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PREFACIO

Este nUmero contiene los trabajos seleccionados entre los temas presentados a «Fifth European
Ostracodol ogists Meeting (EOM-V)», celebrado en Cuenca (Espafia) durante los dias 20 a 28 de julio de 2003.
Un total de noventa especialistas, procedentes de 22 paises, presentaron contribuciones cientificas a este congre-
s0. La actividad congresua se completd con excursiones realizadas en materiales tan diversos como e Reciente
karstico de Cuenca, la Albufera de Vaenciay las Salinas de Santa Pola (Alicante), o € Mioceno de la Cuenca del
Ebro y el Devonico de la Cadena Ibérica (Rodriguez-Lazaro y Baltanas, Eds., Serv. Editorial UPV, 2003).

L os encuentros de ostracoddlogos europeos comenzaron en 1989 (EOM-1, Frankfurt am Main, Alemania) y
se celebran cada tres afios, aternando con los congresos de &mbito mundial - International Symposium on
Ostracoda (1SO), que se llevan celebrando desde hace més de 40 afios. Ambos simposios constituyen lamas alta
representacion de la investigacion basada en los ostracodos. Ademés de otras multiples aplicaciones, estos
microcrustaceos constituyen una herramienta de especial valor en las reconstrucciones paleoambiental es, debi-
do a su amplisima distribucién tanto areal como temporal. El estudio de estos organismos congrega a grupos de
investigacion muy heterogéneos, gue incluyen desde pal eontdl ogos hasta neontdl ogos, con especialistas de cam-
pos tan diversos como la biogeogquimica, la genética o el Cambio Global, ademas de |os mas clésicos de la bio-
estratigrafia, (paleo)biogeografia, (paleo)oceanografiay (paleo)limnologia. El interés del grupo salta a ambito
del gran publico en algunas ocasiones, como la inusitada proyeccién mediética que hubo al conocerse € primer
macho del reino animal, materializado por un ostracodo del Silarico de Gran Bretafia (Siveter et al., 2003,
Science y periddicos internacionales).

La particular rigueza taxondmica de la Clase Ostracoda le concede ademés un valor afiadido en la evaluacion
de la biodiversidad de una gran variedad de ambientes ecol6gicos, desde el Cambrico hasta la actualidad. Es
precisamente en |0s numerosos representantes actual es de este grupo donde podemos encontrar |os model os que
nos permitan interpretar el pasado, mediante la aplicacion rigurosa de las claves actualisticas. A esta rigurosi-
dad colabora de forma especial la utilizacion de la estadistica multivariante con |os resultados basados en datos
actuales, asi como las técnicas geoquimicas con las valvas de estos organismos. Ambos procedi mientos repre-
sentan alguno de los campos mas novedosos de la investigacion con |os ostracodos.

Quiero mostrar mi agradecimiento a los colegas que presentaron contribuciones al EOM-V, alos del Comité
Cientifico y, en especial, al Dr. Angel Baltanas, por laincondicional ayuda prestada alo largo de la preparacion
y organizacion de este congreso. Hago extensivo este reconocimiento a los organismos que patrocinaron este
evento: Ministerio de Ciencia'y Tecnologia, Universidad del Pais Vasco, Universidad Auténoma de Madrid,
Universidad de Valencia, Asociacion Espariola de Limnologia y Junta de Castilla-La Mancha. Al director del
Museo de la Ciencia de Cuenca (Dr. Jestis Madero), por la cesion del Museo como sede del congreso, asi como
por todas las facilidades concedidas para € eficaz desarrollo del mismo. Finalmente, quisiera mostrar mi espe-
cial reconocimiento ala Dra. Isabel Rabano, editora de la REM, por la cesién de un nimero de esta prestigiosa
revista parala publicacion de estos trabgjos.

Julio Rodriguez-Lazaro
Presidente, Fifth European Ostracodologists Meeting



FOREWORD

This issue contains selected papers from the themes presented at the Fifth European Ostracodologists
Meeting (EOM-V) at Cuenca (Spain), during July 20th to 28th 2003. Ninety Ostracoda specialists from 22 coun-
tries presented scientific contributions to this meeting. As a complement to the scientific activities, four diffe-
rent field-trips dealt with subjects as diverse as the recent karstic features in Cuenca, the Albufera Lake of
Valencia, the Santa Pola salt marsh, the Miocene of the Ebro Basin and the Devonian of the Iberian Chains
(Rodriguez-Lazaro & Baltanas, Eds., Serv. Editorial UPV, 2003).

The encounters among the European «ostracodologists» began in 1989 (EOM-1, Frankfurt am Main,
Germany) and they are organised every 3 or 4 years, alternating with the International Symposium on Ostracoda
(1SO), which started more than 40 years ago. Both meetings represent the highest standard of ostracod-based
research. Among other diverse applications, these microcrustaceans are very useful in palaeoenvironmental
reconstruction, due to their particularly wide geographical and temporal distributions. The study of these orga-
nisms brings together very heterogeneous research groups that include both palaeontol ogists and neontologists,
as well as specialists from such diverse fields as biogeochemistry, genetics and Global Change, in addition to
the classic fields of biostratigraphy, (palaeo)biogeography, (palaeo)oceanography and (palaeo)limnology.
Ostracods are sometimes of direct public interest, as seen in the recent attention paid by the mass media to the
oldest known male of the animal kingdom, a Silurian ostracod with its soft parts preserved in the Silurian of
Great Britain (Siveter et al., 2003, Science, and international newspapers).

The great diversity of the Class Ostracoda confers on it a further utility in the evaluation of the biodiversity
of avariety of ecological contexts from the Cambrian to the Recent. Modern representatives of this group are
very valuable modelsin the interpretation of the past environments, based on the appropriate application of uni-
formitarian clues. Multivariate statistical treatment of results based on modern ostracod data and geochemical
analyses of their valves constitute important examples of the most up-to-date investigations carried out on these
organisms.

| am indebted to all the colleagues who contributed to the EOM-V, to the Organising Committee and parti-
cularly Dr. Angel Baltanés, for the help they provided during the organisation of this meeting. | am also indeb-
ted to the patrons of this event: Ministerio de Cienciay Tecnologia, Universidad del Pais Vasco, Universidad
Auténoma de Madrid, Universidad de Valencia, Asociacion Espafiola de Limnologia and Junta de Castilla-La
Mancha. Our specia thank to the Director of the Science Museum of Cuenca (Dr. Jesis Madero) who kindly
provided the museum and facilities to make a success of thisEOM-V. Finally the editor wants to thank Dr. |sabel
Rabano as Chief Editor of the REM, for the publication of these papers in this international journal.

Julio Rodriguez-Lazaro
Chairman, Fifth European Ostracodol ogists Meeting
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CALCIFICATION IN OSTRACODES

D. KEYSER anD R. WALTER
Zoologisches Institut und Museum, Martin-Luther-King-Platz 3, D-20146 Hamburg, Germany.
E-mail: keyser@zoologie.uni-hamburg.de

Abstract

Ostracodes are often heavily calcified and their shell is mainly built of calcite. Investigations of the
carapace reveal a crystalline structure which differs from the structure of chemically precipitated cal-
cite. The calcium in the epidermal layer is concentrated in small globules which appear concentric
when sectioned. Analyses show that the main component of these globulesis calcium phosphate. When
released from the globules, the calcium penetrates the epidermal membrane to form tiny granules of
amorphous calcite outside the membrane. These gradually giveriseto calcite crystalswhich arethe main
constituent of the shell of an ostracode. In some weakly calcified ostracodes such as Cypria ophtalmica
the amorphous calcite is rarely transformed into calcite crystallites. Amorphous calcite, which dissolves
easily, is usually not substantial enough to fossilise. Therefore, shells of these animals are rare in fossil
samples.

Key words: Biomineralisation, Ostracode, amorphous calcite, carapace ultrastructure, SEM.

Resumen

L os ostracodos estan en general fuertemente calcificados y su concha esta basicamente compues-
ta por calcita. Investigaciones realizadas sobre € caparazon revelan una estructura cristalina que
difiere de la estructura de la calcita quimicamente precipitada. El calcio de la capa epidérmica pre-
senta una concentracion de pequefios glébulos que exhiben una estructura interna concéntrica. Los
andlisis realizados muestran que e componente mayoritario de dichos glébulos es el fosfato calcico.
Al liberarse delosglébulos, € calcio penetraen la membrana epi dérmica paraformar mintscul os gra-
nulos de calcita amorfa en el exterior de la membrana. Esto da lugar a crecimiento gradua de cris-
tales de calcita, que son los constituyentes mayoritarios de la concha de un ostracodo. En algunos
ostracodos débilmente cal cificados como Cypria ophtalmica, la calcita amorfa es raramente transfor-
mada en cristales de calcita. Esta calcita amorfa, a disolverse facilmente, fosiliza raramente. Como
consecuencia, las conchas de estos animales son raros en muestras fosiles.

Palabras clave: Biomineralizacion, Ostrécodo, calcita amorfa, ultraestructura del caparazon,
MEB.

INTRODUCTION

Osgtracodes are small crustaceans encased in acalcified
shell. They can be found in a variety of different habi-
tats from terrestrial such as wet moss and bromeliads
to freshwater and marine environments including the
deep sea. But in al casesthey are characterised by the
possession of a calcified carapace. Even the nauplius,
the first instar with its three pairs of appendages, pos-

sesses a dlightly calcified duplicature of the dorsal
cuticle which encases the whole body. The ostracode
carapace is shed by moulting up to eight times during
development to the adult animal. Asin other crustace-
ans, the cuticle of the carapace is mineralised with low
magnesium calcium carbonate in the form of calcite
(Kesling, 1951; Sohn, 1958). This differs from the
molluscan shell which contains aragonite. In addition,
the calcite is not recycled during moulting as happens
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in many malacostracean crustaceans, but is discarded
with the old carapace and thus has to be formed
again during calcification of the new shell (Turpen
and Angel, 1971).

The calcified shell consists of small crystalites
embedded in a chitinous and protein matrix (Bate and
East, 1972, 1975; Langer, 1973; Keyser, 1982;
Rosenfeld, 1979). Depending on the systematic rela
tionship, the microstructure of the adult carapace is
expressed in a variety of forms. The shell can be
amost completely built of calcite crystals as in the
Cytheroidea, or composed of parallel chitinous lame-
Ilae together with a layer of crystalites as in the
Bairdioidea and Cyprioidea. However, these different
calcification strategies can also be observed in larva
animals during the individual valve formation process,
depending on the length of time elapsed since the last
moult. For example, if the animal did not have enough
time to construct a fully calcified carapace, then the
shell may consist of mainly chitinous fibres. This is
also the case if animals live in an environment with
low calcium content, for instance in brackish water.

Here we present results from a detailed micro-ana-
tomical study of the calcification process, which
demonstrates that calcium is concentrated first in the
epidermal cell layer in the form of granules containing
calcium phosphate and chitin, which are expulsed into
the cuticular layer. Here the calcium phosphate is for-
med into amorphous calcium carbonate which, in a
final step, is transformed into crystalline calcite. Our
findings are essential not only for the understanding of

Ficure 1-SEM picture of fracture across the calcified cuticu-
lar layer of Bairdia sp.

the physiological and histological processes leading to
the construction of the shell, but are also fundamental
for the interpretation of the different internal structu-
res and the external appearance (ornamentation, spi-
nes, etc.). It will also contribute to models describing
the transfer of trace metals and stableisotopes from the
ambient water into the ostracode carapace.

emidi-cuticls

epiilermal lnyer

Ficure 2-TEM-section of the calcified cuticle of
Hirschmannia viridis.

FicurRe 3—SEM picture of fracture of the shell margin of
Candona neglecta.
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FIGURE 4—SEM picture of fracture through the shell of
Cyprideis torosa, showing the cells of the outer and inner
epidermal layer. The outer calcified layer is removed, rem-
nants of the chitin sheets are till visible.

be

FicurRe 6-SEM picture of fracture of a shell of a moulting
Heterocypris salina with calcified layer removed.

MATERIAL AND METHODS

Ostracodes of the species: Bairdia sp., Boreostoma
variabile (Baird, 1835), Hirschmannia viridis (Mller,
1785), Cyprideis torosa (Jones, 1950), Candona neglecta
(Sars, 1887), Cypria ophtalmica (Jurine, 1820) and
Heterocypris salina (Brady, 1868) have been investigated.
They were chosen on the basis of their preferred biotope,
representing marine, brackish, saline and fresh water envi-
ronments.

FiGurRe 5-Cyprideis torosa: SEM picture of the top of outer
epidermal cells just after moulting. (Calcified layer remo-
ved.)

The animas were either taken directly from their bioto-
pe or were kept in aquariawith origina water prior to study.

For SEM and TEM investigations the animals were
fixed in 3% glutardia dehyde in 0.05% phosphate buffer for
one to two hours, followed by three 15-minute washingsin
buffer alone. In addition, fixation with 2% osmium-tetra-
oxidein the same buffer was performed. Animalswere then
dehydrated in agraded series of ethanol from 30% to 100%
in 10% steps.

At this point the animals for SEM were critical point
dried in a Balzers CPT Dryer with CO,.. The animals were
broken in the dried stage with needles or with razor blades.
After a shading procedure with carbon in an evaporation
unit PD170AZ from Leybold-Heraeus the shells were
observed and photographed in a LEO 1525 SEM equipped
with an EDAX energy spectrometer.

TEM samples were decalcified in a drop of
Acetylchloride in 100% acetone (10 ml), embedded in
Spurr’s resin and cured for two days at 60°C. Sections
were cut on a Reichert-Jung Ultracut E. After staining in
uranyl-acetate and lead-citrate the sections were viewed
inaZeiss TEM 902 with an electron-filtering-system.

In some cases ostracodes were frozen alive in cold pro-
pane at -150°C. The frozen animals were cut in the Ultracut
E equipped with a freeze sectioning unit FC 4E manufactu-
red by Reichert-dung. After that they were kept in 100%
acetone at -80°C for four days and then slowly warmed to
room temperature with an extra change of 100% acetone.
They were dried in the CPT dryer, carbon coated and vie-
wed in the Leo 1525.
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Ficure 7-TEM Section of Heterocypris salina, showing the
outer border of the outer epidermis layer with electron
dense granules (g), the outer membrane of the epidermal
cell (m) and in the decalcified cuticle unstained areas assu-
med to be the space of platelets (pl).

Chemical analyses were performed on the bulk animals
in the SEM with the help of the energy dispersive micro
analysing system EDAX with the software Fal con. Electron
spectroscopic imaging (ESI) was performed on sections in
the TEM.

RESULTS

Sections and fractures through shells of some ostra-
codes (Hirschmannia, Bairdia sp.) show a calcified
crystaline outer layer and a mainly lamellate inner
layer without crystals (Figs. 1, 2). A fracture of the
shell of Candona neglecta shows only crystalline
structures underlain by living cells of the epidermis
(Fig. 3). The difference in structure of the outer epi-
dermal cells producing the calcified shell and the
inner epidermal cellswith their thin cuticle and osmo-
regulation capacities (Keyser, 1990) iswell defined in
the fractured shell of Cyprideis torosa (Fig. 4).
During moulting the outer epidermal layer seen from
the side shows the arrangement of cells beneath the
calcified cuticle as well as large amounts of granules
present within these epidermal cells (Figs. 5, 6). The

Figure 8—Hirschmannia viridis: SEM picture of a fracture of
an outer epidermal cell during moulting, with severa bro-
ken concentric granules (g).

granules are about one micron in size. Sections as
well as fractures show that these granules are con-
centric in their inner structure (Figs. 7, 8, 14). At
high magnification fractured dried specimens show
granules with smaller grains within, some of which
have dried to a crystalline shape (Figs. 10, 11, 12).
EDX and ESI analyses show that these granules con-
tain compounds of phosphorous and calcium with
only small amounts of carbon (Fig. 14). Chloride and
sulphur are also detectable in these small bodies
(Fig. 13).

epidermal laysr

caicium phoaphein &
oontaining granuiss

decaicified — . i % .

calckic cuticks - - "t L
— i ‘ .P r'} rl'
2 e ® £ Bhas

Ficure 9—Heterocypris salina: TEM section of the shell.



KEYSER-WALTER — CALIFICATION IN OSTRACODES 5

Ficure 10-SEM picture of broken epidermal layer of a moul-
ting Heterocypris salina showing the open granules (g)
and some crystals within (c).

Ficure 12-SEM picture of dried crystal (c) in the epidermal
granule in Heterocypris salina resembling a macroscopic
octo-calcium-phosphate crystal

Fig. 15 shows what might be the transition of the
contents of two granules across the cell membrane into
the calcified shell. Between the sectioned granule and
the outer membrane is an electron dense area which is
also visible outside the membrane and which appears
similar to parts of the decacified areas in the same
region.

At high magnification fractures of epidermal cells
show the outer structure of intact granules covered with

Ficure 11-SEM picture of broken epidermal granules of a
moulting Heterocypris salina with rounded crystals (c).

Ficure 13-Heterocypris salina: EDX-Analysis of agranulein
the outer epidermal cell.

short fibres (Figs. 16, 17). In some cases these granules
seem to release a homogenous substance (Fig. 17).
Outside the external cell membrane platelets are detec-
table, which, from their size and fine surface structure,
appear to be derived directly from the material in the
granules of the epidermal cells (Figs. 18, 19). A similar
fine structure is also present on the surface of each
crystal in the calcified shell (Fig. 20). Chemical analy-
ses reved that these crystals have a calciting origin
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Figure 15-Heterocypris salina: TEM section through the bor-
der of the outer epidermal cells with the calcified layer
showing granules and part of the platelets (pl). (Please
note the electron dense area (D) between the calcified FiGUrRe 16-SEM picture of granules (g) of the cells in the
cuticle and the granule, bridging the cell membrane area). outer epidermal layer of Heterocypris salina.
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(Fig. 21). However, their appearance differs from that
of mineral calcite which has a smooth surface wit-
hout fine structures (Fig. 23). The transition from the
platelets just outside the epidermal cell membrane to
the final crystalline arrangement is achieved by a
temporary formation of very small (<30 nm) calcitic
granules (Figs. 19, 22).

In Boreostoma variabile the crystals adjacent to
the epidermal cells are very small and show fine

granular features on the side facing the epidermal
cells (Fig. 24). In the hinge region in Boreostoma
this fine granular substance is present between the
chitinous fibres which are the main component in
this region (Fig. 25). The size of these granules is
about 20 to 30 nm. Small granular substances are
also present just above the cell membrane of the
outer epidermal layer in Candona (Fig. 26),

Cyprideis and Cypria.

Ficure 17-SEM picture of calcification granules (g) of the
outer epidermal layer of Heterocypris salina with chitin
fibres and the presumably liquid substance (Iq) emerging
from the granule.

Ficure 19-SEM picture of surface of the inside of the calci-
fied outer cuticle, showing platelets (pl) and parallel chitin
fibres (st) in Heterocypris salina.

Ficure 18-SEM picture of inside view of outer calcified cuti-

cle with platelets (pl) of granule material in Heterocypris
salina

FicurRe 20—-SEM npicture of calcite crystals (c) in the calcified
cuticle of the shell of Heterocypris salina.
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Ficure 21-Heterocypris salina: EDX-Analysis of the fracture
face of crystal.

FiGUrRe 23—-SEM picture of calcite crystals from the European
Alps.

DISCUSSION

The calcified shell of ostracodes has been studied
by many authors. G.W.Mlller (1894) separated the
chitinous layer from the outer calcified layer and found
several lamellar striated chitinous shells in myodoco-
pids. Schreiber (1922) mentioned an inner chitinous
layer and an outer calcified layer. Kesling (1951)
determined the crystalline structure in the shell as cal-
cite. Sohn (1958) reported the different chemical cons-
tituents within the shell. He cited Kinser who found
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FiGURE 22-SEM picture of transition of platelet material to the
calcitic shell cuticlein Heterocypris salina.

Ficure 24-Boreostoma variabile: SEM inside view of the cal-
citic layer with the epidermal cells removed. (Please note
the extremely fine globules on the crystals).

12,8 % protein, 2,2% chitin, 82,7% calcium carbonate
and 1,9% trace elements in Chlamydotheca. Sohn
(1958) found 80-90% calcium carbonate and 2-15%
organic material together with many trace elements
such as K, Mg, Si, Al, Sr and Ba. Hartmann (1966)
cited Dudich (1931), Zaanyi (1944) and Kesling
(1951) who showed that the main mineral in ostracode
shellsis calcite and not aragonite as in molluscs.
Hartmann’s (1966) explanation regarding the orga-
nic support of the calcified carapace was based mainly
onwork done by Fasshinder (1912) and isincorrect, as
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FIGuRe 25-Boreostoma variabile: SEM picture of hinge area
with chitin fibres (ch) and fine calcitic granules (gr).

shown in studies by Joergensen (1970), Bate and East
(1972), Langer (1973), Bate and Sheppard (1982) and
Rosenfeld (1979).

