221-234.

BoTOSANEANU, L. & V. GH. Decou, 1973. 65 ans depuis la
parution de I'“Essai sur les problémes biospéologiques™
de Racovitza. In: T, Orghidan, M. Dumitresco, Cl. Dela-
mare Deboutteville & 1. Tabacaru eds., Livre du cin-
quantenaire de I'Institut de Spéologie “Emile Racovitza™:
503-519 (Edit. Acad. R.S. Romadnia, Bucuresti).

Bou, Cr., 1975. Recherches sur la faune des eaux souter-
raines de Gréce. Biologia gallo-hellen., 6 (1): 101-116.

BRONSTEIN, Z. S., 1947, Faune de I'USSR, Crustacés, IT (1).
Ostracodes des eaux douces. Fauna SSSR, (N.S.) 31:
1-334 (Zoologicheskii Institut Akademii Nauk SSSR,
Moskva & Leningrad; in Russian, with title in French
and summary in English).

BusHMINA, L. S., 1959. Carboniferous Ostracoda from coal
measures in Central Kazakhstan. Trudy Lab. Geol.
Uglya, 1: 174-252.

CaraioN, F. E., 1967. Fam. Cytheridae (Ostracode marine
si salmastricole). Fauna Republicii Socialiste Rominia,
Crustacea (Ostracoda) IV, 10: 1-164 (Edit. Acad. R.S.
Roméinia, Bucuresti).

CARBONNEL, G. & S. RITZKOWSKI, 1969. Ostracodes lacustres
de I'Oligocéne (Melanienton) de la Hesse (Allemagne).
Archs. Sci, Genéve, 22: 55-82.

CHarruis, P. A, 1927. Die Tierwelt der unterirdischen Ge-
wisser. Binnengewisser, 3: 1-175.

——, 1933, Copépodes (premiére série avec 1'énumération
de tous les Copepodes cavernicoles connus en 1931.

Biospeologica 59. Archs. Zool. exp. gén., 76 (1): 1-57.

, 1942. Microcharon acherontis n.sp., ein neuer subterra-

ner Isopode (Vorliufige Mitt.). Fragm. faun. hung., 5:

120-121.

——, 1943, Uber die Fauna der Spaltgewisser und des
Grundwassers. Allatt. Kozl., 40: 221-232.

—-—, 1956. Sur certaines reliques marines dans les eaux sou-
terraines. Congr. int. Spéléol., 1: 47-53.

CoDREANU, R., 1970. L’universalit¢ de I'oceuvte d'Emile
Racovitza. In: T. Orghidan & M. Dumitresco eds., Livre
du centenaire Emile G. Racovitza: 65-76 (Edit. Acad.
R.S. Roumanie, Bucarest).

CoDREANU, R. & D. BaLcEscu, 1970. Répartition des Den-
drocoelides anophtalmes dans les Carpates de courbure
et dans la Plaine roumaine. In: T. Orghidan & M. Dumi-
tresco eds., Livre du centenaire Emile G. Racovitza: 239-
246 (Edit. Acad. R.S. Roumanie, Bucarest).

CoINEAU, N, 1971, Les Isopodes interstitiels. Documents sur
leur écologie et leur biologie. Mém. Mus. natn. Hist.
nat. Paris, (A) 64: 1-170.

CouiN, J. P. & D. DanieLoroL, 1978. New data on the
systematics of the Limnocytheridae (Ostracoda, Cythe-
racea). Geobios, 11: 563-567.

—& , 1980. Sur la morphologie, la systématique, la
biogéographie et I'évolution des Ostracodes Timiria-
seviinae (Limnocytheridae). Paleobiol. continentale (in
press).

Cox, C. B, I. N. HEaLEy & P. D. MooRrEg, 1977. Biogeo-




BIJDRAGEN TOT DE DIERKUNDE, 50 (2) - 1980

graphy, an ecological and evolutionary approach (2nd
ed.): 1-194 (Blackwell Scientific Publs., Oxford).

Cvetkov, L., 1975. Composition, position zoogéographique
et origine des Crustacés thalassophréatiques en Bulgarie.
Hydrobiology, 1: 35-53 (in bulgarian, french summary).

Dabay, E. voNn, 1905. Untersuchungen iiber die SiiBwasser-
Mikrofauna Paraguays. Zoologica, 44: 1-374.

DanieropoL, D. L., 1968. Microdarwinula n.g. et quelques
remarques sur la répartition de la famille Darwinulidae
Br. & Norm. (Crustacea, Ostracoda). Annls. Limnolo-
gie, 4 (2): 153-174.

——, 1970a. Une nouvelle espéce du genre Darwinula des
eaux souterraines de Roumanie et quelques remarques
sur la morphologie des Darwinulidae (Ostracoda - Po-
docopida). Trav. Inst. Spéol. Emile Racovitza, 9: 135-
149.

———, 1970b. Sur la morphologie, l'origine et la répartition
du genre Cordocythere Dan. (Ostracoda - Cytheridae).
In: T. Orghidan & M. Dumitresco eds., Livre du cen-
tenaire Emile G. Racovitza: 287-299 (Edit, Acad. R.S.
Roumanie, Bucarest).

——, 1971a. Quelques remarques sur le peuplement ostra-
codologique des eaux souterraines d'Europe. In: H. J.
Oertli ed., Paléoécologie des Ostracodes. Bull. Cent.
Rech. Pau, 5 (suppl.): 179-190.

——, 1971b. Sur la structure des aesthetascs de I'antenne de
quelques Cyprididae (Crustacea, Ostracoda, Podocopi-
da). C. r. hebd. Séanc, Acad. Sci., Paris, (D) 271: 596-
599.