All these authors confirm what Maller (1894) had
already illustrated, that there are three different mecha-
nisms of chitinous support in the calcified carapace: a
layered chitinous lamella, a penetration of chitin per-
pendicular to the surface, and a form of network.
Rosenfeld (1979) and Dépéche (1982) were the first to
illustrate granules in the living epidermal layer and
tried to explain the secretion process of the carapace.
Our results are in agreement with these findings.

The carapace is built from chitinous and crystalline
layers (Figs. 1, 2). The epidermal layer secretes both of
these substances. Particularly during moulting large
amounts of granules are present in the outer epidermal
layer (Figs. 5, 6; Rosenfeld, 1979). These granules
contain calcium phosphate in addition to sodium,
potassium, chloride and sulphur (Fig. 13). It isinteres-
ting to note, given these latter elements, that neither
magnesium nor strontium (known to be present in the
fully calcified valves) are present in these small intra-
cellular bodies. In some instancesthe crystalline grains
in these granules show a structure similar to that of
large artificialy produced crystals of octo-calcium-
phosphate (Fig. 12). This also proves that the material
in the granules is apatite. During the ongoing process
the apatite is secreted through the outer epidermal cell
membrane in the area beneath the shell. This can be
achieved by several mechanisms. 1) It can be trans-
ported actively by an energy consuming process

FiGURe 26-SEM picture of fracture of shell of Candona
neglecta, showing the transition of calcitic material from
cell to crystals.

through the membrane. This is not very likely, since
mitochondria, which would be necessary to fuel this
process, are not sufficiently present in the area. 2) There
could be an eccrine secretion of the contents of these
granules, but we did not observe a stage in any of our
sections which could provide evidence for such a secre-
tion. Instead we found an electron dense stained area
directly at the border of the membrane and the granule
(Fig. 15). Whether this could be an osmotic or mem-
brane driven process is not yet clear. But it is interes-
ting that the material released from the cells givesrise
to platelets on the inner surface of the new shell. The
volume area of asingle platelet corresponds well with
the contents of one of the granules. The platelets are
aso digtinctly separated from each other, probably by
an organic substance (proteins?) (Figs. 18, 19). The
platelets then lose their distinct form and build groups
of very tiny granules of not more than 20 nm in dia-
meter (Figs. 22, 26). However, at this stage, the mate-
rial is aready calcium carbonate and not phosphate
(Fig. 21). Compared with the carbonate deposits in
Porcellio scaber in a recent paper by Becker et al.
(2003), these tiny little granules are also thought to
represent an amorphous cal cium-carbonate. Due to its
higher solubility, this amorphous material can pro-
bably be mobilised by the animal. If the amorphous
calcium-carbonate remains in the region for a longer
period, it will eventually crystallise and produce the
typical crystasin the shell of an ostracode (Figs. 20,
26). In some ostracodes, for instance in the genus
Cypria, the main congtituent of the shell remains the
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amorphous materia (asin Fig. 25), so that these ani-
mals only rarely become fossilised. In shells of adult
specimens of other genera al the amorphous materia
has already crystallised and so no amorphous
material isleft. In the larval stages on the other hand
crystallisation is not complete and the animals have
weaker shells.

Summing up, prior to moulting the ostracodes begin
producing shells by storing a huge amount of calcium
phosphate granules together with chitin precursors in
the outer epidermal cells. These granules release their
contentsinto the extra-cellular space directly outside the
epidermal cells. This material is transformed into small
platelets, each about the size of one granule. The plate-
lets are no longer made of calcium phosphate but of cal-
cium carbonate. These platelets disintegrate into small
granular structures, which appear to be amorphous cal-
cite. This granular substance then forms the crystals,
which, in connection with chitin and proteins, build the
shell of the ostracode. These statements are true for all
investigated animals whether they are freshwater or
marine organisms.

Several questions regarding the secretion of the cal-
cified cuticle in ostracodes remain:

1. How are the contents of the intracellular granules

released to the outside?

2. Where and when are the environmentally induced
trace elements such asMg, S, etc., incorporated in
the shell crystals? Can the higher abundance of
nano-granular amorphous calcium carbonate
explain the usually higher Mg-concentration in
juvenile shell materia?

3. Isthere an acidic micro milieu area present in the
crystalisation process as suggested by Keatings
(2002) and von Grafenstein (EOM V, abstract) to
explain the positive O'-offset of most ostracode
valve carbonate compared to a theoretical calcite
in isotopic equilibrium?

These points must be discussed and investigated bea-
ring in mind the observation of Turpen and Angel
(1971) that al the calcium secreted by the animal origi-
nates from the surrounding water and not from a stora
ge within the animal. Therefore, another important step
involved in the ostracode calcification process, the
transport of those large amounts of calcium into the epi-
dermal cells— hasto be investigated.
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Abstract

Patterns of morphological disparity are explored at different taxonomic levels within the ostracod
superfamily Cypridoidea Baird, 1845. Valve outlines for 171 species in four families, fifteen subfa
milies and forty genera have been extracted from existing literature and analysed using elliptic
Fourier analysis. Once ostracod shapes are characterized numerically, the cypridoidean (empirical)
morphospace is described accordingly. The position of the ostracod species within the morphospace
allows the computation and comparison of the morphological disparity in different groups, as well as
their relative contribution (partial disparity) to overall morphological variation. The family
Candonidae is the group with the highest diversity in valve shape and accounts for more than 50% of
total disparity in the superfamily. Mixtacandona and Cypria, with their extreme shapes, are mainly
responsible for that pattern. However, as compared to the Cyprididae, taxonomic diversity of cando-
nids is low suggesting that morphological diversity might better reflect ecological processes (e.g.
adaptation to extreme environments) than branching phylogenetic patterns.

Key words: Morphometrics, disparity, non-marine ostracods, taxonomic diversity.

Resumen

Se exploran los patrones de disparidad morfol 6gica en diferentes nivel es taxondmicos dentro de la
superfamilia de ostracodos Cypridoidea Baird, 1845. Se han obtenido de laliteraturalos contornos de
las valvas de 171 especies pertenecientes a cuatro familias, quince subfamiliasy cuarenta géneros, y
su forma ha sido analizada mediante el uso del andlisis eliptico de Fourier. Una vez que los contor-
nos han sido caracterizados numéricamente, se procede a construir el morfoespacio empirico de la
superfamilia. La posicion de las especies en dicho morfoespacio permite el calculo y la comparacion
de ladisparidad morfol 6gica entre diferentes grupos, asi como de su contribucién relativa (disparidad
parcial) alavariacion morfoldgicatotal. Los Candonidae son € grupo con la mayor diversidad mor-
fologica, que supone més del 50% de la disparidad tota en la superfamilia Los géneros
Mixtacandona y Cypria, con sus formas extremas, son los principales responsables de esta circuns-
tancia. Sin embargo, por comparacion con los Cyprididae, la diversidad taxondmica de los candéni-
dos es baja y sugiere que la disparidad morfoldgica es mas € reflejo de procesos ecoldgicos (p. §.,
adaptacion a ambientes extremos) que de bifurcacion filogenética.

Palabras clave: Morfometria, disparidad, ostracodos no-marinos, diversidad taxondmica.
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INTRODUCTION

Disparity, the amount of morphological diversity
within ataxon, has become amajor topic in evolutionary
and systematic biology (Briggs et al., 1992a; Foote,
1992a; Foote, 1996a; Foote, 1997a). Researchers have
largely approached studies on morphological disparity
within a grand-scale evolutionary framework (Knoll et
al., 1984; Foote, 1992a; Foote, 1993bb; Foote, 19974;
Wagner, 1997), but enquiries with a heavy ecologica
bias are common as well (Hertel, 1994; Ricklefs &
Miles, 1994; Van Vakenburgh, 1994). Indeed, evolutio-
nary and ecological arguments must necessarily concur
on most hypotheses willing to explain the origin and pat-
tern of morphological diversity (Foote, 1997g;
Ciampaglio, 2002). Many taxonomic groups (blastozo-
ans, blastoids, crinoids, trilobites, foraminiferans, bra-
chiopods, ammonoids, gastropods, mammals) have been
the subject of studies on disparity (see Foote, 1997a for
references), and ostracods (Crustacea, Ostracoda) are no
exception to that rule (Benson, 1975; Benson, 1976;
Oertli, 1976; Whatley & Stephens, 1976; Benson, 1981;
Benson, 1982; Benson et al., 1982; Reyment, 1982,
Reyment, 1985a; Reyment, 1985b).

Taking advantage of the recent progress experien-
ced by both the quantitative measure of morphological
disparity (Briggs et al., 1992b; Foote, 1992a, 1992b,
1993a, 1993b, 1997a, 1997b; Wills et al., 1994;
Ciampaglio et al., 2001) and morphometric analysis
(Rohlf, 1990, 1998; Bookstein, 1991, 1996; Rohlf &
Marcus, 1993; Zelditch et al., 1998) we here address
the exploration of morphospace occupation patternsin
a major group of recent non-marine ostracods, the
superfamily Cypridoidea Baird, 1845.

The Cypridoidea belong to the Podocopida Sars,
1866, which is the most diverse and widely distribu-
ted order among recent ostracods and the only one
with non-marine representatives (Martens et al.,
1998; Smith & Horne, 2002). The oldest representa-
tives of Cypridoidea were identified in Devonian
sediments (c 400 Myr) (Maddocks, 1982), although
diversity in the group burst much later, during the
Upper Jurassic (¢ 165 Myr) (Whatley, 1992; Martens
et al., 1998). In addition to the Cypridoidea two
other podocopid superfamilies have invaded conti-
nental habitats too: Cytheroidea Baird, 1850 and
Darwinuloidea Brady & Norman, 1889. However, the
Cypridoidea are dominant in continental habitats
standing for nearly two thirds of the described Recent
non-marine ostracod faunas, e.g. in Europe (Loffler
& Danielopol, 1978), Africa and/or South America
(Martens, 1998).

The superfamily Cypridoidea includes four
Recent families: Cyprididae, Candonidae,
Ilyocyprididae and Notodromadidae (see Appendix
for comprehensive taxonomic information). The
Cyprididae are the more diverse of them all with a
number of described extant species approaching
1,000 and some estimates on expected actual diver-
sity which double that figure (Martens et al., 1998).
Morphological diversity in the group runsin parallel
to its taxonomic diversity with size ranging from the
exceedingly small (less than 0.5 mm) to ‘giant’ spe-
cies (more than 6 mm) and shape varying enormously
as well (elongated, triangular, globose, subquadrangu-
lar, etc.). Candonidae follow cypridids in taxonomic
diversity but beat them in morphological and ecologi-
cal plasticity. Candonids —early 500 species have been
described in Europe and Asia (Loffler & Danielopol,
1978; Martens et al., 1998)— occur in both epigean
habitats and groundwater systems. And the only mari-
ne lineage within the Cypridoidea, the Paracypridinae,
belongs to the Candonidae too. Ilyocyprididae and
Notodromadidae, the remaining two families, are spe-
cies-poor lineages (less than hundred species each), the
former with an almost invariant carapace morphology.

Within this framework we here address the search
for patterns of morphological disparity at different taxo-
nomic levels (families and subfamilies) within the
Cypridoidea. Our aim is descriptive rather than evolu-
tionary because the temporal dimension is not conside-
red here but only recent species from a limited geogra
phical range (Europe) will be included and, in doing so,
our capabilities for making evolutionary inferences are
severely limited. However, given the enormous amount
of extant and fossil species involved and the uneven
information available for different geographic areas, an
attempt at a more modest scale sounds much more rea
listic as afirst step.

Additionally the relationships between morpholo-
gical and taxonomic diversity and the likely links be-
tween disparity and species environment will be
explored as it has been suggested that selective pres-
sures imposed by the physical structure of the habitat
might have been of paramount importance in carapa-
ce shape evolution in these crustaceans (Danielopol,
1977, 1978, 1980a).

MATERIAL AND METHODS

Valve outlines from representatives of 171 recent
species of non-marine ostracods in the superfamily
Cypridoidea were digitized using scanned images
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from the literature (see Appendix). All sources refer to
European (Russia not included) localities. This sample
represents approximately 50% to 60% of the cypridoi-
dean speciesrecorded in the area (Martens et al., 1998;
Horne et al., 1998). Representatives of all four fami-
lies also have been included in numbers that parallel
their proportional diversity at the continental scale:
Cyprididae - 81 spp (47%); Candonidae - 81 spp.
(47%); llyocyprididae - 6 spp. (3.5%) and
Notodromadidae -3 spp.(1.7%).

Given that the focus of the study is on patterns of
disparity at ranks above the genus level, sources
of variation at levels below (like sexua dimorphism or
asymmetries between left and right valves) must be
kept to a minimum when not completely removed.
Here femal es were selected over males because the lat-
ter have not been described for a significant number of
cypridoid species which reproduces parthenogeneti-
cally (Horne et al., 1998). Right valves were preferred
over left valves because in many species this is the
valve which contains more morphological details due
to its functiona role in the closing of the carapace
(Bdtands & Geiger, 1998). Still, female left valves
were used for three species (Isocypris beauchampi,
Psychrodromus betharrami and Ps. robertsoni) for
which we were not able to find any illustration of a
right valve. Similarly, no proper illustration of afema
le of Paracandona euplectella was known to us.
Accordingly we used the outline of the left valve of a
male as redrawn by Meisch (2000) from Klie (1938)
(see Appendix). Outlines, each one containing between
1,700 and 2,200 points, were digitized using tpsDig
1.311 software (Rohlf, 2001). These origina outlines
were smoothed by taking a weighted moving average
over three successive coordinate points (Haines &
Crompton, 2000),

P | 1 1
|:(xi1yi) = Z(xi—lvyi—l) + E(xilyi) + Z(xi+llyi+1)i|

and scaled to centroid size (Dryden and Mardia, 1998).
Elliptic Fourier analysis (EFA)(Kuhl & Giardina,
1982), a Fourier technique for fitting functions to cur-
ves that has been extensively used with ostracods
(Batanas & Geiger, 1998; Baltands et al., 2000;
Baltanas et al., 2002; Danielopol et al., 2002) and
other groups of organisms (Rohlf & Archie, 1984;
Ferson et al., 1985; McLellan & Endler, 1998; Smith
& Bunje, 1999), was applied to the ostracod outlines.
The analysis results in a series of harmonic coeffi-
cients that were mathematically normalized to be inva-
riant to rotation and digitizing starting point (Ferson et

al., 1985). These coefficients, which can be used to
reconstruct the original outlines, were used as shape
descriptors in subsequent analysis. Because ostracod
valve outlines have rather simple shapes few harmo-
nics are enough to describe them accurately. We have
here used twenty harmonics (77 non-trivial coeffi-
cients), a number which assures goodness-of-fit above
97% between original and reconstructed outlines.
Goodness-of-fit was measured as the mean distance
between each point of the reconstructed image and the
closest point in the original outline (McLellan &
Endler, 1998).

We used principal component analysis (PCA) per-
formed on the variance-covariance matrix of all
77 shape variables produced by EFA to construct
an empirical morphospace for the superfamily
Cypridoidea. It has been argued that performing PCA
on the covariance matrix, as compared to correlation
matrix, will diminish or even eliminate any influence
of higher order harmonics because EFA effectively
downweights al harmonics above the first (successive
harmonics describe progressively finer details of the
outline) (Haines & Crampton, 2000). Nevertheless,
that is not necessarily a drawback of the method but
depends on the aims of the study. In the present case
our interest is on discriminating shapes by giving pre-
ference to general features over fine details. Sharing a
tiny spine in the rear part of the valve, for instance,
does not make two species as similar as if they were
both equally triangular in overall shape.

Morphological disparity is defined as the amount
of empirical morphospace which is occupied by a
group of taxa. Such variable is here estimated from
the locations of the species (i.e., the species scores)
within the multidimensional space defined by PCA
axes. Accordingly PCA eigenvectors were scaled to
1(i.e., their length set to unity) to preserve Euclidean
distances among objects (Marcus, 1993; Legendre &
Legendre, 1998). Among the many possible ways of
measuring morphological disparity (MD) we have
selected the mean squared Euclidean distance

wo = 5d/w-1 where d? is the squared Euclidean dis-
tance between object i from the group centroid and N
is the total number of observations (=species number)
(Foote, 1993a; but see Ciampaglio et al., 2001) for
other indices of morphological disparity). MD is stan-
dardised to be independent of sample size (number of
species in the group) so that the amount of morphos-
pace occupied is not a function of the number of taxa
included in the analysis (Foote, 1993a). There is no
meaning in computing MD for the superfamily
Cypridoidea as a whole (we have nothing else to com-
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pare to), hence morphological disparity is calculated
only at the family and the subfamily levels using the
corresponding centroids on each case.

The advantage in using MD as index of morpholo-
gical disparity is that it can be partitioned among its
several component subgroups. The contribution of
each taxonomic subgroup j to the group MD is estima
ted as partial disparity pp, = sal/(N-1)(MD = 5 PD))
(Foote, 19934). 7 [

Partial disparity is not dependent on subgroup size
or variability within the subgroup but on the location
of its members with respect to the overall centroid.
Subgroups with alow number of members can contri-
bute significantly to the group-MD if they have shapes
which greatly differ from the group mean shape.
Subgroups peripherally distributed in the morphospace
have larger partial disparities than those placed close
to the group centroid. It is like having hundreds of cir-
cles in a painting; a single square will add more
morphologica disparity to the whole group that any
number of new circles we could add.

Here we have computed contributions to overall
disparity in the superfamily Cypridoidea at the family,
subfamily and genus levels. Given that the 171 species
we are dealing with are just a sample of all the recent
Cypridoideait is helpful to attach a measure of varia-
bility to our estimates. However, data like these, with
a taxonomic structure behind, are neither independent
nor random so that standard parametric statistics can-
not be applied (Harvey & Pagel, 1991). Instead we use
the bootstrap to estimate both morphological and par-
tial disparities and their variability, here expressed as
the standard deviation of the bootstrap replicates, at all
taxonomic levels selected by randomly drawing spe-
cies within each genus with replacement (5,000 repli-
cates) (Foote, 1992ab; 19934). Variability in morpho-
logical disparity (VarMD) reflects the symmetry in the
distribution of taxa around their group centroid
in the morphospace; whereas variability in partial dis-
parity (VarPD) measures shape redundancy within a
group and its relative position to the overall centroid.
The more similar the shapesfor all the elementswithin
a group (be it a genus, a subfamily or a family) the
lower the expected variability in any statistic which is
computed from samples randomly drawn (with repla-
cement) from that group. PD estimates can be expres-
sed either in their original units or as percentages of
the overall disparity).

Morphological disparity is also related to diversity
and to mean carapace size in the group. Diversity is
measured both as species richness and as variation in
taxonomic distinctness (VarTD or A+), anindex which

evaluates the unevenness of the taxonomic distribution
of lower rank taxa within higher rank groups (Clarke
& Warwick, 2001). Carapace size, which is a highly
variable feature within a species, has been roughly
approximated from records in the literature (see
Appendix). For groups above the species level an ave-
rage value was estimated.

RESULTS

Only 15 PCA axes (out of 77) were retained for
further analysis as they explained 99.58% of the total
variance in the origina data set. Indeed, 88.26% of
variance in the empirical morphospace is already
explained by the first two PCA axes (Figure 1). First
axis (77.79%) ismainly related to degree of elongation
of outline shape with more rounded outlines
(Notodromas, Cypria) located on the left side and
those more lengthy (Phreatocandona and some
Mixtacandona) on the right end side (Fig. 1). The
second axis reflects changes in the triangularity of val-
ves. those more quadrangular (e.g. Ilyocypris spp.,
Paracandona euplectella) are displaced upwards and
those triangular downwards (e.g.: Mixtacandona taba-
carui, Potamocypris fulva).

Relative positions of membersin each family within
the two-dimensiona morphospace are displayed in figu-
re 2 whereas mean morphologica disparity (+standard
deviation) at the family and subfamily level are plotted
in figure 3. Candonidae and Cyprididae differ mar-
kedly in disparity with the former occupying a larger
portion of the morphospace than the latter (Fig. 2A-B
& 3). Although both groups seem to coincide signifi-
cantly within the 2D-morphospace plotted in figure 2

Ficure 1-Distribution of Cypridoidean shapes (black dots)
within the empirical morphospace as defined by the first
two axes of a PCA (88.26% of total variance). Outlines are
reconstructions of hypothetical shapes in different loca-
tions to better illustrate shape gradients within the two-
dimensional morphospace.
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FIGURE 2—Morphospace occupation in Recent Cypridoidea.
The empirical morphospace has been split into three plots
to better show disparity within each family. Centroids for
families (black dots) and subfamilies (grey dots) are inclu-
ded only for, Candonidae and Cyprididae, the species-rich
groups.

(A-B) there is indeed a rather non-overlapping distri-
bution as estimated from discriminant analysis perfor-
med on species positions within that morphospace
(PCA scores for first fifteen axis) which produces
89.5% correct classifications in average. Taxonomic
structure within each family, measured as variation in
taxonomic distinctness, also differ for both families
(A cvpripioae =0.421; A" canponipae =0.387) reflecting
a more even distribution of species among genera and
of generaamong subfamilies in the Candonidae as com-
pared to the Cyprididae. Whereas half (7 out of 14) of
the generain the Candonidae includes only 1-2 species,
five of the remaining seven genera include 8 species at
least (10% of the total richness in the family). In the
Cyprididae, however, there are few highly speciose
genus (Eucypris — 21 spp.; Heterocypris — 9 spp.;
Potamocypris— 9 spp.) and many (14 out of 23) genera

with 1-2 species only. Taxonomic structure at the subfa
mily level is rather smple in the Candonidae with two
subfamilies only: the Cyclocypridinae (17% of total
species richness) and the Candoninae (83% of total spe-
cies richness). In the Cyprididae there are many more
subfamilies (10) but three of them (Eucypridinae,
Herpetocypridinae and Cyprinotinag) include 60% of all
the gspecies in the group. Other families involved,
Notodromadidae and Ilyocyprididae, are much less
diverse morphologicaly (Figs. 2C, 3).

At the subfamily level the most morphologically
diverse group and the one with highest species rich-
ness is the subfamily Candoninae (67 spp.), followed
by the Eucypridinae (29 spp.), the Herpetocypridinae
(12 spp.) and so on (Fig. 3). Some groups, like the
Cyprinotinae (9 spp.), are highly redundant in shape as
compared to less speciose groups like the Cypridinae
(2 spp.) or the Cypricercinae (4 spp.) (Fig. 3). These
latter groups, athough including very few species,
expand over a portion of the morphospace much larger
than the Cyprinotinae.
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Ficure 3—Estimates of morphological disparity (mean + SD)
within families (white dots) and subfamilies (black dots) in
the Cypridoidea (bootstrap estimates from 5,000 replica-
tes).

At the genus level there is a decreasing gradient in
morphological disparity from Schellencandona to
Dolerocypris (Fig. 4), with Mixtacandona outstanding
as the most morphologically diverse genus of them all
(Fig. 4).

Partial disparities, the contributions to overall
morphological disparity at different taxonomic ranks,
are displayed in figures 5 and 6. Overall disparity in
the superfamily Cypridoidea has been split into contri-
butions by families, subfamilies and genera within
(Fig. 5A-B). Candonidae explain more than half
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Ficure 4—Estimates of morphological disparity within genera
in the Cypridoidea. Genera with only one species are not
included as they have null morphological disparity. Sets of
outlines for some representative genera (Mixtacandona,
Cypria, Sarscypridopsis, llyocypris and Dolerocypris) are
displayed.

(59.5%) of the overall disparity in the Cypridoidea,
followed by the Cyprididae (31.6%), Notodromadidae
(6%) and llyocyprididae (2.9%) (Fig. 5A). At
the subfamily level the Candoninae (39%) and the
Cyclocypridinae (20%) are the mgor contributors to
total cypridoidean disparity (Fig. 5). Indeed there is no
main valve shape type left unexplored by those cando-
nid groups which spread aong the main axis of the
morphospace (Fig. 2A). However, not al the generain
both subfamilies contribute equally but Mixtacandona
and Cypria, which show extreme shapes, are largely res-
ponsible for the high PD of candonids (Fig. 5B). All
subfamilies in the Cyprididae, llyocyprididae and
Notodromadidae are of less quantitative importance to
disparity in the superfamily (Fig. 5A). Still some cases
are remarkabl e because of their disparate contribution as
compared to their traxonomic diversity. For instance,
the Dolerocypridinae, which include two species only,
are ‘outsders in the morphospace (see Fig. 2B) and
hence have a striking contribution to overall shape
diversity (PD=6.6%). Such a pattern isrepeated, but less
markedly, for the Notodromadinae (PD=4.8%) and
the Ilyocypridinae (PD=2.6%). Notice that Eucypris,
the genus with the highest taxonomic diversity (21
spp.), contributes less to total disparity in the
Cypridoidea (PD=5.4%) than the species-poor genus
Dolerocypris (2 spp.) (PD=6.6%) (Fig. 5B).
Contributions provided by subfamilies and generato
disparity at the family level are plotted in Figure 6.
Digparity estimates have been computed for Cyprididae
and Candonidae only given that Ilyocyprididae includes
no more than one genus in a single subfamily and that
Notodromadidae only has two genera and two subfami-
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lies (Fig. 6A-D). As expected due to its higher species
richness (67 vs. 14) and its wider range of valve shapes,
Candoninae are more meaningful than Cyclocypridinae

to overall candonid disparity (Fig. 6A). At the genus

level, however, results are not so self-evident. Major
contributors are not the most species-rich genera
(Candona-18 spp., Fabaeformiscandona — 14 spp.
and Pseudocandona — 13 spp.) but Mixtacandona and
Cypria, with 9 and 8 species respectively.

Within Cyprididae most of the morphological dis-
parity is provided by Dolerocypridinae, Eucypridinae,
Cypridopsinae and Herpetocypridinae at the subfamily
level (Fig. 6C), and by Dolerocypris, Eucypris,
Herpetocypris and Potamocypris at the genus level
(Fig. 6D).

The contribution of the several genera to morpho-
logical disparity at the subfamily level does not differ
greatly from patterns observed for the family or super-
family levels (Fig. 7). Still, some variations are worth
to be stressed. For instance, Trajancandona and

Pariinl Cimpariy |5

Ficure 5—Partia disparities (mean contribution +SD) of fami-
lies and subfamilies (A) and genera (B) to overall morpho-
logical disparity in Recent Cypridoidea (bootstrap
estimates from 5,000 replicates).
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Ficure 6—Partial disparities (mean contribution +SD) of subfamilies and genera to overall morphologica disparity in Recent
Candonidae (A, B) and Cyprididae (C,D) (bootstrap estimates from 5,000 replicates).
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Ficure 8-Relations of partial disparities at the genus level (contributions to overall disparity within the Cypridoided) to valve size
and species richness. Dashed lines correspond to the lineal regression model (Mixtacandona and Cypria excluded, see text).

Senocypria do significantly contribute to disparity wit-
hin the Candoninae (Fig. 7A) and the Herpetocypridinae
(Fig. 7E), respectively, although both are of minor
relevance to total disparity in their corresponding
families, Candonidae (Fig. 6B) and Cyprididae (Fig.
6D).

Finally, the contributions (PDs) of all the generain

the analysis to overall disparity in the Cypridoidea are
related to species richness and average size with
Cypria and Mixtacandona as noteworthy outliers (Fig.
8).
After discarding both cases from the anaysis par-
tial disparity shows a dlight but significant positive
correlation with generic species-richness (Spearman
R=0.7094; p<0.0001) and no significant correlation
with carapace average size (Spearman R=-0.0554;
p=0.741) (Fig. 8).

DISCUSSION

The Candonidae show higher morphological dispa-
rity than the Cyprididae; i.e. candonids occupy alarger
portion of the cypridoidean morphospace and explore
awider range of carapace shape types than cypridids.
At the subfamily level the Candoninae outrun in dis-
parity al the others, including the candonid group
Cyclocypridinae and all subfamiliesin the Cyprididae.
And a gradient exists at the genus level running from

low variable highly redundant groups of species
(Dolerocypris, Plesiocypridopsis, Cyclocypris) to
those with a extreme disparity (Mixtacandona and
Cypria). All these statements might be no surprise for
most practitioners of ostracodology but thisis the first
time that they are demonstrated on a quantitative basis,
and hence, fulfil one aim of this study —to test whether
the methodological approach that we applied here
can provide insights into morphologica patterns of
groups within a medium-rank taxonomic level, the
Cypridoidea—.

Differences in disparity between Cyprididae and
Candonidae seem not to be related to taxonomic diver-
sity —estimated as species richness— because the same
number of taxonomic units (N=81) was used for both
families. However, taxonomic structure differs dra-
matically between them. Candonidae (81 species in
14 genera and 2 subfamilies) has a much simpler
structure than the Cyprididae (81 species in 23 gene-
ra and 10 subfamilies). Taxonomic structure in the
candonidsis not only simpler but aso more balanced,
as shown by the slightly lower variation in taxonomic
distinctness in that family. If taxonomic structure is
to be used as a proxy for the geometry of branching,
then one should conclude that evolutionary processes
in the Candonidae promoted the appearance of low
rank taxonomic units (species) within alimited array
of higher rank levels (genera and, mainly, subfami-
lies). But, what is the role of carapace morphology in
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this context? Well, we should not expect a perfect
match between morphological disparity and taxono-
mic diversity. Disparity at lower taxonomic ranks
(e.0. genera and subfamilies) is likely to reflect pat-
terns of species richness more than branching pat-
terns (Foote, 1992, 1996b). So differences between
lineages (e.g. Candonidae and Cyprididae) might
result from the existence of different morphological
constraints in each clade; although there are alterna-
tive processes —e.g. adaptive radiation or selective
extinction— which could explain those patterns too
(Simpson, 1953; Foote, 1993). One of those proces-
ses is ecological specialization; i.e. adaptation to
narrow ecological niches. Specialization requires the
acquisition of non-standard morphologies better
equipped for a more efficient exploitation of a given
microhabitat. If extreme forms are ecologically more
specialized (Foote, 1993) then candonids must have,
on average, narrower niches than the cypridids.
Although that hypothesis has to be tested rigorously
there are some preliminary observations to support it.
For instance, those elongated forms in the genus
Phreatocandona and Mixtacandona which occupy
peripheral location in the morphospace belong to
highly specialized, troglobitic organisms.

Still another argument can be invoked as a likely
explanation for diverging patterns in morphological
disparity between Candonidae and Cyprididae: how
taxonomy is done on both groups. Whenever clades to
be compared do not result from using similar taxono-
mic criteria for the recognition of subfamilies, genera
and species, and as far as taxonomic work is idiosyn-
cratic then any kind of analysis of the processes behind
the observed patternswill be severely hampered. (Non-
marine) ostracodology has been, and continuesto be, a
meeting point for a large number of paleontologists
and neontologists, scientists with different training and
aims, doing their work in places all around the world
and experiencing the influence of avariety of scientific
traditions. Working with fossils constrains the sort of
features (mainly morphological characters in the cara-
pace) which can be used for taxonomic purposes.
Neontologists do use limbsin addition but the type and
amount of characters considered have changed signifi-
cantly through time posing some uncertainty in the
taxonomic status of many taxa which were described
previously. For instance, features of the hemipeniswere
not used in the taxonomy of the Candoninae until intro-
duced by T. Petkovski and D.L. Danielopol in the late
‘60s (Petkovski, 1969; Danielopol, 1969), and those
characters remain unused (they are inapplicable) in fos-
sl species. ‘ Splitters’ and ‘lumpers also exist among

ostracodologists and despite valuable attempts to
review and update existing information for some res-
tricted taxonomic groups (e.g. Martens, 1990; Gon-
zdez-Mozo et al., 1996; Martens et al., 1997; Na
miotko & Danielopol, this volume) or geographic areas
(Meisch, 2000) a lot of work is still to be done.

In the confidence that rigorous scientific knowledge
must rest on sound and reliable observations the aim of
this paper is not to provide explanations but to detect
patterns concerning shape variability in ostracod cara-
paces. For doing that, methods for the analysis of shape
variability have been applied to a set of valve outlines of
a series of species belonging to the Cypridoidea.
Undoubtedly, the time dimension, which has not been
included here, is badly needed for a more comprehensi-
ve understanding of the whole picture (notice, for ins-
tance, that although some of the ‘hypothetical’ shapes
depicted in figure 1 do not correspond to any recent spe-
cies they are indeed redlised in the fossil record).
Concluding, it is our contention that the careful study
of such patterns should lead to the formulation of tes-
table hypotheses about the evolutionary and ecol ogical
processes involved.
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APPENDIX
TAXONOMIC INFORMATION

SUPERFAMILY CYPRIDOIDEA BAIRD, 1845
Family Candonidae Kaufmann, 1900

Subfamily Candoninae Kaufmann, 1900
Paracandona euplectella (Robertson, 1889)%.
Nannocandona faba Ekman, 1914%,

Candona acricauda Mikulic, 1961%; C. alta Klie,
1939°%; C. candida (O. F. Mtlller, 1776)%; C. cavi-
cola Klie, 1935%; C. chappuisi Klie, 1943*; C.
dedelica Petkovski, 1969%; C. depressa Klieg,
1939%; C. expansa Mikulic, 1961%; C. marginata
Klie, 1941%; C. media Klie, 1939%; C. meerfeldia-
na Scharf, 1983%; C. muelleri Hartwig, 1899; C.
neglecta Sars, 1887°%7; C. strumicae Petkovski,
1959%; C. trapeziformis Klie, 1939%%; C. vidua
Klig, 1941%; C. weltneri Hartwig, 1899%; C. angu-
lata G. W. Mdiller, 1900%.

Fabaeformiscandona alexandri (Sywula, 1981)%; F.
angusta (Ostermeyer, 1937)%; F. breuili (Paris,
1920)%"; F. brevicornis (Klie, 1925)%; F. caudata
(Kaufmann, 1900)% F. fabaeformis (Fischer,
1851)% F. fabella (Nuchterlein, 1969)%; F. hyalina
(Brady & Robertson, 1870)%; F. lapponica
(Ekman, 1908)%"; F. latens (Klie, 1940)%; F. sili-
guosa (Brady, 1910)%; F. tricicatricosa (Diebel &
Pietrzeniuk, 1969)%; F. tyrolensis (L 6ffler, 1963)%;
F. wegelini (Petkovski, 1962)%.

Schellencandona belgica (Klie, 1937)%; S triquetra
(Klie, 1936)%.

Pseudocandona albicans (Brady, 1864)%’; P. compres-
sa (Koch, 1838)?; P. eremita (Vejdovsky, 1882)%; P.
insculpta (G. W. Miller, 1900)% P. marchica
(Hartwig, 1899)?; P. pratensis (Hartwig, 1901)%; P.
regisnikolai Karanovic & Petkovski, 1999%7; P,
semicognita (Schafer, 1934)%; P. serbani
Danielopol, 1982%; P. simililampadis Danielopal,
1978 P. sucki (Hartwig, 1901)?; P. szoecsi (Farkas,
1958)%: P. zschokkei (Wolf, 1920)%.

Cryptocandona kieferi (Klie, 1938)%; C. matris
(Sywula, 1976)%; C. reducta (Alm, 1914)%; C.
vavrai Kaufmann, 1900%.

Mixtacandona botosaneanui Danielopol, 19783 M.
italica Karanovic, 2000%%; M. sp. gr. ljovuschkini
Danielopol, 1979%; M. sp. gr. riongessa2
Danielopol, 1979; M. juberthieae Danielopoal,
1978%; M. lattingerae Rogulj & Danielopol,
1993 M. spandli Rogulj & Danielopol, 1993%;
M. tabacarui Danielopol, 1979%; M. elegans
Danielopol & Cvetkov, 19796,

Candonopsis kingsleii Brady & Robertson, 1870°%; C.
scourfieldi Brady, 1910%.

Phreatocandona motasi (Danielopol, 1978)*3.

Trajancandona natura Karanovic, 1999%; T. particula
Karanovic, 1999%.

Subfamily Cyclocypridinae Kaufmann, 1900

Cypria cavernae Wagenleitner, 1990°; C. exsculpta
(Fischer, 1855)%%; C. karamani Petkovski, 1976%;
C. ophtalmica (Jurine, 1820)%%; C. reptans
Bronshtein, 1928%; C. sketi Petkovski, 1976%; C.
subsalsa Redeke, 1936%; C. sywulae (Sywula,
1981)%,

Physocypria kraepelini G. W. Miller, 1903%.

Cyclocypris globosa Sars, 1863%; C. helocrenica
Fuhrmann & Piertzeniuk, 1990%; C. laevis (O. F.
Miiller, 1776)%"; C. ovum (Jurine, 1820)°; C. serena
(Koch, 1838)%'.

Family llyocyprididae Kaufmann, 1900

Subfamily Ilyocypridinae Kaufmann, 1900

Ilyocypris bradyi Sars, 1890%; I. decipiens Masi,
1905%; |. getica Masi, 1906%; |. gibba (Ramdohr,
1808)%; 1. inermis Kaufmann, 1900°%; I. monstrifica
(Norman, 1862).

Family Notodromadidae Kaufmann, 1900

Subfamily Notodromadinae Kaufmann, 1900

Notodromas monacha (O. F. Miller, 1776)%; N. persi-
ca Gurney, 19218,

Subfamily Cyproidinae Hartmann, 1963
Cyprois marginata (Straus, 1821)%.

Family Cyprididae Baird, 1845

Subfamily Cypridinae Baird, 1845

Cypris bispinosa Lucas, 1849%; C. pubera (O. F.
Miiller, 1776)5%.

Subfamily Eucypridinae Bronshtein, 1947
Candelacypris aragonica (Brehm & Margalef, 1948)°.
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Eucypris accipitrina Anichini-Pini, 1968° E. anglica
Fox, 1967°"; E. bronsteini Petkovski, 1959%; E. cara-
litana Tagliasacchi-Masata, 1969%; E. crassa (O. F.
Mdller, 1785)* E. dliptica (Baird, 1846)'°; E. heinri-
chi Petkovski and Keyser, 1995*%; E. hieracina
Anichini-Pini, 1968° E. mareotica (Fischer, 1855)'%;
E. kerkyrensis Stephanides, 1937%; E. lilljeborgi (G.
W. Miller, 1900)®; E. longisetosa Anichini-Pini,
1968°; E. molybdaena Anichini-Pini, 1968° E. mora-
vica Jancarik, 1947%; E. pigra (Fischer, 1851)%; E.
stagnalis Tagliasacchi-Masata, 1969%; E. stephani-
desi Petkovski, 1959%; E. sulcitana Anichini-Pini,
1968°; E. tarentina Anichini-Pini, 19633 E. trajani
Sywula, 1967%; E. virens (Jurine, 1820)%2.

Koencypris ornata (O. F. Mller, 1776).

Prionocypris zenkeri (Chyzer & Toth, 1858)%2.

Tonnacypris estonicus (Jarvekilg, 1960)%; T. lutaria
(Koch, 1838)%2.

Trajancypris clavata (Baird, 1838)%; T. laevis G. W.
Mdiller, 1900%; T. serrata G. W. M{iller, 1900%.

Subfamily Cypricercinae McKenzie, 1971

Bradleycypris obliqua (Brady, 1868)°2.

Bradleystrandesia fuscata (Jurine, 1820)%; B. hirsuta
(Fischer, 1851)%; B. reticulata (Zaddach, 1844)2,

Subfamily Herpetocypridinae Kaufmann, 1900

Herpetocypris brevicaudata Kaufmann, 1900%°; H.
chevreuxi (Sars, 1896)°!; H. helenae G. W. Mdller,
1908%; H. intermedia Kaufmann, 1900%; H. reptans
(Baird, 1835)%.

Psychrodromus betharrami Danielopol & Baltanas
19937; P. peristericus (Petkovski, 1959)%; P.
robertsoni (Brady & Norman, 1889)*°; P. fontinalis
(Wolf, 1920)*"; P. olivaceus (Brady & Norman,
1889)%S.

Senocypria fischeri Lilljeborg, 1883%.

Subfamily Cyprinotinae Bronshtein, 1947

Heterocypris barbara (Gauthier & Brehm, 1928)%; H.
bosniaca Petkovski et al., 2000%; H. bulgarica
Sywula, 1967*¢, H. gevgelica Petkovski, et al.,
2000%; H. incongruens (Ramdohr, 1808)%; H. rep-
tans (Kaufmann, 1900)%; H. rotundata (Bronshtein,
1928)%"; H. vitrea Sywula, 1967.

Subfamily Dolerocypridinae Kaufmann, 1900
Dolerocypris fasciata O. F. Miiller, 1776%; D. sinensis
Sars, 1903%.