——, 1972a. Sur l'appartenance probable de certaines Can-
dona fossiles au groupe Mixta Klie 1938 (Ostracoda,

Podocopida). Int. geol. Congr., 23: 123-126.

, 1972b. Supplementary data on the morphology of Neo-
nesidea and remarks on the systematic position of the
family Bairdiidae (Ostracoda, Popocopida). Proc. biol.
Soc. Wash., 85: 39-48.

——, 1973. Sur la morphologie des aesthetascs chez quelques
ostracodes hypogés de la sous-famille des Candoninae
(Cyprididae, Podocopida). Annls. Spéléol., 28 (2): 233-
246.

——, 1976a. Sur la distribution géographique de la faune
interstitielle du Danube et de certains de ses affluents
en Basse-Autriche. Int. J. Speleol., 8: 323-329.

, 1976b. The superfamily Cypridacea: some remarks on
the phylogenetical affinities between the main ostracod
Cypridacean groups. In: G. Hartmann ed., Evolution of
Post-Paleozoic Ostracoda: 77-86 (Paul Parey, Hamburg).

——, 1976¢. Comparative morphology of the deep-sea Thau-
matocypris echinata G. W. Miiller, 1906, and the cave
species Thaumatocypris orghidani Danielopol, 1972 (Os-
tracoda, Myodocopida). Vie Milieu, 26 (1C): 9-20.

——, 1976d. Supplementary data on Pussella botosaneanui
Danielopol, 1973 (Ostracoda, Bairdiidae). Vie Milieu,
26 (2A): 261-273.

~——, 1977. On the origin and diversity of European fresh-
water interstitial ostracods. In: H. Loffler & D. Danielo-
pol eds., Aspects of ecology and zoogeography of recent
and fossil Ostracoda: 295-305 (Junk, The Hague).

, 1978. Uber Herkunft und Morphologie der siiBwasser-

hypogdischen Candoninae (Crustacea, Ostracoda). Sber.

Ost. Akad. Wiss., math.-naturw. Kl., (I) 187: 1-162.

, 1979. On the origin and the antiquity of the Pseudo-

limnocythere species (Ostracoda, Loxoconchidae). Bio-

logia gallo-hellen., 8: 99-107.

287

———, 1980a. Sur deux espéces hypogées du genre Candonop-
sis (Ostracoda, Candoninae) du Sud de la France et de
Cuba. Vie Milieu (in press).

, 1980b. Distribution of ostracods in the groundwater of

north-western coast of Euboea (Greece). Int. J. Speleol.,

12 (in press).

, 1980c. Sur la biologie de quelques Ostracodes Candoni-
nae épigés et hypogés d’Europe. Bull. Mus. natn. Hist.
nat. Paris (in press).

——, 1980d. Nouvelles données sur les Candoninae hypo-
gées de Roumanie, Yougoslavie et Italie. Acta Mus.
maced. Sci. nat. (in press).

DanieroroL, D, L. & L. Cvetkov, 1979. Trois nouvelles
espéces du genre Mixtacandona (Ostracoda, Cyprididae,
Candoninae). Hydrobiologia, 67: 249-266.

DarwiN, CH., 1957, Originea speciilor prin selectie naturala
sau pistrarea raselor favorizate in lupta pentru existen-
ta: 1-398 (Edit. Acad. R.P. Romine, Bucuresti; transla-
tion in Romanian of the 6th edition of “The Origin of
Species”, J. Murray, London, 1902).

DELAMARE DEBOUTTEVILLE, CL., 1960. Biologie des eaux
souterraines littorales et continentales: 1-740 (Hermann,
Paris).

DELAMARE DEBOUTTEVILLE, CL. & L. BOTOSANEANU, 1970,
Formes primitives vivantes. Musée de 1'évolution: 1-232
(Hermann, Paris).

Devoro, G., 1965. Lacustrine Pleistocene in the Lower Liri
Valley (southern Latium). Geologica romana, 4: 291-
368.

Erriorr, W. R. & R. W. MircHELL, 1973. Temperature
preference responses of some aquatic cave-adapted crus-
taceans from central Texas and northeastern Mexico.
Int. J. Speleol., 5: 171-189. -

ENckELL, P. H., 1969. Distribution and dispersal of Para-
stenocarididae (Copepoda) in northern Europe. Oikos,
20: 493-507.

FaGg, L., 1931, Biospeologica 55. Araneae, 5e série précédée
d’'un essai sur 'évolution souterraine et son déterminis-
me. Archs. Zool. exp. gén., T1: 99-291,

Frakes, L. A., 1979. Climates throughout geologic time:
1-310 (Elsevier, Amsterdam).

FryYER, G., 1976. Adaptation, speciation and time. Zoologica
Scr., 5: 171-172.

GILLET, S., 1961. Essai de paléogéographie du Néogéne et du
Quaternaire inférieur d'Europe Orientale. Revue Géogt.
phys. Géol. dyn., 4 (2): 218-250.

GINET, R. & V. DEcou, 1977. Initiation 4 la biologie et
a l'écologie souterraines: 1-345 (J. P. Delarge, Paris).

GOURBAULT, N., 1972, Recherches sur les Triclades Paludi-
coles hypogés. Mém. Mus. natn. Hist. nat. Paris, (N.S.,
A) 73: 1-249.

GraMM, M. N., 1972. Marine Triassic ostracodes from South

Primorye. On the evolution of the adductors of cavelli-
nids. Int. geol. Congr., 23: 135-148.
, 1976. On two tendencies in the evolution of ostracod
adductor muscle scars. In: G. Hartmann ed., Evolution
of Post-Paleozoic Ostracoda: 287-294 (Paul Parey, Ham-
burg).