Subfamily Isocypridinae Rome, 1965
Isocypris beauchampi (Paris, 1920)%.

Subfamily Scottinae Bronshtein, 1947
Scottia pseudobrowniana Kempf, 1971%7,

Subfamily Hungarocypridinae Bronshtein, 1947
Hungarocypris madarasz Orley, 1886%'.

Subfamily Cypridopsinae Kaufmann, 1900

Cavernocypris subterranea Wolf, 1920%.

Cypridopsis elongata (Kaufmann, 1900)%; C. hartwigi
G. W. Miiller, 1900?%; C. lusatica Schéfer, 1943%;
C. pilosa Anichini-Pini, 19674 C. sanctipetri
Anichini-Pini, 1968° C. vidua (O. F. Miiller,
1776)%.

Plesiocypridopsis thermarum (Tagliasacchi-Masala,
1967)%; P. newtoni (Brady & Robertson, 1870)%’.
Potamocypris arcuata (Sars, 1903)%; P. fallax Fox,
1967°"; P. fulva (Brady, 1868)%"; P. pallida Alm,
1914%; P. similis G. W. Mller, 1912%; P. steueri
Klie, 1935%; P. tetrataeniata Anichini-Pini, 19674
P. variegata (Brady & Norman, 1889)%; P. zschok-

kei (Kaufmann, 1900)%.

Pseudocypridopsis clathrata (Klie, 1936)%.

Sarscypridopsis lanzarotensis (Mallwitz, 1984)%; S
aculeata (Costa, 1847)%.
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Abstract

We give an extensive list of Recent, Holocene and Pleistocene ostracods from Mecklenburg-
Vorpommern based on a review of publications, unpublished reports and diploma theses as well as
some new studies. The list contains additional data on the stratigraphic distribution and occurrence of
the reported taxa within different types of waters from the study area. A total of 138 Quaternary ostra-
cod species are known so far from Mecklenburg-Vorpommern, of which 115 live today in the study
area. Twenty three of the 67 documented fossil and subfossil species are extinct here today. The Recent
faunacontains 28 marine, 13 brackish and 74 freshwater species. A bibliography on Quaternary ostra-
cods from Mecklenburg-Vorpommern is given as areference for work on biogeography, ecology, stra-
tigraphy and taxonomy of ostracodes from the Baltic Sea region.

Key words. Ostracoda, biogeography, stratigraphy, ecology, Holocene, Pleistocene, Baltic Sea.

Resumen

Se proporciona en este trabajo una lista extensiva de los ostréacodos del Reciente, Holoceno y
Pleistoceno de Mecklenburg-Vorpommern (Alemania), basada en la revision de las publicaciones,
informes no publicados y tesis de diplomatura, asi como algunos estudios nuevos. La lista contiene
datos adicionales de la distribucion estratigréfica y presencia de los taxones referidos en diferentes
tipos de aguas del area de estudio. Un total de 138 especies de ostracodos del Cuaternario son cono-
cidos hasta ahora en Mecklenburg-Vorpommern, de las cuales 115 viven todavia en el érea de estu-
dio. Veintitrés de las 67 especies fosiles y subfdsiles documentadas no aparecen actualmente en este
area. Lafauna del Reciente contiene 28 especies marinas, 13 de aguas salobresy 74 de aguas dulces.
Se proporciona una bibliografia de los ostracodos del Cuaternario de Mecklenburg-Vorpommern,
como referencia para futuros trabajos acerca de la biogeografia, ecologia, estratigrafia y taxonomia
de los ostracodos en laregion del Mar Béltico.

Palabras clave: Ostracoda, biogeografia, estratigrafia, ecologia, Holoceno, Pleistoceno, Mar Bdltico.

INTRODUCTION beginning is closely related to some famous personali-

ties of ostracodology as Gustav Wilhelm Miiller and

The exploration of the Recent ostracod fauna in  Walter Klie. The materia of G. W. Miller’s (1900)

M ecklenburg-Vorpommern has along tradition and the  monograph ,, SliRwasser-Ostracoden Deutschlands® is
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still stored at the Zoological Institute and Museum of the
University of Greifswald, Germany. Today amost for-
gotten are the first mention of ostracods from our study
areaby Ehrenberg in 1842 and afirst list of speciesfrom
the Baltic Sea by G. W. Milller in 1884. The standard
work written by Klie (1938) summarised the knowledge
about the freshwater, brackish and marine species of
Germany, supplying data on the distribution of ostracods
in Mecklenburg-Vorpommern. Since this work, the
information about Quaternary ostracods from our region
has been scattered over awide range of regiona biologi-
cal and geological journas. In the past decade an increa
sing amount of data about the distribution of ostracod
species was gathered in the Pomeranian Bight, the sha
[low lagoons, the surroundings of Greifswald and from
other digtinct freshwater sites in Vorpommern (Western
Pomerania). Also our knowledge about Holocene and
Pleistocene ostracods increased remarkably. So, the pre-
sent information about the distribution of Quaternary
ostracods is relatively rich in comparison with adjacent
regions. Our checklist gives an overview of the distribu-
tion of Recent ostracods in Mecklenburg-Vorpommern
for the first time since Klie (1938) and for the first time
alist of the Quaternary ostracods from our country. This
is a contribution to the biogeography, stratigraphy and
ecology of Quaternary ostracods in Northern Europe
and the Baltic Searegion.

North
Atlantic

FINLAND

GERMANY

Ficure 1-Mecklenburg-Vorpommern: the study area (outlined
in black) within the southern Baltic Sea.
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STUDY AREA

The Mecklenburg-Vorpommern state lies in the north-
east of Germany at the southern coast of the Baltic Sea
(Fig. 1) (and comprises Mecklenburg and the western
part of Pomerania). Its climateisdetermined by the tran-
sition from the North Atlantic Sea climate of the tempe-
rate zone to a more continental climate. The Baltic Sea
itself influences the climate of the mainland in an about
10-30 km wide strip aong the coast (Duphorn et al.
1995). The land territory comprises 23170 km? and is
covered aimost exclusively by Weichselian tills and
Holocene sediments. A large number of lakes, some
with considerable depth, lie among the end moraines of
the last glaciation. High carbonate concentrations in
springs and surface waters are not rare because of the
high CaCO, content of the moraines especialy in
the northeastern part of the country. Despite the relati-
vely low density of human population (79 inhabitants
per knm?), the streams, rivers and lakes show a high level
of productivity caused by an intensive agriculture - oli-
gotrophic waters are lacking. The largest rivers are the
Elbe, touching the study area only for a short distancein
the southwest, and the Oder in the east with discharge
through the Oder estuary into the Pomeranian Bight.
Most of the country belongs to the drainage area of the
Baltic Sea. The coastline is extraordinarily long,
1712 km, but only 354 km of this belong to the outer
coast, the higher proportion is built up by the shoreline
of the inner coastal waters, as lagoons (Bodden), estua
ries (partly called Haff) and straits between these (called
Sund or Strom). The offshore area is part of the
Mecklenburg Bay (Belt Sea) with a maximum depth of
about 25 m and the Arkona Sea with down to 53 m
depth in the study area. The salinity reaches highest
values with up to about 18 psu in the deeper water of the
basins below the intermediate water layer. The salinity
of the surface water decreases from west to east from
about 14 psu in the Mecklenburg Bay to about 7 psu in
the Pomeranian Bay (Weber, 1998). The sediment is
normally sand near to the coast and mud in basins of the
innercoastal waters and the open sea. All coastal lago-
ons and the deeper basins of the open sea are strongly
influenced by eutrophication.

During the Pleistocene Mecklenburg-Vorpommern
was mostly covered by Scandinavian glaciers. Older
Pleistocene sediments were eroded by Weichsdian gla-
ciersin large parts of the country. Elsterian sedimentsare
known from the southwest of Mecklenburg. Also the
Holsteinian complex is limited to the south and west of
the study area (Ruhberg et al., 1995) but shows amarine
transgression covering most of the country. In contrast
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the marine transgresson of the Eemian formed only
bights along the present day coastline around Herrnburg,
Wismar, Rostock and the 1de of Usedom (Rihberg et al .,
1995). The Holocene evolution of our coast isinfluenced
by changes in climate and sea level. Strong sdlinity
variations in the water body of the Baltic Seabasin give
important information usable for stratigraphic purposes
in the Holocene of the southern Baltic Sea area. The
rising sea level reached the present day coastline during
the 2nd Littorina transgression about 5500 years B. P
Thisisaso theinitiation of the coastal lagoons develop-
ment in Mecklenburg-Vorpommern.

MATERIAL AND METHODS

The present list (Table 1) isbased on the eval uation of
all known references from publications as well as unpu-
blished notes, research theses and the authors' observa-
tions on Recent and Quaternary ostracods in
Mecklenburg-Vorpommern, which are given in an
annex. The entries were terminated in June 2003. We
used our own results of systematical as well as occasio-
nal observations from Recent freshwater and brackish
water localities of Vorpommern, vibrocores from the
open Baltic Sea and the micropalaeontologica collec-
tions of the Geological Service of Mecklenburg-
Vorpommern.

The magority of unpublished theses were supervised
by the Institute of Geology and the Institute of Zoology
a the Universities of Greifswald and Rostock. All geo-
logical theses are now archived and accessible in
Greifswald due to the closing of the University Ingtitute
of Geology in Rostock in the 1960s.

The mentioned specific palacoenvironments were
classified by means of the description by the cited
author or by the known palaeogeographical situation
respectively.

RESULTS AND DISCUSSION

137 ostracod species belonging to 61 genera are
known from the Quaternary in Mecklenburg-
Vorpommern. Twenty two species are recorded as fos-
sil only and 71 extant species have no fossil record in
the area. A total of 101 papers (70 publications and 31
unpublished papers) mention ostracods from
Mecklenburg-Vorpommern (58 on Recent and 44 on
fossil ostracods), 40 focus on ostracods.

The following list gives an overview on localities
with ostracod occurences. The stratigraphical subdivi-

sion of the Holocene is based on the stages of the
Baltic Sea evolution. Question marks indicate locali-
ties of uncertain stratigraphical position. The taxo-
nomy follows Meisch (2000) and Athersuch et al.
(1989). The order of taxain Table 1 is alphabetical.

LOCALITIESIN STRATIGRAPHICAL
ORDER

1. Mya stage (Recent, Fig. 2):

a: Open Baltic Sea: Bdltic Sea in general (Gosselck
et al., 1996); Baltic Sea north off Kihlungsborn and
north off Warnemiinde (this paper); Mecklenburg Bight,
Arkona Basin, Adlergrund (Klie, 1929, 1938;
Rosenfeld, 1977; B. Miller, 1979; Arlt et al., 1982);
western Arkona Sea (Rosenfeld, 1977; Reich & Frenze,
1996); Oderbank (Klie, 1938); Pomeranian Bight (Arlt,
1970; Arlt et al., 1982; Stuck, 1995; Frenzel, 1996;
Rofldeutscher, 1996; Trapp, 1998).

b: Lagoons and bights: in genera (Arlt, 2000);
Wismar Bight (Klie, 1938; Arlt, 1970; Jahn, 1996; Jahn
et al., 1996; Schubert, 2001); Boiensdorfer Werder at
Salzhaff (Siccha, 2003); Kirr Bight and Rassower Strom
(Arlt & Georgi, 1999); Darf3-Zingst Bodden chain in
genera (Langeet al., 1971); Saaler Bodden (Klie, 1938;
Beschnidt et al., 1970; Lange et al., 1971; Beschnidt &
Noack, 1976; Arlt, 1984; Kohler, 1990; Frenzel, 1990,
1991; Arndt, 2001; Henkel & Tschendel, 2003);
Bodstedter Bodden (Beschnidt et al., 1970; Arlt, 1984,
Kohler, 1990; Frenzel, 1990, 1991); Barther Bodden
(Beschnidt et al., 1970; Groth & Zander, 1973,
Holtfreter, 1973; Mdller, 1974, Arlt & Holtfreter, 1975;
Arlt, 1984; Grote, 1985; Kohler, 1990; Frenzel, 1990,
1991); Grabow (Beschnidt et al., 1970; Lange et al.,
1971; Kohler, 1981, 1990; Arlt, 1984; Kohler & Arlt,
1984; Frenzel, 1990, 1991); lagoons in the north and
west off the Idle of Rigen (Seifert, 1933; Schéfer, 1953;
Arlt, 1970; Frenzel, 1990, 1991; Vope & Arlt, 1995;
Vopel, 1997); Grol3er Jasmunder Bodden (Trahms,
1939; Schéfer, 1953; Arlt, 1970; Frenzel, 1990, 1991);
Strelasund (Frenzel, 1996, Frenzel & Oertel, 2002);
Greifswalder Bodden (G. W. Mdller, 1884, 1900;
Hirschmann, 1912, 1916; Stammer, 1928; Klie, 1929,
1938; Seifert, 1938; Schafer, 1953; Arlt, 1970, 1973,
1977; Frenzel, 1990, 1991, 1996); Ryck estuary in
Greifswald (Stammer, 1928; this paper); Selliner See
(Arlt, 1970); Achterwasser, Peenestrom (Arlt, 1970;
Frenzel, 1990, 1991; Janz, 1994; this paper); Oderhaff
(Arlt, 1970; Frenzel, 1990, 1991; Scharf et al., in prepa-
ration; this paper).



32 REVISTA ESPANOLA DE MICROPALEONTOLOGIA, V. 36, N.° 1, 2004

= B 3 §
e 228, | |3
= Q13 22|28 z
Z123|2|2 slel8lsl8 |5
<|=E1=1Z] |gl=| &l |28 518 |2
215128512 |5|ElB) 2213 2le] |E] s
BREREEEEPEIEE REE P EEINEE B
HEEI MG EESEIRA HER IR R B
g e EREEEEE QB EEEEEE E
k< dlal<|ajo|l|2|a|a|Z|l]2|L|a|aa|alZio] 2
Acanthocythereis X XX XX 29; 125; 156
dunelmensis (Norman, 1865)
Acanthocythereis horrida ? X 156
(Sars, 1866)
Bradleystrandesia fuscata X X X 85; 141
(Jurine, 1820) -
Bradleystrandesia reticulata | X X 85;118;119
(Zaddach, 1844)
Candona angulata G. W. X XX X 5;25; 26, 45; 85; 96;
Miiller, 1900 101; 103; 112
Candona candida (O. F. X XIX|IX|X]|XX X[X[X][X|X 2,4;9; 18a; 31, 45;
Miiller, 1776) 48;49; 50; 55; 60;
69; 72; 85;87,90;
99;106; 107; 111,
113;114;118;119;
130; 131
Candona improvisa X X 45
Ostermeyer, 1937
Candona lindneri Petkovski, |X X 66
1969
Candona muelleri Hartwig, |X X 85
1899
Candona neglecta Sars, 1887 | X XX XXX XX XX XX X12;4;13; 14; 15; 25;
26;28; 32; 45; 46;
48; 50, 55; 64; 66;
70; 85;90;91; 97,
99;103; 104; 106,
107; 108; 113; 131;
130;R
Candona weltneri (Hartwig, | X X 50; 64;85
1898)
Candona weltneri (Hartwig, XX X 107
1898) var. obtusa
Candonopsis kingsleii X X 49;85;118;119
(Brady & Robertson, 1870)
Cryptocandona vavrai X X X 49;60,64; 111
Kaufmann, 1900
Cyclocypris globosa (Sars, | X |? XX X15;85;118;119; 143
1863)
Cyclocypris laevis (O. F. X X XX X 60; 85;107; 111;
Miiller, 1776) 118;119
Cyclocypris ovum (Jurine, X|? XiX|? | XXX XX XX X15;13;14; 18a; 39;
1820) 49; 50; 57; 60; 63;
85; 87, 88;90; 99;
107;111; 113; 118;
119; 131; 132; 133;
139; 143

TaBLE 1-Stratigraphical occurence of Recent and subfossil/fossil ostracod taxa from the Quaternary of Mecklenburg-
Vorpommern and their distribution in different types of waters. The number in the reference column indicates the number
given in our literature list. R) indicates unpublished results by Rusbiihlt on (sub)fossil associations, A) those of Ansorge.
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Cyclocypris serena (Koch, XIX|X|X|X[X X 69; 90; 99; 106, 107,
1837) 133
Cypria exsculpta (Fischer, X X 85
1855)
Cypria ophtalmica (Jurine, X XXX XXX XX 5; 8; 13; 14;25; 26,
1820) ’ 28; 49, 50; 51; 60;
65;66;67,69; 70;
85;97,99; 101, 103;
106; 111; 118;119;
129; 131; 132; 133;
134; 139
Cypria subsalsa Redeke, X X 25;26;32;45;66;
1936 120; 121
Cyprideis torosa (Jones, X X X|X X X X X 8; 15;23;29; 32; 35;
1850) 36;41; 46; 52; 53;
64, 66;67;79; 80,
85;97;98; 102; 114,
118;119; 120; 121;
153; 154; 155; R
Cyprideis torosa (Jones, X|[? X X[X|XX XX X X12,4,5;13; 14;25;
1850) f. litoralis 26;28; 31; 32;39;
42;45;46;51;65;
66, 70; 94; 96; 101;
107; 130; 131; 138;
143; 150
Cyprideis torosa (Jones, XI? (X XIX[|X{X XX XX X113; 14;25;26;28;
1850) f. torosa 39; 45, 46; 51; 66;
70; 96; 103; 107;
108; 130; 131; 138;
143; 151
Cypridopsis vidua (Sars, X XXX X XX X 15; 25;26; 49; 50;
1864) 69; 85; 87;90; 99;
103; 105;114; 113;
118;119;131;134a
Cypris pubera O. F. Miiller, |X X XX X X 56; 85;87;90; 105,
1776 106;113; 118; 119,
134
Cyprois marginata (Straus, | X X 85;132; 134a
1821)
Cythere lutea O. F. Miiller, |X X 64
1785
Cytherissa lacustris (Sars, X XIX[XIX]|X X X ? 12;15;23;31;39;
1863) 55; 56;59; 64; 72;
73; 79; 88; 90; 97,
104; 106; 113; 155
Cytherois arenicola Klie, X XX 2,3,4,5;28;38;62;
1929 64; 65;66; 67;96;
101
Cytherois fischeri (Sars, X XX 89; 96
1865)
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Cytheromorpha fuscata XX ? ? XX 2,4,5;8;12; 13; 14;
(Brady, 1869) 25; 26; 28; 32; 45; 46;
51; 65; 66; 67; 70; 88;
96; 97; 101; 113; 130;
131
Cytheropteron cf. inornatum X X X 27; R
Brady & Robertson, 1872
Cytheropteron latissimum XX X 88; 89
(Norman, 1865)
Cytheropteron montrosiense X XX X 27;106; R
(Brady, Crosskey &
Robertson, 1874)
Cytheropteron X X 27,30; 75; 106
pseudomontrosiense Whatley
& Masson, 1979
Cytheropteron testudo Sars, X ? X 27;R
1870
Cytherura atra Sars, 1365 X X 89
Cytherura fulva Brady & X X 89
Robertson, 1874
Cytherura gibba (O. F. X1X|? XX 2,4,5;8;21;28;32;
Miiller, 1785) 367;45;46; 51; 62; 64;
65; 66; 67; 84; 85; 96;
97;101;102; 112; 113;
120; 121; 129
Darwinula stevensoni (Brady | X | ? XXX X XX X 13; 14; 15; 25; 26; 28;
& Robertson, 1870) 45; 48; 49; 56; 64; 66;
70; 85; 88;90; 97; 107,
108; 118; 119; 131;
134a; 142
Dolerocypris fasciata (0. F. | X X 50; 85
Miiller, 1776)
Elofsonella concinna (Jones, XX XX X 27; 29; 106; 156; 157
1857)
Elofsonia baltica X X 2,4, 5; 65; 66; 67; 96;
(Hirschmann, 1909) 112
Elofsonia pusilla (Brady & |X X 2; 66; 96; 101
Robertson, 1870)
Eucypris crassa (O. F. X X 85
Miiller, 1785)
Eucypris elliptica (Baird, X X XX 49; 60; 85,111
1846)
Eucypris lilljeborgi (G. W. X X 85
Miiller, 1900)
Eucypris pigra (Fischer, X X X 18a; 49; 60; 85; 111
1851)
Eucypris virens (Jurine, X X 85
1820)
Eucythere argus (Sars, 1865) | X | X | X X|X 88; 89; 90;108; 113
Fabaeformiscandona X X 50; 85; 136; 140
acuminata (Fischer, 1851)

TABLE 1—S§rati_gra)phigal occurence of Recent and subfossil/fossil ostracod taxa from the Quaternary of Mecklenburg-Vorpommern
and thqr dlstn_ buyon in different types of waters. The number in the reference column indicates the number given in our lite-
rature list. R) indicates unpublished results by Rushiihit on (sub)fossil associations, A) those of Ansorge. (Continuation)
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Fabaeformiscandona ? 33
alexandri (Sywula, 1981)
Fabaeformiscandona X X 35
balatonica (Daday, 1894)
Fabaeformiscandona X X X 18a; 49;61; 64; 111
brevicornis (Klie, 1925)
Fabaeformiscandona X X X 45;85;97;,118;119
fabaeformis (Fischer, 1851)
Fabaeformiscandona fragilis | X X X 85; 111; 118; 119
(Hartwig, 1898)
Fabaeformiscandona X1? X 85;118;119; 142
holzkampfi (Hartwig, 1898)
Fabaeformiscandona hyalina | X X 85
(Brady & Robertson, 1870)
Fabaeformiscandona X|? X X XX X 18;25;26; 39; 64;
levanderi (Hirschmann, 88,97, 108; 113;
1912) 130; 142
Fabaeformiscandona protzi | X XX X|(?1? XX X 25;26; 85, 88;97,
(Hartwig, 1898) 99; 106; 107; 113;
114; 118;119; 130;
131
Fabaeformiscandona ? X X 69; 107
tricicatricosa (Diebel &
Pietrzeniuk, 1969)
Herpetocypris chevreuxi X X X 50;96;118;119
(Sars, 1896)
Herpetocypris intermedia X X 118;119
Kaufmann, 1900
Herpetocypris reptans X ?7 (XX XX X 50; 85; 87, 99; 105;
(Baird, 1835) 107; 113; 118; 119
Heterocyprideis sorbyana XX X 88; 89; 127
(Jones, 1856)
Heterocypris incongruens X X X 49; 64;85;118;119;
(Ramdohr, 1808) 135; 137
Heterocypris salina (Brady, |X X X X X X185;91;96;106;118;
1868) 119
Hirschmannia viridis (O.F. | X X XX 5;32;28; 46; 64; 65,
Miiller, 1785) 67;89;102;103; R
Ilyocypris bradyi Sars, 1890 1X X|IX{X[X X X 15; 18a; 55; 72; 85,
88;106; 113
Ilyocypris decipiens (Masi, |X|? X X XX X X113(7); 18; 25; 26; 54;
1905) 64; 66; 85; 90; 97,
107; 108; 113; 118;
130; 131; 138; 143
Ilyocypris gibba Ramdohr, X X|X|X X X X ? 137; 14; 15; 49; 72;
1808 79;87;97; 105; 134,
R
llyocypris inermis X X 18a
Kaufmann, 1900
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Jonesia acuminata (Sars, X X 62; 64; 89
1866)
Koencypris ornata (O. F. X X X 85
Miiller, 1776)
Leptocythere baltica Klie, X X 2,4,28;89;96
1929
Leptocythere castanea (Sars, | X 46; 70; 84;96; 101;
1865) 108
Leptocythere lacertosa X 2,4,5;12;28;32;

46;65; 66;67; 89;
96;101;102; 108

Leptocythere pellucida
(Baird, 1850)

62; 64; 89; 96; 108;
R

Leptocythere porcellanea
(Brady, 1869)

28;32;46;96; 101

Leptocythere psammophila
Guillaume, 1976

28;32;108;113;
152

Leptocythere tenera (Brady,
1868)

89

Leucocythere baltica
(Diebel, 1965a)

15, 16; 31;39; 64;
75;79; 88;92; 104,

106; 114; A; R
Limnocythere 17; 72
blankenbergensis Diebel,
1968

17; 88; 146

Limnocythere falcata Diebel,
1968

Limnocythere inopinata
(Baird, 1843)

2;13; 14; 15; 25; 26;
45; 48; 49; 50, 55;
64; 66, 70; 79, 85;
87, 88; 90; 96, 97;
101; 106; 107; 113;
118; 130; 131; 134a

Limnocythere stationis
Vavra, 1891

15

Limnocytherina
sanctipatricii (Brady &
Robertson, 1869)

15;25;26; 48; 55;
104; 105; 106; 107;
108; 113

Loxoconcha elliptica Brady,
1868

2,4,5;8;28;42;51;
64; 65;66; 67, 90;
96, 101; 102; 120;
121; 152

Loxoconcha rhomboidea
(Fischer, 1855)

2,4;62;84; 85; 101

Metacypris cordata (Brady
& Robertson, 1870)

48; 49; 50; 63; 64;
90; 107; 114; 142

Neocytherideis crenulata
(Klie, 1929)

62; 64; 89

Notodromas monacha (O. F.
Miiller, 1776)

50; 85; 118; 128;

134a

TaBLE 1-Stratigraphical occurence of Recent and subfossil/fossil ostracod taxa from the Quaternary of Mecklenburg-Vorpommern
and their distribution in different types of waters. The number in the reference column indicates the number given in our lite-
rature list. R) indicates unpublished results by Rusbiihit on (sub)fossil associations, A) those of Ansorge. (Continuation)
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Palmenella limicola X X 89
(Norman, 1865) |
Palmoconcha guttata X X 27; 147
(Norman, 1865)
Palmoconcha laevata XX X 32;62; 64; 89; 108
(Norman, 1865) )
Paracandona euplectella X X 85
(Robertson, 1889)
Paracyprideis fennica X X XX 62; 64; 88; 89
(Hirschmann, 1909)
Paradoxostoma abbreviatum | X X 64
Sars, 1866
Paradoxostoma variabile X X 64; 89
(Baird, 1835)
Paralimnocythere X X 24
psammophila (Flossner,
1965)
Paralimnocythere relicta X X 85
(Lilljeborg, 1863)
Physocypria kraepelini G. X X X 25;26;97; 118; 131
W. Miiller, 1903
Plesiocypridopsis newtoni X XX 49; 50, 85; 103
(Brady & Robertson, 1870)
Pontocythere elongata X X 31; 39
(Brady, 1868)
Potamocypris fulva (Brady, |X X XX 49; 60; 64; 85; 111
1868)
Potamocypris unicaudata X X 49; 50
Schéfer, 1943
Potamocypris variegata X X 50; 64
(Brady & Norman, 1889)
Potamocypris zschokkei X X XX 18a; 49; 60; 61; 64;
Kaufmann, 1900 111
Pseudocandona albicans X X X 18a; 49; 60; 64; 85;
(Brady, 1864) 111; 118
Pseudocandona compressa | X XXX X XX 50; 60; 66; 69; 85;
(Koch, 1838) 101; 106; 107; 118;
129
Pseudocandona eremita X X 106
(Vejdovsky, 1880)
Pseudocandona hartwigi (G. | X X 49
W. Miiller, 1900)
Pseudocandona insculpta X X X 85,118
(G. W. Miiller, 1900)
Pseudocandona lobipes X XX 49; 85; 103
(Hartwig, 1900)
Pseudocandona marchica X XX X 45; 85; 118
(Hartwig, 1899)
Pseudocandona pratensis X XX X1? 49; 60; 85; 111; 103
(Hartwig, 1901)

TaBLE 1-Stratigraphical occurence of Recent and subfossil/fossil ostracod taxa from the Quaternary of Mecklenburg-Vorpommern
and their distribution in different types of waters. The number in the reference column indicates the number given in our lite-
rature list. R) indicates unpublished results by Rusbiihit on (sub)fossil associations, A) those of Ansorge. (Continuation)
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Pseudocandona rostrata X X X 60, 85;101; 111
(Brady & Norman, 1889)
Pseudocandona sarsi X X X 1; 64, 85
(Hartwig, 1899)
Pseudocandona stagnalis X X 85
(Sars, 1890)
Psychrodromus olivaceus X X X X 18a; 49; 60; 106;
(Brady & Norman, 1889) 111
Pterygocythereis jonesii X X 27
(Baird, 1850)
Robertsonites tuberculatus | X [X|X X XX 27;29; 64; 88; 89;
(Sars, 1865) 106; 123; 124; 125;
126; 146; 147
Roundstonia globulifera X X 27;29; 30; 149
(Brady, 1868)
Sarscypridopsis aculeata X XXX XX 5; 13; 14, 70; 85; 96,
(Costa, 1847) 103; 66; 118
Sarsicytheridea bradii X X X XX 27; 62; 64; 88; 89;
(Norman, 1865) 106; 123; 125; 126;
147
Sarsicytheridea punctillata | X X | X X X XXX 5; 27, 29; 64; 80; 88;
(Brady, 1865) 89; 106; 108; 148
Scottia browniana (Jones, X X X 31;39
1856)
Scottia huckei (Triebel, X ? 23;R
1941)
Scottia pseudobrowniana X X X 18a; 49; 58; 60; 61;
Kempf, 1971 64; 111
Scottia tumida (Jones, 1850) X ? ? 58; R
Semicytherura cf. X X 27
concentrica (Brady,
Crosskey & Robertson, 1874
Semicytherura nigrescens X X X X|[X 25;26;28; 32; 46,
(Baird, 1838) 62; 64; 89; 90; 96;
108; 120; 121; R
Semicytherura sella (Sars, X X X 89; 152
1865)
Stenocypria fischeri X X 85
(Lilljeborg, 1883)
Tonnacypris lutaria (Koch, |X X 85
1838)
Trajancypris clavata (Baird, | X X X 85
1838)
Trajancypris laevis (G. W. | X X 85
Miiller, 1900)
Trajancypris serrata (G. W. | X 85
Miiller, 1900)

TaBLE 1-Stratigraphical occurence of Recent and subfossil/fossil ostracod taxa from the Quaternary of Mecklenburg-Vorpommern
and their distribution in different types of waters. The number in the reference column indicates the number given in our lite-
rature list. R) indicates unpublished results by Rusbiihlt on (sub)fossil associations, A) those of Ansorge. (Continuation)
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Xestoleberis aurantia (Baird, | X XX 2,4,5;8;13; 14;28;
1838) 32;42;46;51;62;
64; 847; 89;96; 101;
103;112;120; 121
Xestoleberis nitida X 11X X X 65;66;67;102; 152
(Liljeborg, 1853)

TaBLE 1-Stratigraphical occurence of Recent and subfossil/fossil ostracod taxa from the Quaternary of Mecklenburg-Vorpommern
and their distribution in different types of waters. The number in the reference column indicates the number given in our lite-
rature list. R) indicates unpublished results by Rusbiihit on (sub)fossil associations, A) those of Ansorge. (Continuation)

c: Freshwater: Schwichtenberg near Friedland, T 5 5 Y
Hermsdorf in Mecklenburg and Schaalsee near AR el .,
= . L]

Ratzeburg (Klie, 1938); Neu Gaarz in Mecklenburg F ol
(this paper); Mduritz (Hollwedel & Scharf, 1996); e ] [oa]
Pisede near Machin (Diebel & Pietrzeniuk, 1975b);
Tiefwarensee at Waren and Kummerower See near
Malchin (Diebel & Pietrzeniuk, 1975a); Barthe at
Divitz (this paper); Hiddensee (Schéfer, 1953;
Hollwedel & Scharf, 1994); Rugen (Klie, 1925, 1927,
1937, 1938; Thienemann, 1926; Kempf, 1971; Diebel
& Pietrzeniuk, 1984; Hollwedel & Scharf, 1994; this
paper); Greifswald and surroundings (G. W. Mliller,
1900; Klie, 1938; Janz, 1994; Viehberg, 2000, 2001,
this paper); Petschsee, Groler Glietzensee and
Thurower See in south eastern Mecklenburg (Flossner,
1965); Lendershagen, Letzin, Vietlipp, Locknitz, Rotes
Moor near Anklam and Peene swamps near Giitzkow Ficure 2-Documented occurence of Recent ostracods in
(this paper); Haussee near Feldberg (Klie, 1938). M ecklenburg-Vorpommern.

d: Saline water: Salines of Greifswald (G. W.
Mdller, 1900; Rudat, 1993; Viehberg, 2000, 2001).
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D 50km

2. Post Littorina stage (Subatlantic, Fig. 3):

a: Marine/brackish: Teterower See? (this paper); . . _
Vibrocores from the Arkonasea (Reich & Frenzel, 3. Littorina Sea (Atlantic and Subboreal, Fig. 3):
1996); vibrocores from the Pomeranian Bight and sub- & Marine: Rostock-Warnemiinde (Geinitz, 1902);

marine Oder channel (Stuck, 1995; RoRdeutscher, vibrocores from the Arkona Sea (Reich & Frenzel,
1996; Trapp, 1998). 1996); vibrocores from the Greifswalder Bodden

b: Freshwater: Glambecker See? near Schwerin (Verseet al., 1994, 1998; Samtleben & Niedermeyer,
(this paper). 1999); vibrocores from the Pomeranian Bight and the
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Oder channel (Stuck, 1995; RolRdeutscher, 1996;
Trapp, 1998); drill cores from Boock near Pasewalk
and Karlshagen? on the Isle of Usedom (Rusbihlt
unpublished).

4. Ancylus Sea (Boreal and Preboreal, Fig. 3):

a: Freshwater: Vibrocores from Mecklenburg Bight
(Jensen et al., 1999); vibrocores from the Tromper Wiek
and Arkona Sea (Reich & Frenzel, 1996; Jensen et al.,
1999); Neu Pansow? near Greifswald, Mukran? on
Jasmund peninsula / 1sle of Rigen (this paper); vibro-
cores from the Pomeranian Bight (Stuck, 1995;
Rofdeutscher, 1996; Trapp, 1998; Verse & Wunderlich,
2002); vibrocores from the Greifswalder Bodden (Verse
et al., 1994); drill core from Krumminer Wiek/Ide of
Usedom (Hoffmann, 2000).

5. Yoldia Sea (Preboreal, Fig. 3):

a: Freshwater: Vibrocores from Mecklenburg Bight
(Diebel, 1965a, 1965b, 1968); vibrocores from
Tromper Wiek Bay (Bennike & Lemke, 2001); core
from the Herthamoor on Jasmund peninsula/lsle of
Rugen (Schumacher & Endtmann, 1998); Ferdi-
nandshof(?) near Uckermiinde (Fuhrmann & Pietrze-
niuk, 1990).

b: Brackish?. Vibrocores from Tromper Wiek Bay
(Bennike & Lemke, 2001).

6. Late Glacial (Weichselian, Fig. 3):

a: Freshwater: Vibrocores from Mecklenburg Bight
(Diebel, 1965a, 1965b; Lemke et al., 1998);
Wolfshagen near Woldegk? (Diebel, 1965b); Stoltera
(Diebel, 1965b); Rostocker Heide (Ludwig, 1964a);
Tessin near Rostock (Krienke et al., 1999); Fischland
on Darfl3 peninsula (Ludwig, 1963; Diebel, 1968;
Pietsch, 1991; Steinich, 1992a); cores from Tromper
Wiek at Rigen (Lemke et al., 1998); cores from
Arkona Basin (Jensen et al., 1997).

7. Pleniglacial (Weichsdlian, Fig. 4):

a: Marine: Mecklenburg-Vorpommern in general
(Frenzel, 2001); Isle of Hiddensee (Ludwig, 1964b;
Frenzel, 1993; this paper); Arkona/lsle of Rigen
(Ludwig, 1964b; Diebel, 1965b; Steinich, 1992b;
Frenzel, 1993); Tltzpatz near Altentreptow (glacial
erratic lump; this paper); island Greifswalder Oie
(Frenzel & Ansorge, 2001).

b: Brackish: Klein-Klitz-H6ved (Ullerich, 1991;
Strahl et al., 1994).
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Ficure 3—-Documented occurence of ostracods from Late
Glacial and Holocene sediments in Mecklenburg-
Vorpommern.

c. Freshwater: Klein-Klutz-Hoved (Ullerich,
1991); Grof:-Klutz-Hoved (Ludwig, 1964b); Gustavel,
Thurow and Wipersdorf near Schwerin (Langer,
1964); Blankenberg near Warin (Ludwig, 1960;
Kriebel, 1964; Langer, 1964; Diebel, 1968); Isle of
Poel (Ludwig, 1964b; Rihberg, 1965); K hlungsborn,
Heiligendamm and Doberan (Ludwig, 1964b); Stoltera
near Rostock (Ludwig, 1964b; Ansorge, pers. comm.);
Tessin near Rostock (Krienke et al., 1999);
Arkona/lsle of Rigen (Ludwig, 1964b; Steinich, 1990,
1992b); Jasmund/Isle of Riigen (Ludwig, 1959, 1964b;
Diebel, 1965b; Steinich, 1992a; Keding, 1993; Frenzel
in Griffiths, 1995).

8. Eemian (Fig. 4):

a: Marine: Drill cores from Mecklenburg-
Vorpommern in general (Frenzel, 2001); drill core at
Herrnburg near LUbeck (Rusbthlt, unpublished; this
paper); Grol3- and Klein-Klutz-Hoved, drill cores
Rubow near Schwerin (glacial erratic lump),
Schonberg near Lubeck, Schlemmin? north of
Sternberg and Bergen? on the Isle of Rugen (Rusbuhlt,
unpublished); Schwaan near Rostock (Frenzel &
Ansorge, in press).

b: Brackish: Drill cores from Mecklenburg-
Vorpommern in general (Frenzel, 2001); drill core
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Ficure 4-Documented occurence of ostracods in Saalian,
Eemian and Weichselian (without Late Glacial) sediments
in Mecklenburg-Vorpommern. Limit of the marine Eemian
modified after Ruhberg et al. (1995).

Herrnburg near Libeck (this paper); Schwaan near
Rostock (Frenzel & Ansorge, 2004); Grimmen quarry
(this paper).

c. Freshwater: Klein-Klitz-Hoved (Klengel, 1954;
Ullerich, 1991; Strahl et al., 1994); drill core Glave
near Krakow am See (Rusbihlt, unpublished);
Schwaan near Rostock (Frenzel & Ansorge, in press).

9. Saalian (Fig. 4):
a: Freshwater: Klein-Klutz-Hoved (Strahl et al.,
1994).

10. Holsteinian (Fig. 5):

a: Marine: Drill cores from Mecklenburg-
Vorpommern in genera (Frenzel, 2001); drill core
Thirkow near Teterow (this paper); drill cores
Gadebusch, Rerik, Teterow, Kraak near Schwerin,
Schwerin (glacial erratic lump), Granzin near
Hagenow, Dargibell near Anklam (Rusbihlt, unpu-
blished); drill core Neubukow? near Salzhaff lagoon
(this paper).

b: Brackish: Drill cores from Mecklenburg-
Vorpommern in general (Frenzel, 2001); Klein-Klitz-
Hoved (Gehl, 1961); Kuhlungsborn? (Ludwig,
1964b); Boizenburg (Madsen, 1902; Rusbihlt, unpu-
blished); drill core Gustrow (this paper); Patow-
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Ficure 5-Documented occurence of ostracods from Elsterian
and Holsteinian sediments in Mecklenburg-Vorpommern.
Limit of the marine Holsteinian after Rihberg et al. (1995).

Steegen near Hagenow, drill cores Granzin, Bolzin,
Bengerstorf (glacia erratic lump) and Bobzin near
Hagenow, Hagenow, Grevesmihlen, Rachow near
Teterow, Kraak and Plate near Schwerin, glacial erra-
tic lumps et Neuendorf near Gistrow and at L Gbtheen
(Rusbiihlt, unpublished).

c. Freshwater: Granzin near Hagenow (Erd, 1969,
Rusbuihlt, unpublished); drill cores Bobzin and Moraas
near Hagenow, Dahmen near Teterow and Gustrow
(Rusbtihlt, unpublished).

11. LateElsterian (Fig. 5):

a: Marine: drill cores from Southwestern Mecklenburg
(Frenzel, 2001); drill core Gustrow (Rusbihlt, unpu-
blished).

RECENT OSTRACODS

Well examined locations are the surroundings of
Greifswald, where G. W. Miller had done intensive
field work, and the lagoons and estuaries (with the
exception of those of the Isle of Riigen). Other reports
on freshwater ostracods are isolated localities through-
out Mecklenburg-Vorpommern concentrating on the
Isle of Rigen and on West Pomerania (Fig. 2). The
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ostracod fauna from the open Baltic Sea is known so
far from only one transect touching the periphery of
the study area (Rosenfeld, 1977) and some isolated
localities (Klie, 1938).