GRANT, V., 1977. Organismic evolution: 1-418 (Freeman &
Co., San Francisco).

GRUNDEL, J., 1978a. Die Ordnung Podocopida Sars, 1866
(Ostracoda). Stand und Probleme der Taxonomie und
Phylogenie. Freiberger Forsch.-Hft., (C) 334: 49-68.

——, 1978b. Bemerkungen zur Phylogenie der Cytheracea




288

Baird, 1850 s.str. (Cytherocopina, Ostracoda). Z. geol.
Wiss., 6: 605-617. ,

GUERNET, CL., 1971. Etudes géologiques en Eubée et dans
les régions voisines (Gréce): 1-395 (Thése, Univ. Paris).

HanGaNu, E. & 1. PAPAIANOPOL, 1977. Les subdivisions du
Dacien fondées sur les associations de malacofaune et
d’ostracofaune. Bull. Soc. belge Géol., 85 (2): 63-88.

HARTMANN, G., 1953. Ostracodes des eaux souterraines de
la Méditerranée et de Majorque. Vie Milieu, 4 (2):
238-253.

——, 1974. Zum gegenwirtigen Stand der Erforschung der
Ostracoden interstitieller Systeme. Annls. Spéléol., 28
(3) (“1973"): 417-426.

——, 1975. Ostracoda. Bronn's Kl. Ordn. Tierreichs, 1I 4
(4): 569-786.

HARTMANN, G. & H. Puri, 1974. Summary of neontological
and paleontological classification of Ostracoda. Mitt.
hamb. zool. Mus. Inst., 70: 7-73.

HENNINGSMOEN, G., 1965. On certain features of Palaeo-
cope ostracodes. Geol. For. Stockh. Forh., 86: 329-334.

HoLsINGER, J. R., 1974. Systematics of the subterranean
amphipod genus Stygobromus (Gammaridae), part I:
Species of the western United States. Smithson. Contr.
Zool., 160: 1-63.

Hst, K. J., 1978a. 13. Correlation of Black Sea sequences.
Init. Rep. Deep Sea Drilling Proj., 42 (2): 489-497.

——, 1978b. 15. Stratigraphy of the lacustrine sedimentation
in the Black Sea. Init. Rep, Deep Sea Drilling Proj.,
42 (2): 509-524.

——, 1978c. When the Black Sea was drained. Scient. Am,,
238: 53-62.

Hsi, K. J., L. MoNnTADERT, D. BERNOULLI, M, B. Crta, A.
EricksoN, R. E. GarrisoN, R. B. Kipp, F. MELIERES, C.
MULLER & R. WRIGHT, 1977. History of the Mediter-
ranean salinity crisis. Nature, Lond., 267 (5610): 399-
403.

HusauLrt, E., 1938. Sphaeromicola sphaeromidicola, com-
mensal de Sphaeromides virei Valle en Istrie et consi-
dérations sur l'origine de diverses espéces cavernicoles
périméditerranéennes. Archs. Zool. exp. gén., 80: 11.24.

HusMANN, $., 1962. Okologische und verbreitungsgeschicht-
liche Studien itber den archianneliden Troglochaetus be-
ranecki Delachaux, Mitteilung iiber Neufunde aus den
Grundwasserstrémen von Donau, Ybbs, Otz, Isar, Lahn,
Ruhr, Niederrhein und Unterweser, Zool. Anz., 168:
312-325.

———, 1973. Bathynella stammeri Jakobi, 1954 (Syncarida)
aus dem Stygorhythral der Alpen: Studien zur Morpho-
logie, Okologie und Verbreitungsgeschichte. Crustaceana,
25 (1): 21-34,

, 1975. The boreoalpine distribution of groundwater
organisms in Europe. Verh, int, Verein, Limnol., 19:
2983-2988.

——, 1978. Die Bedeutung der Grundwasserfauna fiir biolo-
gische Reinigungsvorginge im Interstitial von Locker-
gesteinen. Gewiiss. Abwiss., 119: 293-302,

Jacos, F.,, 1970. La logique du vivant. Une histoire de
I'hérédité: 1-354 (Gallimard, Paris).

JEANNEL, R., 1928. Monographie des Trechinae, Abeille, 35:
7-808.

——, 1943. Les fossiles vivants des cavernes: 1-321 (Galli-
mard, Paris).

——, 1950. La marche de I'évolution: 1-171 (Editions du
Muséum, Paris).

D. L. DANIELOPOL - AGE OF OSTRACODS

JuBerTHIE, C., 1975. Vie souterraine et reproduction. Bull,
Soc. zool. Fr., 100: 177-201.

JuBerTHIE, C., C. DELAMARE DEBOUTTEVILLE, N. VIRa
BAYEs & A. AMINOT, 1977. Mission C. Delamare De-
boutteville, C. Juberthie 4 Cuba (mars 1974). Données
sur les biotopes et la chimie des eaux souterraines de
quelques grottes 4 Crustacés (Mysidacés, Thermosbaena-
cés, Isopodes et Decapodes). In: T. Orghidan et al. eds.,
Résultats des expéditions biospéologiques Cubano-Rou-
maines 3 Cuba, 2: 41-49 (Edit. Acad. R.S. Rominia,
Bucuresti).

KAUFMANN, A, 1900. Cypriden und Darwinuliden der
Schweiz. Revue suisse Zool., 8: 209-423,

KEevyser, D., 1977. Ecology and zoogeography of recent
brackish-water Ostracoda (Crustacea) from South-West
Florida. In: H. Loffler & D. Danielopol eds., Aspects
of ecology and zoogeography of recent and fossil Ostra-
coda: 207-222 (Junk, The Hague).