A total of 115 Recent ostracod species are known
from Mecklenburg-Vorpommern today; comprising
28 marine, 13 brackish and 74 freshwater species.
Twenty species published by G. W. Miller (1900)
have not been reported in more recent works from
the study area; these are particularly species of tem-
porary water bodies. The apparent loss of these taxa
from the study area may reflect the loss of small
temporary water bodies due to human activity.
However, it is also possible that they are gone unre-
corded through lack of sampling, since recent rese-
arch has concentrated on larger, permanent water
bodies.

The coastal and drainage area of the Bdltic Sea in
Sweden, Denmark, Schleswig-Holstein, Mecklenburg-
Vorpommern and Poland contains atotal of 142 fresh-
water and 80 brackish/marine ostracod species.
Table 2 shows a general decrease of the marine and
brackish water species number from the Belt Sea
(Schleswig-Holstein) with relatively high salinity to
brackish water conditions at the Polish coast. With
74 species Mecklenburg-Vorpommern shows the
second largest number of freshwater taxa behind
Poland. The higher Polish number is explainable by
the larger territory with supplementary habitats, e. g.
waters of the mountains, but reflects a high level
of ostracod research also. In contrary the number of
taxa reported from Sweden and Denmark is surely
too low. Meisch (2000) notes the poor knowledge on
freshwater ostracods from Denmark.

Gerlach (2000) reports atotal of 87 ostracod spe-
cies from brackish water localities of the Kiel Bay

area. This higher number than 61 species from brac-
kish water localities in Mecklenburg-Vorpommern is
not surprising because of the higher salinity in the
Kiel Bay, reaching up to 22 psu. Taxa from the Kiel
Bay missing in our study area are consequently mari-
ne species as Cytherois pusilla G. O. Sars, 1928,
Cytherois vitrea (G. O. Sars, 1865), Cytherura
bidens Klie, 1929, Cytherura inconspicua Klie,
1934, Cytherura nasuta Klie, 1934, Eucythere decli-
vis (Norman, 1865), Eucythere undulate Klie, 1929,
Finmarchinella angulata (G. O. Sars, 1865),
Hemicythere villosa (G. O. Sars, 1865), Hemicytherura
cellulosa (Norman, 1865), Loxoconcha? fragilis G. O.
Sars, 1865, Paracytherois arcuata (Brady, 1868),
Polycope schulz Klie, 1950, Sclerochilus contortus
(Norman, 1861), Semicytherura acuticostata (G. O.
Sars, 1865), Semicytherura angulata (Brady, 1868),
Semicytherura similis (G. O. Sars, 1865), Semicytherura
simplex (Brady & Norman, 1889), Semicytherura stria-
ta (G. O. Sars, 1865), Semicytherura undata (G. O. Sars,
1865), Xestoleberis depressa G. O. Sars, 1865; as
well as Acanthocythereis dunelmensis, Elofsonella
concinna and Palmoconcha guttata known from
Mecklenburg-Vorpommern only as fossils. Seven
freshwater species reported from brackish water in
the Kiel Bay area were found in Mecklenburg-
Vorpommern in freshwater localities only. The fresh-
water species Pseudocandona sucki (Hartwig, 1901),
reported from the Schlei, was not found so far in our
study area. Ostracods from brackish water in
M ecklenburg-Vorpommern and missing in the Kiel
Bay area are Candona lindneri, Cypria subsalsa,
Ilyocypris decipiens (misidentified as |. bradyi?),
Leptocythere porcellanea and L. psammophila (misi-
dentified as L. confusa?), Physocypria kraepelini
and Pseudocandona inscul pta.

Sweden Denmark Schleswig- Mecklenburg-Vorpommern | Poland
Holstein
freshwater 36 11 52 74 122
brackish/marine | 45 62 83 61 43
Total 81 73 112 115 158

TasLE 2-Number of Recent ostracod species in freshwater and brackish water from Mecklenburg-Vorpommern and adjacent
areas at the Baltic Sea coast. The number of taxa for the adjacent areas is compiled from the works of Elofson 1941,
Hagermann 1969, Muus 1967, Theisen 1966 (Denmark), Gerlach 2000, Glnter 1983 (Schleswig-Holstein), Sywula &
Namiotko 1997 (Poland), Ganning 1971, Sars 1922-28 (Sweden) and Klie 1938, Meisch 2000 as well as Rosenfeld 1977 in

general.



FRENZEL-VIEHBERG — CHECKLIST OF RECENT AND QUATERNARY OSTRACODS... 43

The freshwater species Candona muelleri,
Herpetocypris intermedia, Paralimnocythere psam-
mophila and Trajancypris laevis from Mecklenburg-
Vorpommern are not known from the adjacent areas.
C. muelleri is a northeastern European and northern
Asiatic species (Meisch, 2000) and reaches in the study
area probably its westernmost distribution. Contrarily
the western and southern European species H. inter-
media seems to have its northeastern limit in our area.
Cypria subsalsa is indicated by Meisch (2000) from
brackish water localities in the Netherlands and
Belgium only, but he supposes a larger distribution
along the North Sea coast. It seems to be often
misinterpreted as the report from Mecklenburg-
Vorpommern coastal waters shows now.

Bradleystrandesia hirsuta (Fischer, 1851), which
occurs in Poland, Sweden and other countries, lacks
in Mecklenburg-Vorpommern. This species is very
similar to B. reticulata. Probably it was not correctly
identified in the study area so far. Also Candonopsis
scourfieldi Brady, 1910, Cryptocandona reducta
(Alm, 1914), Isocypris beauchampi (Paris, 1920)
and Potamocypris arcuata (Sars, 1903) should occur
in the study area, regarding their general distribution
as indicated in Meisch (2000). Fabaeformiscandona
caudata (Kaufmann, 1900) and Leucocythere mira-
bilis Kaufmann, 1892 are supposed too to occur in
M ecklenburg-Vorpommern, but they are typical for
the profundal and sublittoral zone of lakes, which
was scarcely sampled in the study area and often
seriously changed by eutrophication during the last
50 years.

SUBFOSSIL AND FOSSIL OSTRACODS

The results from published works referring to sub-
fossil and fossil ostracods in the Quaternary of
M ecklenburg-Vorpommern are based on isolated loca-
lities. There are severa Pleistocene and Holocene
coastal and some inland exposures. Another source of
information are cores from mainly Pleistocene sedi-
ments on the mainland and prodcores from Holocene
sediments of the Baltic Sea (Fig. 3-5).

Unpublished reports by Jutta Rusbiihlt from the for-
mer Geological Service of Mecklenburg-Vorpommern
mention Pleistocene ostracods from severa localities
in the mainland of our country. The oldest Quaternary
ostracod fauna is known from some cores taken in the
southwest of Mecklenburg and reflects a marine facies
of Late Elsterian age (Fig. 5). Marine species like
Elofsonella concinna, Cytheropteron montrosiense

and Acanthocythereis dunelmensis belong to this
fauna. Although the whole territory of Mecklenburg-
Vorpommern is suspected to be covered by the
Holsteinian sea, the published material is dominated
by brackish water associations in this period. The few
marine associations known are similar to those found
in Late Elsterian deposits. There is only one evidence
for a freshwater succession within the Saalian so far,
which is located at Klein-Klitz-Hoéved in the north-
west of the study area (Strahl et al., 1994). A rich mari-
ne Eemian ostracod fauna was found at several locali-
ties along the present shoreline, besides afew brackish
water associations (Fig. 4). The so called Cyprina clay,
dated as Early Weichselian, is known from some coas-
tal exposures and has been studied already (Frenzel,
1993). There are two associations to be distinguished:
a rich boreal fauna with Robertsonites tuberculatus,
Elofsonella concinna, Sarsicytheridea punctillata,
Cytheropteron montrosiense, etc., and an arctic cold-
water fauna consisting of only two species
Roundstonia globulifera and Cytheropteron pseudo-
montrosiense. Pleistocene ostracod associations are
not known from the open Baltic Sea except afew Late
Glacial freshwater associations. In total 54 ostracod
species are known today from the Pleistocene of
Mecklenburg-Vorpommern (Table 3). This number is
similar to that one of Poland (calculated from literatu-
re data). The documented fossil record for Sweden,
Denmark and Schleswig-Holstein is poor compared
with the study area. An exception is the marine/brac-
kish Holsteinian from Schleswig-Holstein, where
extensive faunal lists are given (e. g. Lange, 1962;
Lord et al., 1993).

Late Glacia and Holocene associations are repor-
ted from Baltic Sea prodcores and from mainland
exposures (Fig. 3). The cores sampled from the coas-
tal region contain freshwater ostracods, which are
dated back to the Younger Dryas until Preboreal
(Diebel, 1965a). The changing of ostracod associa-
tions reflects the Late Glacia to Holocene succession
from a Candona candida fauna to a Metacypris cor -
data fauna (Absolon, 1973) as discussed by Griffiths
& Evans (1995). Besides Prelitorine freshwater ostra-
cod associations brackish-marine taxa have been
reported from the Littorina stage (Atlantic) (unpu-
blished works of Stuck, 1995; Reich & Frenzel,
1996; Rossdeutscher, 1996; Trapp, 1998), indicating
partly higher salinities than today (Table 3). The suc-
cession of associations from these sections reflects
the evolution of the Baltic Sea and redraws sea-level
and salinity variations. Unfortunately the organic
rich brackish water sediment samples do often not
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marine brackish freshwater total
Littorina and |0 21 4 25
postlittorine stages
Ancylus stage 0 2 18 20
Yoldia stage 0 0 17 17
total Holocene | 0 22 23 42
(without Recent)
Late Glacial 0 0 18 18
Weichselian 12 3 16 30
Eemian 4 5 14 23
early Saalian 0 1 10 11
Holsteinian 9 2 8 19
late Elsterian 3 0 0 3
total Pleistocene 18 10 29 54
total Quaternary |21 24 33 67
(without Recent)

TaBLE 3-Number of ostracod species documented from Quaternary environments in Mecklenburg-Vorpommern.

contain any calcareous fossils as these may be easily
dissolved.

The given information on stratigraphic distribu-
tion of ostracods is not strong enough to declare cer-
tain species as stratigraphic guide fossils. But it
seems to be possible to set up some ecostratigraphic
forms or associations. For instance the monospecific
or dominant occurrence of Roundstonia globulifera
indicates a specific and easily recognizable facies

within the Weichselian. The limnocytherid freshwa-
ter ostracods Leucocythere baltica, Limnocythere
blankenbergensis, Limnocythere falcata, as well as
Limnocytherina sanctipatricii in a lesser degree, are
characteristic for late glacial or interstadial waters
under arctic/subarctic climate. Cyprideis torosa,
widely distributed in Holocene and Pleistocene, isan
important bioindicator for brackish water sediments
in shallow lagoons and estuaries.

—

PLATE 1-Ostracods from brackish/marine environments. 1, Acanthocythereis horrida (Sars, 1866), female right valve — well Hy
Neubukow 1/92, 93-94 m, Holsteinian. 2, Elofsonella concinna (Jones, 1857), female left valve, internal view — Klisser
Nische, Arkona, Rlgen, sample H33, Cyprina clay, Weichselian. 3, Acanthocythereis dunelmensis (Norman, 1865), male left
valve — well Hy Neubukow, 1/92 93-94 m, Holsteinian. 4, Heterocyprideis sorbyana (Jones, 1856), female right valve —
Arkona Sea, Mya-Stage. 5, Sarsicytheridea bradii (Norman, 1865), female right valve, internal view — Klisser Nische,
Arkona, Riigen, sample H5, Cyprina clay, Weichselian. 6, Robertsonites tuberculatus (Sars, 1865), female right valve, inter-
nal view — Klisser Nische, Arkona, Rugen, sample H5, Cyprina clay, Weichselian. 7, Cytheropteron pseudomontrosiense
Whatley & Masson, 1979, female? left valve — Kllsser Nische, Arkona, Rigen, sample H33, Cyprina clay, Weichselian. 8,
Palmoconcha guttata (Norman, 1865), female right valve — cliff NE Hucke, Hiddensee, Cyprina clay, Weichselian. 9,
Roundstonia globulifera (Brady, 1865), female? right valve — Klisser Nische, Arkona, Riigen, sample H33, Cyprina clay,
Weichselian. 10, Eucythere argus (Sars, 1865), female left valve — Arkona Sea, Mya-Stage. 11, Cytheropteron latissimum
(Norman, 1865), right valve — Arkona Sea, Recent. 12, Loxoconcha elliptica (Brady, 1868), male |eft valve — Strelasund, sta-

tion SL3, Recent.
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CONCLUSIONS

The knowledge about the Recent ostracod fauna of
M ecklenburg-Vorpommern is quite good compared to
other regions. But existing data, especially on fresh-
water ostracods, were collected about 50 years ago and
often represent only the distribution of species. So, a
rather rough overview can be given on the ostracod
faunaof the study area. Faunistical changes such asthe
extinction or the invasion of species, discussed in
the context of anthropogenic influence, cannot be eva-
luated with this database only.

The occurence of Recent ostracod taxa in
Mecklenburg-Vorpommern in comparison with adja-
cent regions shows a decreasing diversity from the
west to the east caused by the higher salinity of
the Baltic Sea in the western parts. No tendency is
recognizable for the freshwater taxa.

The knowledge about the distribution of subfossil
and fossil Quaternary ostracods from the study area
is rather poor but comparable to this one of adjacent
regions. The comparison of ostracod occurences
from Quaternary sediments of different regions
reflects more the state of knowledge on these ostra-
cods than real diversity phenomena. No real strati-
graphical index forms within the Quaternary ostra-
cod associations of Mecklenburg-Vorpommern are
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recognizable. However, ecostratigraphic work with
associations is possible.

In future work, special emphasis has to be put on
getting data about whole ostracod associations and
environmental parameters in context. This knowledge
may be used in environmental monitoring programmes
or palacoenvironmental analysis of Quaternary sedi-
ments. Ostracods have still a great potential which just
has to be utilised.
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PLATE 2-Ostracods from brackish/freshwater environments. 1, Bradleystrandesia fuscata (Jurine, 1820), female left valve —
south of Wampen near Greifswald, tempoary pond, Recent. 2, Cyprois maginata (Straus, 1821), female left valve, internal
view — Ldcknitz near Pasewalk, Recent. 3, 4, Fabaeformiscandona holzkampfi (Hartwig, 1898). 3. male right valve —
Greifswald, Recent. 4. female right valve — Greifswald, Recent. 5, 6, Limnocytherina sanctipatricii (Brady & Robertson,
1869). 5. male left valve — Pomerian Bight, Ancylus-stage. 6. female left valve — Pomerian Bight, Ancylus-stage. 7,
Leucocythere baltica (Diebel, 1965a), female right valve — KlUsser Nische, Arkona, Rugen, sample H6, Cyprina clay (rede-
posited?), Weichselian. 8, Physocypria kraepelini (G. W. Miller, 1903), female left valve - river Ryck, Greifswald, Recent.
9, Cytherissa lacustris (Sars, 1863), female left vave — Pomerian Bight, Ancylus-stage. 10, Sarsicytheridea punctillata
(Brady, 1865), female left valve — Kllsser Nische, Arkona, Rigen, sample P4, Cyprina clay, Weichselian. 11, Leptocythere
lacertosa (Hirschmann, 1912), female right valve — Greifswalder Bodden, sample GB47, Recent. 12, Leptocythere psam-
mophila (Guillaume, 1976), male left valve - well Herrnburg, 1/58 41,9-42,7 m, Eemian. 13, Loxoconcha elliptica Brady,
1868, female right valve — well Herrnburg 1/58, 41,9-42,7 m, Eemian.
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No. and L ocality Stratigraphy Taxa

[123] Baltic Sea north off Recent Robertsonites tuberculatus, Sarsicytheridea bradii

Kuhlungsborn (October, November 2001)

(54°14.0'/11°42.8")

[124] Baltic Sea north off Recent (February 2002) Robertsonites tuberculatus

Kuhlungsborn

(54°14.0'/11°42.8")

[125] Baltic Sea north off Recent (April 2002) Acanthocythereis dunelmensis, Robertsonites tuberculatus,

Kuhlungsborn Sarsicytheridea bradii

(54°14.0/11°42.8')

[126] Baltic Sea north off Recent (November Robertsonites tuberculatus, Sarsicytheridea bradii

Warnemiinde 2001 and April 2002)

(54°14.86'/11°58.01")

[127] ArkonaBasin Recent Heterocyprideis sorbyana

(0S 226210)

[128] Barthe &t Divitz Rezent (December 2002) | Notodromas monacha

(Briicke; 0.2 psu)

[129] Ryck in Greifswald Recent (July 1992) Cypria ophtalmica, Cytherura gibba, Pseudocandona
compressa

[130] Achterwasser Recent (June 1992) Candona candida, Candona neglecta, Cyprideistorosa

(Usedom; brackish water) f. litoralis + f. torosa, Cytheromor pha fuscata,
Fabaeformiscandona levanderi, Fabaeformiscandona
protz, llyocypris decipiens, Limnocythere inopinata

[131] Oderhaff Recent (August 2001) Candona candida, Candona neglecta, Cyclocypris ovum
f. impressopunctata, Cypria ophtalmica, Cyprideis torosa
f. torosa, Cyprideistorosa f. litoralis, Cypridopsis vidua,
Cytheromorpha fuscata, Darwinula stevensoni,
Fabaeformiscandona protz, [lyocypris decipiens,
Limnocythere inopinata, Physocypria kraepelini,
Pseudocandona spp.

[132] Lendershagen near Velgast Recent (May 2001) Cyprois marginata, Cypria ophtalmica, Cyclocypris ovum,
juv. Pseudocandona

[133] Letzin near Demmin Recent (March 2002) Cypria ophtalmica, Cyclocypris ovum, Cyclocypris serena

[134] Vietlipp near Grimmen Recent (May 1998) Cypria ophtalmica, Cypris pubera, Ilyocypris gibba

[1344] Locknitz near Pasewak Recent (June 2003) Cypridopsis vidua, Cyprois marginata, Darwinula stevensoni,
Limnocythere inopinata, Notodromas monacha

[135] Neu Gaarz (Mecklenburg), Recent (August 2002) Heterocypris incongruens, Cypria ophtalmica

small artificial water basin

[136] Riigen (Ossen near Bergen) Recent (May 2002) Fabaeformiscandona acuminata

APPENDIX
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[137] Ladebow, Irrigation plant near

Greifswald Recent (July 1992) Heterocypris incongruens

[138] Peenestrom near Rankwitz Recent (June 1992) Cyprideistorosaf. litoralis + f. torosa, Ilyocypris decipiens
[139] Peene swamps near Gltzkow | Recent (July 1992) Cyclocypris ovum, Cypria ophtalmica, |lyocypris sp.

[140] Rotes Moor near Anklam Recent (April 2000) Fabaefor miscandona acuminata

[141] Wampen near Greifswald Recent (March 1998) Bradleystrandesia fuscata

[142] northern periphery of lake
Glambecker See near Schwerin

Subfossil (Subatlantic?)

Darwinula stevensoni, Fabaeformiscandona hol zZkampfi,
Fabaeformiscandona levanderi, Metacypris cordata

[143] Teterower See

Subfossil (Subatlantic?)

juv. Candona sp., Cyclocypris globosa,Cyclocyprisovum
impressopunctata, Cyprideistorosa (f. torosa and f. litoralis),
Ilyocypris decipiens, juv. Pseudocandona sp.

[144] Mukran on Jasmund Holocene Rich freshwater fauna
peninsula/ Ile of Rugen
[245] Neu Pansow near Holocene Rich freshwater fauna

Greifswald

[246] Jasmund north of Witt,
Ide of Riigen (erratic)

Weichsdlian (1, interstadial)

Limnocythere falcata

[147] Dornbusch NE from
Hucke, Hiddensee

Weichsdlian (Cyprina clay)

Palmoconcha guttata f. granulata, Robertsonites
tuberculatus, Sarsicytheridea bradii

[148] Dornbusch, Hiddensee

Weichsdlian (Cyprina clay)

Robertsonites tuberculatus, Sarsicytheridea punctillata

[149] Titzpatz near
Altentreptow, well Titzpatz
1/62, 59.65 m

Weichsdlian (Cyprina clay)

Roundstonia globulifera

[150] Kuhlungsborn near Eemian? Cyprideistorosa f. litoralis

Rostock, cliff near Fulgenbach

[151] Grimmen, quarry Eemian Cyprideistorosa f. torosa

[152] Herrnburg near L Uibeck, Eemian Leptocythere psammophila, Loxoconcha elliptica,
well Herrnburg 1/58, Samicytherura sella, Xestoleberis nitida
40.0-42.7 m

[153] Herrnburg near L iibeck, Eemian Cyprideistorosa

well Herrnburg 2/74, 33-34 m

[154] Gustrow, well Hy Holsteinian Cyprideistorosa

Gustrow 4/77, 75-76 m

[155] Gustrow, well Hy Holsteinian Cyprideistorosa, Cytherissa lacustris

Gustrow 7/77, 70-72 m (?)