KiErER, F. & W. KLIE, 1927, Zur Kenntnis der Entomostra-
ken von Brunnengewissern. Zool. Anz., 72: 5-14.

KLEIN, L. N., 1963. {Description of the genus Kovalevskiella
(in Russian) . Sbornik nauchno-tekhnicheskii Informatii,
Voprosit gueologuii, 2: 91-97.

KLiE, W., 1929. Beitrag zur Kenntnis der Ostrakoden der
siidlichen und westlichen Ostsee, der festlindischen
Nordseekiiste und der Insel Helgoland. Z. wiss. Zool.,
134: 270-306.

——, 1930. Eine neue unterirdisch lebende Art der Gattung
Candona. Allatt. Kozl., 27: 163-167.

——, 1932. Die Ostracoden der deutschen limnologischen
Sunda Expedition. Arch. Hydrobiol., Suppl. 11: 447-502.

——, 1934. Zwei neue subterrane Ostracoden der Gattung
Candona. Zool. Anz., 106: 193-199.

——, 1935, Ostracoda aus dem tropischen West-Afrika,
Arch. Hydrobiol., 28: 35-68.

, 1936. Neue Candoninae (Ostracoden) aus dem Grund-
wasser von Belgien. Bull. Mus. r. Hist. nat. Belg., 12:
1-13,

——, 1938a. Ostracoden aus unterirdischen Gewissern in
Siiditalien. Zool. Anz., 123: 148-154.

——, 1938b. Ostracoden aus dem Grundwasser der ober-
rheinischen Tiefebene, Arch. Naturgesch., 7 (1): 1-28.
, 1938c. Krebstiere oder Crustacea, III. Ostracoda, Mu-
schelkrebse. Tierwelt Dtl., 34: 1-230.

, 1939. Ostracoda aus dem Kenia-Gebiet, vornehmlich
aus dessen Hochgebirgen. Int. Revue ges. Hydrobiol.
Hydrogr., 39: 99-162.

KORNICKER, L. S. & I. G. SoHN, 1976. Phylogeny, ontogeny,
and morphology of living and fossil Thaumatocyprida-
cea (Myodocopa, Ostracoda). Smithson. Contr. Zool.,
219: i-iv, 1-124,

Kosswig, C., 1960. Zur Phylogenese sogenannter Anpassungs-
merkmale bei Hohlentieren. Int. Revue ges. Hydrobiol.,
45: 493-512,

——, 1977. Génétique et évolution régressive. In: Mécanis-
mes de la rudimentation des organes chez les embryons
de Vertébrés. Colloques int. Cent. natn. Rech. scient.,
266: 19-29.

KRISTAN-TOLLMANN, 1977. On the development of the
muscle-scar patterns in Triassic Ostracoda. In: H. Loff-
ler & D. Danielopol eds., Aspects of ecology and zoo-
geography of recent and fossil Ostracoda: 133-146 (Junk,
The Hague).

KrOMMELBEIN, K. vON, 1974, Ostracoden der Trias, Teil 2:




BIJDRAGEN TOT DE DIERKUNDE, 50 (2) - 1980

Alpine Trias. Zentbl. Geol. Paldont., 2: 1-11.

KrsTic, N., 1972. Genus Candona (Ostracoda) from Conge-
ria beds of Southern Pannonian basin. Serbian Acad. Sci.
Arts, Monograph 140 (39): 1-145 (in Serbian, title and
abstract in English).

KunN, T. S., 1970. The structure of scientific revolutions
(2nd ed.): 1-210 (Univ. Chicago Press, Chicago).
LATTIN, G. DE, 1939. Uber die Evolution der Héhlentier-

charaktere. Sber. Ges. naturf. Freunde Berl., 24: 11-41.

, 1967, GrundriB der Zoogeographie: 1-602 (G. Fischer,
Jena).

LERNER-SEGGEV, R., 1968. The fauna of Ostracoda in lake
Tiberias. Israel J. Zool., 17: 117-143.

LeruTH, R., 1939. La biologie du domaine souterrain et la
faune cavernicole de la Belgique. Mém. Mus. r. Hist.
nat. Belg., 87: 1-506.

LIENENKLAUS, E., 1905. Die Ostrakoden des Mainzer Ter-
tidrbeckens. Ber. senckenb. naturf. Ges., 1905 (2): 1-74,
pls. I-IV.

L6FFLER, H., 1960. Die Entomostrakenfauna der Ziehbrun-
nen und einiger Quellen des ndrdlichen Burgenlandes.
Wiss. Atb, Burgenland, 24: 1-32,

——, 1961, Grundwasser- und Brunnenostracoden aus Siid-
westdeutschland und den Vosgen. Beitr. naturk. Forsch.
SidwDtl., 20: 31-42,

——, 1963. Die Ostracodenfauna Osterreichs. Beitrige zur
Fauna Austriaca, I. Sber. ost. Akad. Wiss., math.-naturw.
KL, (I) 172: 193-211.

——,1964. 3. Beitrag zur Kenntnis der Entomostraken bur-
genlindischer Brunnen und Quellen (Siidl. Burgenland).
Wiss. Arb. Burgenland, 31: 156-169.

LoFFLER, H. & D. L. DaNIELOPOL, 1978. Ostracoda. In:
J. Lllies ed., Limnofauna Europaea: 196-208 (G. Fischer,
Stuttgart).