[156] Neubukow near Sal zhaff Holgteinian? Acanthocythereis dunelmensis, Acanthocythereis horrida,
lagoon, well Hy Neubukow Elofsondlla concinna

1/92,93-94m

[157] Thirrkow near Teterow, Holsteinian Elofsonella concinna

well Thirkow 1/63, 88.55 m

AppPeNDIX (Continuation)
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Abstract

From atotal of 50 ostracod speciesin the nearshore zone of Madeira and the Canary Islands, twel-
ve belong the subfamily Paradoxostomatinae Brady & Norman, 1889 emend. Schornikov, 1993. For
thefirst time a clear definition of the genus Paradoxostoma Fischer s. s. is given and the type species
P. dispar redescribed and fully illustrated. Fifteen nov. comb. are proposed and two nov. syn.:
Paradoxostoma insigne Hartmann, 1959 = Paradoxostoma sarniense Brady, 1868 and
Paradoxostoma lunatum Okubo, 1977 = Pontostoma honssuense (Schornikov, 1975) are established.
“Paradoxostoma” planum Mdiller, 1894 is provisionally placed in Paradoxostoma s. |. as details of
the soft parts are unknown. Morphological details of five new genera and nine new species are pro-
vided: Paradoxostoma wirtzi sp. nov., Lanceostoma gen. nov. with Lanceostoma tenerifense sp. nov.;
Calcarostoma gen. nov. with Calcarostoma calcaratum Schornikov & Wouters sp. nov.; Bradystoma
gen. nov. with Bradystoma bradyforme sp. nov.; Pontostoma gen. nov. with Pontostoma paraponti-
cum sp. nov., Pontostoma atlanticum sp. nov.; Triangulostoma gen. nov. with Triangul ostoma madei-
rense sp. nov.; Brunneostoma littorale sp. nov. and Brunneostoma cuneatum sp. nov. The differences,
on which the discrimination of generain the Paradoxostomatinae is based, are of the same scale as
those used to distinguish generain other Cytherocopinafamilies. Diagnostic charactersinclude shape
and expression of sexual dimorphism of the shell, structure of the fused zone, muscle scar patterns,
hinge and penis. The appendages of different genera vary in the degree of reduction of various parts
of the antenna, mandible, and maxillula.

Key words: Ostracoda, Paradoxostomatinae, morphology, taxonomy, Recent, marine, Madeira,
Canary Islands.

Resumen

De un total de 50 especies de ostrédcodos reconocidas en la zona marina costera de Madeiray las
iIslas Canarias, 12 pertenecen a la subfamilia Paradoxostomatinae Brady & Norman, 1889 emend.,
Schornikov, 1993. Se propone por vez primerauna definicion claradel género Paradoxostoma Fischer
s.s. y laespecietipo P. dispar esredescritay convenientemente ilustrada. Se proponen 15 nuevas com-
binaciones y se establecen dos nuevos sindénimos: Paradoxostoma insigne Hartmann, 1959 =
Paradoxostoma sarniense Brady, 1868, y Paradoxostoma lunatum Okubo, 1977 = Paradoxostoma
honssuense (Schornikov, 1975). “Paradoxostoma” planum Miller, 1894, es incluido provisionalmen-
te en Paradoxostoma s. |. debido a desconocimiento de detalles de sus partes blandas. Se describen
detalles morfol 6gicos de cinco géneros nuevos y de nueve especies nuevas. Paradoxostoma wirtzi sp.
nov., Lanceostoma gen. nov., Lanceostoma tenerifense sp. nov., Calcarostoma gen. nov., con
Calcarostoma calcaratum Schornikov & Wouters sp. nov.; Bradystoma gen. nov. con Bradystoma
bradyforme sp. nov.; Pontostoma gen. nov. con Pontostoma par aponticum sp. nov., Pontostoma atlan-
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ticum sp. nov; Triangulostoma madeirense sp. nov; Brunneostoma littorale sp. nov. y Brunneostoma cuneatum
sp. nov. Las diferencias en las cuales se ha basado la discriminacion de los géneros dentro de Paradoxostomatinae
son de la misma escala que las empleadas en otras subfamilias de Cytherocopina. Los caracteres diagnosticos
incluyen laformay laexpresion del dimorfismo sexua del caparazdn, la estructura de la zona de fusion, la con-
figuracién del campo de huellas musculares, de la charnelay del pene. Los apéndices de los diferentes géneros
varian en € grado de reduccion de varias partes de la antena, mandibulay maxilula.

Palabras clave: Ostracoda, Paradoxostomatinae, morfologia, taxonomia, Reciente, marino, Madeira, islas

Canarias.

INTRODUCTION

In a study on ostracods from Peter the Great Bay
(Sea of Japan), Schornikov (1993a, b) revised the
Paradoxostomatidae and divided the family into three
subfamilies: Cytheroisinae Schornikov, 1993, Parado-
xostomatinae Brady & Norman, 1889 and Para-
cytheroisinae Schornikov, 1993. Basically, the families
can be separated using differences in the structure of
the mouthparts. However, the transformations in the
oral region do not represent three subsequent stages of
reduction, but are instead the result of parallel evolu-
tion from an ancient stock.

At present the subfamily Paradoxostomatinae com-
prises 11 genera with approximately 62 species. Ace-
tabulastoma Schornikov, 1970 (9 species); Austro-
paradoxostoma Hartmann, 1979 (type species only,
Austroparadoxostoma pliocenica Whatley & May-
bury, 1983 belongs to a different genus); Echinophilus
Schornikov, 1973 (1 species); Echinositus Schornikov,
1973 (1 species); Obesostoma Schornikov, 1993 (4-77?
species); Paradoxostoma Fischer, 1855 s. s. (9 spe-
cies); Xiphichilus Brady, 1870 (10 species, 5 in open
nomenclature). Schornikov (19934, b) separated the most
aberrant species into three genera. Boreostoma
Schornikov, 1993 (11 species); Brunneostoma Schornikov,
1993 (11-13? species); Obesostoma Schornikov, 1993
(4-7? species).

In striking contrast, Paradoxostoma s. I. is home
to an estimated 150 named species and a great num-
ber in open nomenclature. Its representatives are
known throughout the World Ocean, and its fossil
record dates back to the Lower Jurassic (Michelsen,
1975). It encompasses a large variety of species
groups characterised by morphological similarities as
well as peculiarities of distribution and ecology.
Distinguishing features include the shape and sexual
dimorphism of the shell, the structure of the fused
zone, muscle scar patterns, hinge and penis.
Peculiarities of the exo- and endopodite of antenna,

the chaetotaxy of the mandibular palp and coxa, the
structure of the maxillula and brush-shaped organ can
also be used to discriminate between closely related
groups. These differences are of the same magnitude
as those used to distinguish genera in other
Cytherocopina families.

Prior to our study atotal of eight Paradoxostomatinae
species were known from the nearshore region of
Madeira and the Canary Idands. Fischer (1855) first
recorded four marine podocopid species among algae on
rocksin thelittoral zone of Madeira; three of them, inclu-
ding Paradoxostoma dispar, were described as new.
Brady (1911) reported 46 ostracod species from
Madeira, five of which he assigned to Paradoxostoma: P.
hibernicum Brady, 1868, and P. arcuatum Brady, 1868,
from the littoral zone, and P. gracile Brady, 1911, P.
cylindricum Mdiller, 1894, and P. flexuosum (Brady,
1867) from deep water dredged in 30-70 fathoms.
Brady’s material contained only dried shells so identifi-
cation of these species using modern criteriais difficult.
Both P. arcuatum and P. flexuosum have since been
assigned to the genus Paracytherois MUller. As aready
shown by Horne and Whittaker (1985: 158-159) Brady
occasionally confused very similar species of
Paradoxostoma s. s. and in our opinion mistook P. dis-
par, acommon speciesin thelittoral zone of Madeira, for
P. hibernicum. Finaly, Hartmann (1959) described four
new species, including two Paradoxostoma, P. curtum
and P. insigne, from the littoral zone of Tenerife. P. cur-
tum, which we did not encounter in this study, is an unu-
sual species and clearly belongs to a different genus,
Paradoxostoma insigne Hartmann, 1959, is a synonym
of Paradoxostoma sarniense Brady, 1868 (see:
Systematic description).

Clearly, the first step in the reclassification of
Paradoxostoma s. |. required a detailed study of the
type species and a exact definition of the genus
Paradoxostoma s. s. However, the original (and only)
description of the type, P. dispar Fischer from
Madeira, is outdated. Fischer’s (1855) illustrations are
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highly imperfect and one can only guess at relevant
morphological details. Fortunately, the present mate-
ridl from the nearshore zone of Madeira and the
Canary Islands contained a significant number of spe-
cimens of P. dispar as well as eleven species of
Paradoxostoma s. |. We are confident that we have
obtained the true P. dispar for a number of reasons: it
is one of the most abundant species in the nearshore
zone; the shell shows striking similarities in shape,
proportions and presence of dark patches to the origi-
nal figures (Fischer, 1855: Pl. 2, Fig. 2); sizes coinci-
de: length of our specimens = 0.56-0.60 mm vs. length
of Fischer’s specimen = 0.30""". The ventral margin of
the ventrodistal lobe is also visible in Fischer’s illus-
tration of the penis (1855: PI. 2, Fig. 4). The dorsodis-
tal lobe (termed “Penis (?)” by Fischer) and large dor-
sodistal prehensile process (termed “hakenférmiges
Haftorgan” by Fischer) are also quite similar. The pre-
sent material provided an excellent opportunity to per-
form a detailed morphological study of P. dispar and
provide up-to-date illustrations of the type, to designa-
te neotype and paraneotypes, and to clearly define the
genus Paradoxostoma s. s.

The remaining paradoxostomatid speciesin the pre-
sent samples formed the basis for five new genera des-
cribed below: Bradystoma gen. nov. (2 species);
Calcarostoma gen. nov. (2 species); Lanceostoma gen.
nov. (4 species); Pontostoma gen. nov. (11 species)
and Triangul ostoma gen. nov. (2 species). Our material
from nearshore of Madeira contained only one female
specimen of the type species of Calcarostoma gen. nov.
However, at the last moment, in fact at the EOM-V in
Cuenca, discussion with Dr. Karedl Wouters (Royal
Belgian Institute of Natural Sciences, Dept. of
Invertebrates, Vautierstraat 29, B-1000 Brussels,
Belgium; email: karel.wouters@natural sciences.be)
revealed that he had at his disposa two male speci-
mens (and drawings) of the same species from the lit-
toral of the Cape Verde Islands. We decided to pool our
resources and describe Calcarostoma calcaratum
Schornikov & Wouters sp. nov. in this paper.

MATERIAL, TERMINOLOGY AND
METHODS

Material for this study consisted of four samples:

Sample 1. Tenerife, Canary Idands, collected by. Mr.
Udo Schwarz near the town Puerto on 1 November 2001,
depth up to 0.3 m, Corallina and other algae on rocks.

Samples 2, 3, 4. Madeira, collected by Dr. Peter
Wirtz from Reis Magos, a small fishing village on the

south-east coast of Madeira; depth up to 0.3 m;
Corallina, Padina and other algae on rocks;
Amphipoda: Gammaridea, Caprellidea; |sopoda,
Ophiuroidea. Samples were collected on 3 April 2002
(Sample 2), 29 April 2002 (Sample 3), and 10
November 2002 (Sample 4).

Materia on loan from the Roya Belgian Institute
of Natural Sciences was collected by Th. Backeljau
from arock pool, Baia das Gatas, Sdo Vicente (Cape
Verde Is.) on 5 February 1996.

Materia in the Crustacea Collection, Zoological
Museum Hamburg was also examined for comparative
pUrposes.

Abbreviations: * = live specimens, f = female, m =
male; A-1, A-2 etc. = instars; s = shell; v = valve; RV,
LV =right, left valves, A1, A2 = antennula, antenng;
Md = mandibula; Mx = maxilla; P1, P2, P3 = pereio-
pods;, Bo = brush-shaped organ; Ab = abdomen of
female; Pe = penis;, Bp = basipodite; cp = copulatory
process; dg = ductus gaculatorius, dpc = dorsodistal
process of capsule; dph = dorsodistal prehensile pro-
cess, dl, vl = dorsodistal and ventrodistal 1obes.
and ventrodistal |obes.

Formulae (Fig. 1): Updated armature formulae for
appendages as proposed by Schornikov & Gramm
(1974) are used in generic descriptions. Figures wit-
hout parentheses = podomeres numbered from proxi-
mal to distal; + = junction of podomeres. Figures wit-

Armature of Endopodit A2:
1(0/1)2(0/1)3(.1r./1)4(2¢)

1(0/1)

Ficure 1-Schematic application of armature formula using

exopodite A2 of Lanceostoma n. g.
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hin parentheses = number of setae: numerator = setae
on dorsal margin; denominator = setae on ventral mar-
gin; integer figures = lateral, medial or apical armatu-
re elements, from dorsa to ventral. Figures within
parentheses without indexes = normally development
setae; r = rudimentary; ¢ = claw-shaped seta or claws;
S = sensory seta; p = plumose seta or ray; re = refle-
xed seta or ray; a = atriumwards ray; t = tooth or
tooth-shaped seta; | or m = lateral or media seta. A
dot indicates the presence of an interval between setae
or between podomere ends; a colon indicates apical,
lateral or medial setae; hyphen indicates variable ele-
ments. Commas are used for the sake of clarity e.g. to
separate symbols by unarmed podomeres or setae wi-
thout indexes.

Example: 1,2(1.1.1r.1/1,2¢2-3:.11.)+3(.1c.-1c/O0:
2c1,1s1m) = originaly 3-jointed appendage, 1st podo-
mere unarmed, homologues of 2nd and 3rd podomeres
fused. Dorsal margin of 2nd podomere with 1 proxi-
mal, 1 medial normally developed, 1 medial rudimen-
tary and 1 distal seta, each with an interval inbetween.
Ventral margin with 1 seta, 2 claws and 2-3 setae; late-
raly () 1 media seta. Dorsal margin of 3rd podomere
with 1 claw (in media or distal position); ventral mar-
gin unarmed; distal margin (:) with 2 apical claws, 1
normal, 1 sensory apical seta, and 1 medial seta.

SOME MORPHOLOGICAL REMARKS

The shell of each Paradoxostomatinae genus has a
distinctive shape. In afew cases the shape of the shell
may deviate somewhat from the characteristic shape of
the majority of species in the genus (as in
Brunneostoma) but nevertheless, the general design of
shell remains constant and recognisable. Sexual
dimorphism is weakly expressed in the mgjority of the
genera. In general, females are dlightly higher and lar-
ger than males and more broadly rounded posteriorly.
In Boreostoma, however, the opposite is true; males
are larger and proportionally higher than females and
the posterior margin of the male shell is broadly roun-
ded.

The externa shell surface of most Para
doxostomatidae is smooth and lustrous. Studies show
that the primary sculpture (fossa-mural reticulation) was
already reduced in the supposed ancestors of the group,
the Keijicytherinae (Bythocytheridae), in the Palaeozoic
(Schornikov, 1988; Schornikov & Michailova, 1990).
Only a few genera iteratively developed secondary,
mainly epicuticular sculpture which consists of fine, lon-
gitudinal or oblique striae, grooves, costulae or punctae.
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On the ventral part of the shell of Acetabulastoma, for
example, oblique striae are clearly visible in transmitted
light a medium magnification; in Brunneostoma longi-
tudinal striae run parallel to the ventral margin but can
only be distinguished at very high SEM magnifications;
in Pontostoma the pattern consists of fine tubulae mean-
dering inside the epicuticle, best seen under a light
microscope at high magnification. Relatively large
sculpture elements such as the longitudinal costae seen
in “Paradoxostoma” parallelicostatum Hartmann, 1980
are very rarely found.

The free margin of the Paradoxostomatinae shells
is usually smooth, but Calcarostoma has a small pos-
teroventral spinula, Echinophilus a well-developed
posteroventral spine and Austroparadoxostoma has a
distinctly angular posteroventral projection. Okubo
(1977) investigated the free margin of the Para
doxostomatinae shell in Boreostoma pedale (Hiruta,
1975) and reported the presence of an swelling, which
“may be called” the flange, on the outer side of the
selvage (seen in cross section). In our opinion thisis
not areal flange since this was aready reduced in the
Palaeozoic and is also absent on shells of Jonesiini
and Pseudocytherini (Bythocytheridae) (Schornikov,
1981, 1988). Marginal pore canals do not open betwe-
en the swelling and the selvage as in true marginal
pore canals, but proximal to this swelling or on the
swelling itself (Schornikov, 1993a). Therefore, we
believe that this swelling is homologous to the selva
ge, and the homologue of the list is transposed onto
the outer shell margin. Thislist may be poorly or well-
developed. In addition, the inner lamella of
Paradoxostomatinae bears two or three striae. In spite
of the absence of a flange on shells of Jonesiini,
Pseudocytherini and Paradoxostomatidae, marginal
pore canals which reach of valve margin are appa-
rently no different from ‘real’ marginal pore canalsin
other ostracod groups. The marginal zone (fused zone
and vestibulum) usually has a distinctive shape not
only in species, but aso in groups of closely related
genera. The number of marginal pore canals is often
constant, usually 20, but is sometimes reduced to 15.
Homologies are often difficult to make because of the
very narrow fused zone near to the anterior margin
and other areas. In order to facilitate orientation we
selected two easily recognisable reference points:
canal 10, the largest canal near the atrium area, and
canals 13-14, which lie in the posterior third of the
ventral margin and which are usually juxtaposed or
fused proximally. Useful characters for specific iden-
tification are the arrangement and shape of real mar-
ginal pore canals, as well as the number and shape of
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false marginal pore canals. Sometimes false marginal
pore canals are quite variable within species, for
example in Brunneostoma. Occasionally one encoun-
tersindividuals in which the number and arrangement
is different, even between valves of the same speci-
men.

The hinge in Paradoxostoma s. I. isgenerally regar-
ded as lophodont (Okubo, 1977; Horne & Whittaker,
1985). However, definitions for existing hinge types
do not quite accommodate structures found in the
Paradoxostomatinae. In many groups the terminal ele-
ments of the hinge consist of very delicate structures
with vague boundaries, but terminal teeth of varying
sizes and shapes are also common. Obvioudly, further
investigation of the hinge structures in the Para
doxostomatinae is needed. In this paper we distinguish
two types of hinges: hinges without teeth and hinges
with terminal teeth.

There are three frontal scars in the Parado-
xostomatinae: the frontal scar of the adductors (formed
by a muscle from the endoskeleton), the frontal Md
scar (formed by a muscle from the middle part of Md)
and the fulcral point (Schornikov, 1993a). The frontal
scar of the adductors is small and often difficult to
locate because it lies far in front of the adductor mus-
cle scars. The frontal Md scar and the fulcral point
vary in position, shape and degree of expression,
depending on the structure of Md coxa. In Aceta-
bulastoma, Austroparadoxostoma, Echinophilus and
Boreostoma, which have a relatively short and thick
coxa, these scars are very clear, juxtaposed, and loca
ted just in front of the upper adductor muscle scar. In
Brunneostoma scars are not large, but usually promi-
nent. In Obesostoma, which has a very long and thin
coxa, scars are hardly discernible above the adductor
muscle scars: the fulcral point is located behind, and
the frontal Md scar far in front of the adductors. In
Echinositus the proximal part of the coxais very short,
and thereis only one common scar. In many other gene-
ra, including the majority described herein, the coxais
of medium length and the fulcral point and the frontal
Md scar are very small and indistinct, but the
frontal scar of the adductors is comparatively clearly
expressed.

Valves in the mgjority of Paradoxostomatinae are
colourless and translucent, but opague patches are visi-
ble in transmitted light in Bradystoma. In some genera
valves are pale yellow or brown (Brunneostoma) in
colour depending on the thickness of the epicuticle -
the thicker it is, the more intensive the yellow-brown
colour. Maybe the intensity also varies with the quan-
tity of chitin in the calcified parts of the valves. The
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colour of living specimens originates mainly from the
pigmented epidermis lining the outer lamella. The
shape of the valve, its colour and the arrangement of
patches are usualy distinctive to many genera and dif-
fer in detals in closely related species. Sex-based
colour polymorphism is not uncommon. According to
Hull & Rollinston (2000) males of Boreostoma, e.g. B.
variabile (Baird, 1835), exhibit higher colour poly-
morphism than females. In Lanceostoma and some
other groups, males and instars have adark patch in the
dorsomedial area, while females may be completely
dark inside. Although peculiarities of colour are useful
diagnostic features of living Paradoxostomatinae, pig-
ment patches disintegrate and vanish some hours after
the death of the animals. Therefore, it must be bornein
mind that pigment patches in figures and descriptions
in this paper are only approximate and precise con-
tours can only be defined in living material.