LiTrie, G. & P. STEFFENS, 1976. Explanatory notes for the
paleogeographic atlas of Turkey from the Oligocene to
the Pleistocene. Paleogeographic atlas of Turkey
1:500.000. Explanatory notes: 1-64 (Bundesanstalt Geo-
wiss. Rohstoffe, Hannover),

Lutz, A. K, 1965. Jungtertiire SiiBwasser-Ostracoden aus
Siiddeutschland. Geol. Jb., 82: 271-330.

Mappocks, R. F., 1976. Pussellinae are interstitial Bairdiidae
(Ostracoda). Micropaleontology, 22 (2): 194-214.
MaGNIEZ, G., 1974. Données faunistiques et écologiques sur

les Stenasellidae, Int. J. Speleol., 6: 1-80.

——, 1978a. Quelques problémes biogéographiques, écologi-
ques et biologiques de la vie souterraine. Bull. scient.
Bourgogne, 31: 21-35.

——, 1978b. Les Stenasellides de France (Crustacés, Isopo-
des, Asellotes souterrzins): faune ancienne et peuple-
ment récent. Bull. Soc. zool. Fr., 103 (3): 255-262,

Martz, H. & E. MOAYEDPOUR, 1973. Miozine SiiBwasser-
Ostracoden aus der Rhén. Senckenberg. leth., 54 (2/4):
281-309.

MANDELSTAM, M. I. & G. F. SCHNEIDER, 1963. The fossil
Ostracoda of USSR. Family Cyprididae. VNIGRI, Le-
ningrad, Publ. 203: 1-242 (in Russian).

MarINEscu, FL. & R. OLTEANU, 1975. Considérations sur les
associations des Mollusques et d’Ostracodes du Méotien
de la partie occidentale du bassin Dacique. Diri Seami
Sed. Inst. geol. Rom., 61 (1973-1974): 113-127.

MariNov, T., 1962, Uber die Muschelkrebsfauna des west-
lichen Schwarzmeerstrandes. Izv. tsent. nauchnoizsl. Inst.
Rib. Varna, 2: 81-107 (in Bulgarian, summary in Ger-
man).

289

McKeNziE, K. G., 1971. Paleozoogeography of freshwater
Ostracoda. In: H. J. Oertli ed., Paléoécologie des Ostra-
codes. Bull. Cent. Rech. Pau, § (suppl.): 207-237.

——, 1972. Contribution to the ontogeny and phylogeny of
Ostracoda. Int. geol. Congr., 23: 165-188.

MavYr, E., 1961. Cause and effect in biology. Science, 134:
1501-1506.

——, 1976. Evolution and the diversity of life. Selected es-
says: 1-721 (Belknap Press of Harvard Univ. Press,
Cambridge, Mass.).

MircHELL, R. W., 1969. A comparison of temperate and
tropical cave communities. Southwest, Nat, 14 (1):
73-88.

Moorkg, R. C, ed.,, 1961. Treatise on invertebrate paleonto-
logy. Q, Arthropoda, 3. Crustacea, Ostracoda: 1-422
(Geol. Soc. America, Lawrence, Kansas).

MorkHOVEN, F. P. C. M. vaN, 1962. Post-paleozoic Ostra-
coda, their morphology, taxonomy and economic use, I:
1-204 (Elsevier, Amsterdam).

Mortas, C., 1962. Sur les Acariens phréatiques, leur distribu-
tion géographique, leur origine. Zool. Anz., 168: 325-
350.

MULLER, K. J., 1979. Phosphatocopine ostracodes with pre-
served appendages from the Upper Cambrian of Sweden.
Lethaia, 12: 1-27.

Munro-Fox, H., 1966. Ostracodes from the environs of Pal-
lanza. Memorie Ist. ital. Idrobiol., 20: 25-39,

NEALE, J. W. & R. VICTOR, 1978. The Lund University Ex-
pedition, freshwater Ostracoda from Sri Lanka (Ceylon).
Can. J. Zool., 56: 1081-1087.

NEUSTRUEVA, 1., 1970. Sur la paléoécologie des Ostracodes
d’eau douce du Permien supérieur et du Trias inférieur
du bassin houillier de Kouznetsk. In: H. J. Oertli ed.,
Paléoécologie des Ostracodes. Bull. Cent. Rech. Pau, 5
(suppl.): 747-754.

——, 1977. Ostracod biofacies in Paleozoic and Mesozoic
lake sediments of the USSR. In: H. Loffler & D. Danie-
lopol eds., Aspects of ecology and zoogeography of re-
cent and fossil Ostracoda: 451-458 (Junk, The Hague).

Noobr, W., 1968. Deuten die Verbreitungsbilder reliktirer
Grundwasser-Crustaceen alte Kontinentzusammenhinge
an? Naturw. Rdsch, Stutt., 21: 470-476.

NUCHTERLEIN, H., 1969. Freshwater ostracods from Franco-
nia. A contribution to the knowledge of the systematics
and ecology of Ostracoda. Int. Revue ges. Hydrobiol.,
54: 223-287.

OrGHIDAN, T., 1955. Un nou domeniu de viati acvatici sub-

terand: Biotopul hiporeic. Buletin sti. Acad. Republ. pop.
rom., Ser. Geol. Geogr. Biol. Agr., 7 (3): 657-676.
, 1970. Emile Racovitza créateur de la biospéologie mo-
derne. In: T. Orghidan & M. Dumitresco eds., Livre du
centenaire Emile G. Racovitza: 105-115 (Edit. Acad.
R.S. Roumanie, Bucarest).

——, 1978. Achievements and new trends in biospeology. In:
R. Codreanu ed., Problems of evolutionary biology. Tax-
onomy and speciation: 28-35 (Edit. Acad. R.S. Romi-
nia, Bucuresti; in Romanian).

Paris, P., 1920. Ostracodes. Biospeologica, 1ére série. Archs.
Zool. exp. gén., 58 (9): 475-487.

PETERS, N. & G. PETERS, 1973. Problémes génétiques de
I'évolution régressive des cavernicoles. Annls. Spéléol.,
28 (2): 301-314.

PETKOVSKI, T., 1962, Beitrag zur Kenntnis der Ostracoden-
fauna Mitteldeutschlands (Thiiringen-Sachsen). Acta
Mus. maced. Sci. nat., 8: 117-132,




290

, 1966. Ostracoden aus einigen Quellen der Slowakei.
Acta Mus. maced. Sci. nat,, 10 (4): 91-107.

——, 1969. Einige neue bemerkenswerte Candoninae aus dem
Ohridsee und einigen anderen Fundorten in Europa
(Crustacea-Ostracoda). Acta Mus. maced. Sci. nat, 9
(5): 81-110.

——, 1973, Subterrane SiiBwasser-Harpacticoida von Kuba
(Vorliufige Mitteilung). In: T. Orghidan et al. eds.,
Résultats des expéditions biospéologiques Cubano-Rou-
maines 3 Cuba, 1: 125-144 (Edit. Acad. R.S. Rominia,
Bucuresti).

PETROVA, A., 1974. Sur la migration des Halacariens dans
les eaux douces et la position systématique des Halaca-
riens et Limnohalacariens, Vie Milieu, 24 (1C): 87-96.

PiNto, I. D. & S. B. KoTzIAN, 1961, Novos Ostracodes da
familia Darwinulidae e la variacao das impressoues
musculares. Bolm. Inst. Ciénc. nat. Brasil, 11: 5-64.

PLANDEROVA, V., 1974. The problem of floristic boundary
between Pliocene-Pleistocene in western Carpathians
mounts on the basis of palynological examination. Mém.
Bur. Rech. géol. miniér., 78 (2): 547-551.

PokornNy, V., 1978. Ostracodes. In: B. U. Haq & A. Boersma
eds., Introduction to marine micropaleontology: 109-150
(Elsevier, New York).

PoMEROL, CH., 1973. Stratigraphie et paléogéographie. Ere
Cénozoique (Tertiaire et Quaternaire): 1-269 (Doin,
Paris).

PoPKHADZE, 1975. On the occurrence of a representative of
the genus Kovalevskiella Klein in the Maeotian sedi-
ments of Abkhazia. Bull. Acad. Sci. Georgian SSR, 80
(3): 645-648.

PopPER, K. R,, 1934, Logik der Forschung (Vienna) (Eng-
lish edition, The logic of scientific discovery, Hutchin-
son, London, 1959: 1-480).

Pourson, T. L., 1964. Animals in aquatic environments: ani-
mals in caves. In: D. B. Dill ed., Handbook of physiol-
ogy, section 4. Adaptation to the environment: 749-771
(American Physiological Society, Washington, D.C.).

Pourson, T. L. & W. B. WHITE, 1969. The cave environ-
ment, Science, 165: 971-980.

PsariaNos, P. & E. THENIuS, 1953, Uber Elephas (Archidis-
kodon) meridionalis (Elephant, mammal) von Euboea
(Griechenland). Praktika Akad. Athenon, 28: 413-424,

Racovrrza, E. G., 1907. Essai sur les problémes biospéo-
logiques (Biospeologica I). Archs. Zool. exp. gén., (4)
6: 371-488.

——, 1910. Sphéromiens (1ére série) et révision des Mono-

listrini (Isopodes Sphéromiens). Archs. Zool. exp. gén.,

(5) 4: 625-758, pls. XVIII-XXXI.

, 1926. Speologia. Academia Romina, Discursuri de

receptie, 61,

Raup, D. M. & S. M. STANLEY, 1978. Principles of paleon-
tology (2nd ed.): 1-481 (Freeman & Co., San Fran-
cisco).

RiepL, R., 1978. Order in living organisms: 1-313 (Wiley &
sons, Chichester).

RoGL, F., F. F. STEININGER & C. MULLER, 1978. 51. Middle
Miocene salinity crisis and paleogeography of the Para-
tethys (middle and eastern Europe). In: K. Hsii, L.
Montadert et al. eds., Init. Rep. Deep Sea Drilling Proj.,
42 (1): 985-990.

RoMe, D. R, 1947. Herpetocypris teptans morphologie ex-
terne et systéme nerveux. Cellule, 57: 1-147.

——, 1953. Ostracodes de la grotte de Tsebahu, Mont Hayo

D. L. DANIELOPOL - AGE OF OSTRACODS

(Irumu, Congo Belge). Revue Zool. Bot, afr., 47 (1):
34-42.

RoucH, R., 1974. Le systéme karstique du Baget, III. Etude
des sorties d'Harpacticides au niveau de Las Hountas
lors de plusieurs crues des cycles hydrologiques 1971-
1972 et 1972-1973. Annls. Spéléol., 29 (3): 351-372.

——, 1977. Considérations sur I'écosystéme karstique. C. r.
hebd. Séanc. Acad. Sci., Paris, (D) 284: 1101-1103.

RuFFo, S., 1973. Studi sui crostacei Anfipodi, 74. Contributo
alla revisione del genere Bogidiella Hertzog (Crusta-
cea, Amphipoda, Gammaridae). Boll. Ist. Ent. Univ.
Bologna, 31: 49-77.

Rucaierl, G., 1971. Ostracoda as cold climate indicators in
the Italian Quarternary. In: H. J. Oertli ed., Paléoécolo-
gie des Ostracodes. Bull. Cent. Rech. Pau, 5 (suppl.):
285-294,

RusseLr, B., 1912. The problems of philosophy (reprinted
1977): 1-167 (Oxford Univ. Press., London).

Ryan, B. W., 1976. Quantitative evaluation of the depth of
the western Mediterranean before, during and after the
late Miocene salinity crisis. Sedimentology, 23: 791-813.

Ryan, B. W. & M. B. Cira, 1978. The nature and distribu-
tion of Messinian erosional surfaces - indicators of a
several kilometer deep Mediterranean in the Miocene,
Mar. Geol., 27: 193-230.

ScHAFER, H. W, 1945. Grundwasser-Ostracoden aus Grie-
chenland. Arch. Hydrobiol., 40 (4): 857-866.

ScHMINKE, H. K., 1973. Evolution, System und Verbreitungs-
geschichte der Familie Parabathynellidae (Bathynellacea,
Malacostraca). Mikrofauna Meeresbodens, 24: 1-192.

——, 1974. Mesozoic intercontinental relationships as evi-
denced by bathynellid Crustacea (Syncarida: Malacostra-
ca). Syst. Zool., 23: 157-164.

ScHorNIKOV, E. I, 1964. An experiment on the distinction
of the Caspian elements of the ostracod fauna in the
Azov-Black Sea basin. Zool. Zh., 43: 1276-1292 (in Rus-
sian, summary in English).

——, 1969. Ostracoda. In: Ph. D. Mordukhai-Boltovskoi ed.,
Opredelitel’ fauny Chernogo, Azovskovo Morey, II:
163-259 (Izd. Nauk Dumka, Kiev).

ScHorNIKOV, E. I. & M. N. GrRaMM, 1974, Saipanetta Mc-
Kenzie 1968 (Ostracoda) from the northern Pacific and
some problems of classification. Crustaceana, 27: 92-102.

SENEs, J. & FL. MARINEscU, 1971. (unpublished). Stratigra-
phie des Pliozins der Paratethys im Pannonischen
Becken, Dazischen Becken und westlichen und stlichen
Teil des Euxinischen Beckens. Palaeogeographie des
Neogens der Zentralen Paratethys. Stand 1971. (Manu-
script.)

— & , 1974. Cartes paléogéographiques du Néogéne
de la Paratéthys centrale. Mém. Bur. Rech. géol. miniér.,
78: 785-792.

SIEBER, G., 1905. Fossile Siisswasser-Ostrakoden aus Wiirt-
temberg. Jh. Ver, vaterl. Naturk. Wiirtt.,, 61: 321-346.

SiMPsON, G. G., 1944, Tempo and mode in evolution: i-xviii,
1-237 (Columbia Univ. Press, New York).

——, 1953. The major features of evolution. Columbia Univ.
biol. Ser., 17: i-xx, 1-434.

SissINGH, W., 1972, Late Cenozoic Ostracoda of the South
Aegean Island Arc. Utrecht micropaleontol. Bull., 6:
1-187.

SKET, B., 1969. Uber einige mit der Evolution der Héhlen-
tiere verbundene Probleme. Congr. int. Spéléol., 4
(4-5): 225-230.




BIJDRAGEN TOT DE DIERKUNDE, 50 (2) - 1980

——, 1970. Uber Struktur und Herkunft der unterirdischen
Fauna Jugoslawiens. Biol. Vést., 18: 69-78.

———, 1977. Niphargus im Brackwasser. Crustaceana, Suppl.
4: 188-191.

SMITH, A. G. & J. C. BRIDEN, 1977. Mesozoic and Cenozoic
Paleocontinental maps: 1-63 (Cambridge Univ. Press,
Cambridge).

SNEATH, P. H. A. & K. G. McKENziE, 1973. Statistical
methods for the study of biogeography. In: N. F. Hughes
ed., Organisms and continents through time. Spec. Pap.
Palaeont., 12; Syst. Ass. Publ., 9: 45-60.

SOHN, J. G., 1976. Antiquity of the adductor muscle attach-
ment scar in Darwinula Brady & Robertson, 1885. In:
G. Hartmann ed., Evolution of Post-Paleozoic Ostracoda:
305-308 (Paul Parey, Hamburg).

SOKAC, A., 1972, Pannonian and Pontian Ostracode fauna of
Mt. Medvenica. Palaeont. jugosl,, 11: 1-140.

STAMMER, H. J., 1936. Alter und Herkunft der Tierwelt der
Hohlengewisser Europas. Int. Congr. Zool., 12: 1051-
1056.

STANCHEVA, M., 1966. Notes on the stratigraphy and the
ostracode fauna from the Pliocene and post-Pliocene in
the district of Silistra. Bull. geol. Inst. Strasimir Dimi-
trov, 15: 205-229 (in Bulgarian, summary in English).

STEININGER, F., F. R6GL & E. MARTINI, 1976. Current Oli-
gocene/Miocene biostratigraphic concept of the Central
Paratethys (Middle Europe). Newsl, Stratigr., 4: 174-
202.

STEININGER, F. F. & A. Papp, 1979. Current biostratigraphic
and radiometric correlations of Late Miocene Central
Paratethys stages (Sarmatian s.str., Pannonian s.str., and
Pontian) and Mediterranean stages (Tortonian and Mes-
sinian) and the Messinian Event in the Paratethys.
Newsl. Stratigr., 8: 100-110.

StoCK, J. H., 1976a. A new genus and two new species of
the crustacean order Thermosbaenacea from the West
Indies. Bijdr. Dierk., 46 (1): 47-70.

——, 1976b. A new member of the crustacean suborder In-
golfiellidea from Bonaire, with a review of the entire
suborder. Stud. Fauna Curagao, 50 (164): 56-75.

——, 1977a. Microparasellidae (Isopoda, Asellota) from
Bonaire with notes on the origin of the family. Stud.
Fauna Curagao, 51 (168): 69-91.

——, 1977b. The taxonomy and zoogeography of the had-
ziid Amphipoda, with emphasis on the West Indian taxa.
Stud. Fauna Curacao, 55 (177): 1-130.

——, 1978a. Bogidiella martini, un nouvel Amphipode sou-
terrain de I'ile St. Martin (Antilles) et la zoogeographie
des Bogidiellidae. Int. J. Speleol., 9 (1): 103-113,

~—, 1978b. The non-marine gammarids of the Balearic Is-
lands. Boln. Soc. Hist. nat. Baleares, 22: 17-47.

——, 1979, Amsterdam Expeditions to the West Indian Is-
lands, Report 2. New data on taxonomy and zoogeo-
graphy of ingolfiellid Crustacea, Bijdr. Dierk., 49 (1):
81-96.

STRASKRABA, M., 1972, L’état actuel de nos connaissances
sur le genre Niphargus en Tchecoslovaquie et dans les
pays voisins. In: S. Ruffo ed., Actes du Ier Colloque
International sur le genre Niphargus, Memorie Fuori
Ser. Mus. civ. Storia nat. Verona, 5: 35-46.

StrAUB, E. W, 1952. Mikropaliontologische Untersuchun-
gen im Tertidr zwischen Ehingen und Ulm a.d. Donau.
Geol. Jb., 66: 433-523.

291

SYLVESTER-BRADLEY, P. C., 1962. The taxonomic treatment
of phylogenetic patterns in time and space, with exam-
ples from the Ostracoda. Syst. Ass. Publ., 4: 119-133,

Sywutra, T., 1967. Notes on Ostracoda, II. On some Bul-
garian species. Bull. Soc. Amis Sci. Lett. Poznan, (D)
8: 11-42,

——, 1976. New species of Ostracoda (Crustacea) from sub-
terranean waters. Bull. Acad. pol. Sci.,, Sér. Sci. biol.,
24: 271-278.

SZCZECHURA, J., 1978. Fresh-water ostracodes from the Ne-
megt Formation (Upper Cretaceous) of Mongolia. Re-
sults of the Polish-Mongolian Paleontological Expedi-
tions, part 3. Palaeont. pol.,, 38: 65-121.

TerMIER, H. & G. TERMIER, 1968. Biologie et écologie des
premiers fossiles: 1-213 (Masson, Paris).

THIENEMANN, A., 1950. Verbreitungsgeschichte der SiiB-
wassertierwelt Europas. Binnengewisser, 18: 1-809
(Schweizerbart, Stuttgart).

TIiLzER, M., 1968. Zur Okologie und Besiedlung des hoch-
alpinen hyporheischen Interstitials im Arlberggebiet.
Arch, Hydrobiol., 65: 253-308.

—, 1973. Zum Problem der Ausbreitungsfihigkeit von
limnisch-interstitiellen Grundwassertieren, am Beispiel
von Troglochaetus beranecki Delachaux (Polychaeta,
Archiannelida). Arch. Hydrobiol., 72 (2): 263-269.

TouLMIN, ST., 1953. The philosophy of science. An intro-
duction: 1-176 (Harper & Row, New York).

UFFENORDE, H., 1972. Okologie und jahreszeitliche Vertei-
lung rezenter benthonischer Ostracoden des Limski Ka-
nals bei Rovinj (nordliche Adria). Gottinger Arb. Geol.
Paliont., 13: 1-121,

VANDEL, A., 1962. La répartition des cavernicoles et la palé-
ogéographie. Congr. int. Spéléol., 2: 31-43,

——, 1965. Biospeleology. The biology of cavernicolous ani-
mals: 1-524 (Pergamon Press, Oxford).

——, 1967. La genése du vivant. Année biol.,, 6: 579-588.

VEjpovski, T., 1882. Tierische Organismen der Brunnen-
gewisser von Prag: 1-170 (Prague).

VEKUA, M. L., 1975. The ostracods of the Kimmerian and
Kuyalnikian deposits of Abkhazia and their stratigraphic
significance: 1-137 (Metzniereba, Tbilisi; in Russian,
summary in English).

VIRE, A., 1899. Essai sur la faune obscuricole de France.
Etude particuliére de quelques formes zoologiques: 1-157
(Baillére, Paris).

WHATLEY, R. C. & J. M. STEPHENS, 1976. The Mesozoic
explosion of the Cytheracea. In: G. Hartmann ed., Evo-
lution of the Post-Paleozoic Ostracoda: 63-76 (Paul
Parey, Hamburg).

WiLkENs, H., 1973a, Uber das phylogenetische Alter von
Hohlentieren. Untersuchungen iiber die cavernicole SiiB-
wasserfauna Yucatans, Z. zool. Syst. Evolut.-Forsch., 11:
49-60.

, 1973b. Ancienneté phylogénique et degrés de réduction
chez les animaux cavernicoles. Annls. Spéléol., 28 (2):
327-331.

WiLLss, J. C., 1922. Age and area: i-x, 1-259 (Cambridge
Univ. Press, Cambridge; not seen, quoted after Cox et
al,, 1977). '

YuUN-SIAN, G., C. MEIZHEN & Y. CHUNHUI, 1978, Jurassic-
Cretaceous ostracods from southern Anhui. Acta palae-
ont. sin.,, 17 (1): 43-64 (in Chinese, summary in Eng-
lish).

Received: 24 June 1980,