In al known cases, the armature of Al is
1,2+3,4(1/0)5(2/1)6(2/1) 7(4) and the branchia plate of
Mx bears 15 plumose rays. We regard both features as
distinctive to the subfamily. The armature of A2 is
1(0/1)2(0/2-1m1-1)3(.1.-.1r.-0/1)4(1clrlc-2c-1clrc-
1c)-4+1c; exopodite 2-3-jointed, often with additional,
weakly developed subdivision of the proximal podo-
mere. We consider the division into three podomeres
and additional subdivision of the exopodite of A2 an
innovation connected with the intensification of the
function of this organ. Md: Coxa with or without dor-
sal seta; armature of palp: Bp (.1.-0/0),1-?77+1,2 (.1.1-
Ar1-1/1-0/0)3r(4). Mx: Palp similar to 2-jointed
appendix or alarge seta, rudimentary or absent; arma-
ture of first, second and third endites. 2-2c-1; 5-3; 6-3,
respectively. First endite usually small, second and
third oneslong, sub-equal in length, with weakly deve-
loped subdivision in middle. In Acetabulastoma and
Echinophilus the second endite is also shorter than the
third; and in “Paradoxostoma” maxillulahamatum
Hartmann, 1979 the first and second endites are redu-
ced to small projections. Atriumwards rays have a
common base of different lengths in each genera; pro-
ximal part usually sclerified with weakly developed
subdivision. Rays also subdivided in two parts, except
in Acetabulastoma and Echinositus. In Echinophilus
the atriumwards rays are reduced to small projections.
Armature of basal podomeres of P1, P2, P3: (.1.1c/0),
(.1.1-1c/0), (1/0), respectively. In Bradystoma the dor-
somedial seta of P1 islonger in the female than in the
male. Up till now sexual dimorphism of the appenda-
ges was unknown in the Paradoxostomatinae. Bo bira-
mous, rami rectangular, anterior one small, differingin
form in each genus, in Echinophilus reduced to small
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projections with two plumose rays of different length.
Furca of female usually with two setae, anterior one
plumose; in Obesostoma setae are hypertrophied; in
Bradystoma the smooth seta is rudimentary; in males
of Pontostoma both setae are smooth and absent in
females; in Triangulostoma there is only one smooth
seta.

The gonads are usually housed entirely within the
body, but in Bradystoma ripe eggs enter the duplicatu-
re, as in Oviferocholus Schornikov, 1981 (Sclero-
chilini).

In the Paradoxostomatidae the penis has an
archaic rounded basal capsule similar to that of
the Bythocytheridae. As in the Bythocytheridae, the
copulatory processus of most Paradoxostomatinae is
dorsally directed. Therefore, we think that thisis the
original position of the group. We distinguish
the following processesin the distal part of the penis:
(from dorsal to ventral) dorsodistal process of capsu-
le, dorsodistal prehensile process, dorsodistal and
ventrodistal lobes. In the Bythocytheridae the distal
lobe bears a sensory seta, which is found on the ven-
trodistal lobe in Paradoxostomatidae. Bytho-
cytheridae (in particular the Pseudocytherinae) have
two dorsodistal prehensile processes on either side of
the exit of the copulatory process (or ductus ejacula-
torius). Apparently the inner one is transformed into
the dorsodistal lobe in the Paradoxostomatinae, and
the ventrodistal |obe of Paradoxostomatinae is homo-
logous to the distal lobe of the Bythocytheridae.
Acetabulastoma, Boreostoma, Bradystoma, Calca-
rostoma, Echinositus and some other Paradoxos-
tomatinae have a dorsal extension of the dorsodistal
lobe. A distally directed copulatory processus, as in
Triangulostoma, may fuse with the ventrodistal lobe.
In Brunneostoma, which has a long whip-like copu-
latory processus, the dorsodistal prehensile process
is hypertrophied and acuminate, the dorsodistal lobe
is reduced to a small projection that is often difficult
to locate, and the ventrodistal lobe is slender, ven-
trally directed. In cases where the copulatory pro-
cessus is ventrally directed, e.g. in Boreostoma,
new processes have originated alongside it. Future
investigations are necessary to differentiate these
processes.

The morphological evolution of the Ostracoda
(especially Podocop?) is extremely mosaical.
Elements of the soft parts, mainly the appendages
(with the exception of those connected with repro-
duction), evolved by way of reduction. The appenda-
ges of genera within families are extremely uniform,
usually differing from each other by the reduction of

afew elements; innovations are very rare and compa-
ratively insignificant. On the other hand, evolution of
the shell and copulatory appendages is mainly cha-
racterised by progressive complexity (Schornikov,
1986). This is especialy true in the Paradoxos-
tomatinae. At the generic level appendages are very
similar, differing only in the degree of reduction in
various parts of the antenna, mandible and maxillu-
la. Innovations such as plumose, spinose, some
hypertrophy or the particular shape of different ele-
ments are useful characters for specific identifica-
tion. On the other hand, Paradoxostomatinae have
developed a completely unique construction of the
free margin of the shell; large-scale reconstructions
are observed in the structure of the penis; and in
Bradystoma ripe eggs are housed in the duplicature
(normally eggs are retained in the body in the
Cytherocopina).

SYSTEMATIC DESCRIPTION

All holotypes and a large number of paratypes are
deposited in the Zoological Institute and Zoological
Museum, Hamburg (code: ZMH); remaining speci-
mens are deposited in the Museum of Institute of
Marine Biology, Far East Branch, Russian Academy
of Sciences, Vladivostok (code: MIBM); two paraty-
pes are deposited in the Museum of Royal Belgian
Institute of Natural Sciences, Brussels (code: O.C.).
All new taxa are described by Schornikov & Keyser,
except Calcarostoma calcaratum Schornikov &
Wouters sp. nov.

Class OsTtracoDpA Latreille, 1806
Subclass Pobocora Sars, 1866
Order Pobocoripa Sars, 1866
Suborder CyTHEROCOPINA Griindel, 1967
Family PARADOXOSTOMATIDAE
Brady & Norman, 1889
Subfamily PARADOXOSTOMATINAE Brady & Norman,
1889;
emend. Schornikov, 1993
Genus Paradoxostoma Fischer, 1855 s.s.

Type species.—Paradoxostoma dispar Fischer,
1855.

Description.—Shell elongate subovate or ovate, with
broadly rounded anterior and posterior margins;
weakly inflated or compressed; female dightly higher
and larger than male. Hinge without teeth. Fused zone
very narrow anteriorly, relatively narrow and even
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ventrally and posteriorly. Number of margina pore
canals 19-20, canal 20 often not well expressed, canals
13 and 14 usualy not fused. Fulcra point and frontal
Md scar vague, frontal scar of the adductors clear.
Valves colourless, fresh specimens with blue-black
transverse bands. Armature of endopodite AZ2:
1(0/1)2(0/1)3(.1r./1)4(2c), exopodite 3-jointed, with
proximal podomere subdivided. Md coxa straight,
moderately long, without dorsal seta; armature of palp:
Bp, 1,2(1/1)3r(4), apica podomere indistinctly divided
from 2nd podomere. Mx palp reduced to rudimentary
seta; armature of first, second and third endites: 2, 5, 6
respectively; first endite very small, 4 times shorter than
second and third ones. Base of atriumwards rays mode-
rately long, well sclerified. Armature of basal po-
domeres of P1, P2, P3: .1.1c/0; .1.1¢/0; 1/0; third podo-
mere of P3 with strongly spinose anterior margin. Bo
biramous, rami rectangular, anterior one small. Furca
with two medium setae, anterior seta plumose. Pe with
moderately short, dorsally directed copulatory process;
proximal part of ductus g aculatorius unsclerified, long
and curved, often looped. Dorsodistal process of cap-
sule not large, dorsodistal prehensile process, dorso-
distal and ventrodistal lobes present. Dorsodistal 1obe
large, lamellar, cuneiform, ventrally directed, someti-
mes with dorsal extension; ventrodistal lobe lamellar,
subovate, dorsally directed, overlapping dorsodistal
one.

Remarks—Paradoxostoma s.s. resembles Lan-
ceostoma gen. nov. in the structure of Pe, but may be
distinguished by the structure of the shell, Md and Mx.

Composition.—9 species. Paradoxostoma dispar
Fischer, 1855; Paradoxostoma hiber nicum Brady, 1868;
Paradoxostoma  flaccidum  Schornikov, 1975;
Paradoxostoma rarum Miller, 1894; Paradoxostoma
rotundatum Mdiller, 1894; Paradoxostoma sarniense
Brady, 1868; Paradoxostoma tauricum Schornikov,
1965; Paradoxostoma trieri Horne & Whittaker, 1985;
Paradoxostoma wirtzi sp. nov.

Distribution.—Temperate and subtropical waters of
the NE Atlantic and NW Pacific (Japan).

Paradoxostoma dispar Fischer, 1855
(Fig. 2; PI. 1, Fig. 1)

1855 Paradoxostoma dispar sp. nov. Fischer, p. 654-
656; PI. 2 (20), Figs 1-8.

71911 Paradoxostoma hibernicum Brady, 1868. Bradly,
p. 595.

Neotype—ZMH K-40437, male dry with soft parts,
not dissected; Madeira, Sample 2.

Neoparatypes.—ZMH  K-40438-40445;
MIBM 8722. 10*f, 9*2vm, 4* 1vA-1 (Sample
1); 17*f, 11*m, 11*1vA-1, 8*A-2, 3*A-3, 4*A-4,
4*A-5, 2*A-6 (Sample 2); 4*f, 7*m, 8*A-1, 4*A-2
(Sample 3); 5*f, 1*1vA-1 (Sample 4).

Description.—Shell subovate, weakly inflated; ratio
between length, height and width in female =
43:23:14; male = 43:22:14. Anterior and posterior
margins broad and evenly rounded, dorsal margin
weakly convex, ventral margin convex in posterior
part and slightly concave in atrium area. Length of
females and males 0.56-0.60 mm. Length ratio betwe-
en distal podomeresof A1l = 21:15:32:7:4; length ratio
between podomeres of endopodite A2 and apical claws
= 14:21:26:4:8:5. Knee seta of P1 alittle longer than
second podomere, one in P2 half as long as the se-
cond podomere. Pe with comparatively large dorso-
distal process of capsule, length of dorsodistal pre-
hensile process amost equal to height of dorsodistal
lobe. Acuminate end of dorsodistal obe with smooth
ledge on inner margin. Proximal part of ductus ejacu-
latorius looped.

Remarks—The shell of the type species of
Paradoxostoma s. s. resembles P. hibernicum in outli-
ne, but differs in details of shell structure and Pe.
Apparently Brady (1911) thought that P. dispar from
thelittoral zone of Madeirawas Paradoxostoma hiber -
nicum Brady, 1868 (see: Introduction).

Paradoxostoma sarniense Brady, 1868
(Fig. 3; PI. 1, Fig. 2

1868 Paradoxostoma sar niense sp. nov. Brady, p. 460,
Pl. 35, Figs. 26-29, Pl. 40, Fig. 9.

1889 Paradoxostoma hibernicum Brady. Brady &
Norman (pars), p. 232, Pl. 21, Fig. 17 only (non
Brady, 1868).

1957 Paradoxostoma hibernicum Brady. de Vos, p. 60,
62, Pl. 24, Figs. 1la-h.

1959 Paradoxostoma insigne sp. nov. Hartmann,
p. 169, Figs. 26-31; nov. syn.

1969 Paradoxostoma sarniense Brady. Yassini, p. 119,
Ms. 15, 17.

1985 Paradoxostoma sarniense Brady. Horne &
Whittaker, p. 177, Figs. 28A-H, 29A-I, 42C-D.
1989 Paradoxostoma sarniense Brady. Athersuch,
Horne & Whittaker, p. 300, Figs. 12D, E; 130.

Material. -ZMH K-40446- 40452; MIBM 8723.
1*f, 4*2vm, 2*2vA-1 (Sample 1); 10*f, 7*m,
1*A-2 (Sample 2); 2*1vf, 7*m, 1*A-1 (Sample
3).
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Ficure 2—Paradoxostoma dispar Fischer, 1855. Male, valves, Al, A2, Md, P2, Pe, ZMH K-40441; P1, Bo,
ZMH K-40442b; femae, RV, Ab, Mx, P3, ZMH K-40443; F, PeF, origind illustrations from Fischer (1855,
M. 2, Figs. 2, 4). 7-20, marginal pore canas. Scale bars = 0,2 mm (valves); 0,1 mm (P1-3, Ab); 0,05 mm
(al others).
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Ficure 3—Paradoxostoma sarniense Brady, 1868. Male, RV, A2, Bo, Pe, Md, ZMH K-40446; A1, P1-P3, ZMH K-40447b;
femae RV, Mx, ZMH K-40448; Ab, ZMH K-40449b; Paradoxostoma insigne Hartmann, 1959. PeA with cover dip, PeB
without cover dlip (syntypes, ZMH K-28042). Scale bars = 0,2 mm (valves); 0,05 mm (all others).
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Remarks.—Our specimens agree well with the des-
cription by Horne & Whittaker (1985). Length of
females 0.58-0.60 mm, of males 0.56-0.60 mm. A
study of the syntypes of P. insigne (ZMH-28042) dis-
closed that Hartmann’s (1959: 169-171, Figs. 26, 27,
30) illustrations of the male valve and penis are not
exact because the valve was decalcified and the penis
was drawn without a cover slip. Our figures (Figs. 3
PeA & B) show that Paradoxostoma insigne
Hartmann, 1959 is a synonym of Paradoxostoma sar -
niense Brady, 1868.

Paradoxostoma wirtzi sp. nov.
(Fig. 4 A; Pl. 1, Fig. 3)

Holotype—ZMH K-40453a, b, male; Madeira,
Sample 2.

Derivation of name.—After Dr. Peter Wirtz, who
collected the samples.

Description.—Shell elongate subovate, weakly
inflated; ratio between length, height and width male
= 24:11:8. Anterior margin cut off in upper part, pos-
terior margin wide and evenly rounded, dorsal margin
gently arched, ventral margin almost straight. Length
of male 0.48 mm. Length ratio between distal podo-
meres of Al = 14:20:5:4; length ratio between po-
domeres of endopodite A2 and apical claws
= 12:16:16:4:7:5. Knee seta of P1 equal to second
podomere, one in P2 shorter than 1/3 second podo-
mere. Pe with very small dorsodistal process of cap-
sule, dorsodistal prehensile process large and broad.
End of dorsodistal lobe acuminate beak-like.
Proximal part
of ductus gaculatorius looped.

Remarks—The new species resembles P. rarum
Mduller, 1894 but clearly differs in the structure of
shell and Pe.

Genus Paradoxostoma Fischer, 1855 s. I.
Paradoxostoma planum Miiller, 1894
(Fig. 4 B)

1894 Paradoxostoma planum sp. nov. Miiller, p. 314,
Pl. 23, Figs. 19, 17.

1912 Paradoxostoma planum Mller. Mller, p. 284.

Non 1988 Paradoxostoma planum Mdller. Ruan &
Hao, p. 338, PI. 60, Figs. 26-28.

Non 1988 Paradoxostoma planum Mdller. Ruan &
Hao, p. 338, Pl. 60, Figs. 26-28.

Material. —~ZMH K-40454a, b, 1 female shell with
remains of appendages, Madeira, Sample 3.

Remarks.—Our specimen agrees well with the des-
cription by Muller (1894), however, it is significantly
smaller (Ilength 0.38 mm) than indicated by Mduller
from the Gulf of Naples (length 0.44-0.50 mm).
Based on peculiarities of the shell and Pe structure, P.
planum clearly belongs to a new genus. However,
owing to the lack of knowledge concerning morpho-
logical details of this species, it is provisionally left
in Paradoxostoma s. I.

Genus Lanceostoma gen. nov.

Type species.—Lanceostoma tenerifense sp. nov.
here designated.

Derivation of name.—A reference to the lance-like
shell of this paradoxostomatine genus.

Description.—Shell lanceolate, with narrowly
rounded anterior and posterior margins and weak
caudal process above mid-height; weakly inflated or
compressed; female slightly higher and larger than
male. Hinge without teeth. Fused zone narrow ante-
riorly, very broad ventrally and posteriorly, with cha-
racteristic posteroventral embayment. Number of
marginal pore canals 20, canals 13 and 14 fused.
Fulcral point and frontal Md scar vague, frontal scar
of adductors clear. Valves yellow or pale-brown;
fresh specimens of males and instars with dark patch
in dorsomedial area, female valves dark for the most
part or fully dark inside. Armature of endopodite A2:
1(0/1)2(0/1)3(.1r./1)4(2c), exopodite 3-jointed. Md
coxa straight, moderately long, without dorsal seta;
armature of palp: Bp+1,2(1/1)3r(4); apical podomere
distinctly divided from 2nd podomere. Mx palp
absent; armature of first, second and third endites:
1rl, 5, 6 respectively; first endite very small, second
and third ones long. Base of atriumwards rays long,
well sclerified. Armature of basal podomeres of P1,
P2, P3: .1.1c/0; .1.1c/0; 1/0. Bo biramous, rami rec-
tangular, anterior one small. Furca with two medium
setae, anterior seta plumose. Pe with moderately
long, dorsally directed copulatory process; proximal
part of ductus ejaculatorius unsclerified and curved.
Dorsodistal prehensile process present. Dorsodistal
lobe large, lamellar, cuneiform, ventrally curved;
ventrodistal lobe lamellar, subovate, dorsally direc-
ted, overlapping dorsodistal Iobe.

Remarks.—The new genus resembles Para-
doxostoma s. s. in the structure of Pe, but differs
strongly in the structure of shell, Md and Mx. A
great number of species from different parts of the
World Ocean superficially resemble Lanceostoma
but differ in the structure of the appendages and Pe.
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Further study on the morphology and classification Ilelum (Mdller, 1894) nov. comb.; Lanceostoma tae-
of this large complex of apparently closely related niatum (Muller, 1894) nov. comb.; Lanceostoma

species groups is needed. tenerifense sp. nov.
Composition.—~4 species. Lanceostoma interme- Distribution.—Temperate and subtropical waters of

dium (Mdller, 1894) nov. comb.; Lanceostoma para- NE Atlantic.

FIGURE 4-A, Paradoxostoma wirtzi sp. nov. Male, holotype. B, Paradoxostoma planum Miiller, 1894. Female,
ZMH K-40454a. Scale bars = 0,2 mm (valves); 0,05 mm (all others).



68 REVISTA ESPANOLA DE MICROPALEONTOLOGIA, V. 36, N.° 1, 2004

Lanceostoma tenerifense sp. nov.
(Fig. 5; Pl. 1, Fig. 4)

Holotype—ZMH K-40455a, b, mae; Tenerife Is.,
Sample 1.

Paratypes—ZMH K-40456- 40458, 1vf, 3*m, 1*A-1
(Sample 1); ZMH K-40459-40460, 3*f, 3*m
(Sample 2); ZMH K-40461, MIBM 8724,
87*1s2vf, 47*m, 48*2vA-1, 38*1vA-2, 4*A-3,
1*A-4 (Sample 3); 66*f, 71*m, 42* IvA-1, 34*A-2,
11*A-3 (Sample 4).

Derivation of name—For the isand where the type
was collected.

Description.—Shell widely lanceolate, weakly infla-
ted; ratio between length, height and width female =
27:12:8, in male = 27:11:6. Anterior extremity roun-
ded, posterior more acuminate, caudal process almost
at mid-height; dorsal margin moderately convex,
dlightly more so in females than males; ventral margin
convex in posterior part, slightly concave in atrium
area. Line of concrescence fused to inner margin in
atrium area, in front and behind margina pore cana
pair 13-14. Length of females and males 0.48-0.54
mm. Length ratio between distal podomeres of Al =
19:15:22:8:4; length ratio between podomeres of
endopodite A2 and apical claws = 12:16:20:5:10:5.
Knee seta of P1 alittle longer than second podomere,
acuminate beak-like; one in P2 alittle shorter than half
the second podomere. Pe with small, thin dorsodistal
prehensile process, and comparatively short but very
thick copulatory process.

Remarks.—The new species resembles L. interme-
dium (Mller, 1894), but clearly differs in the structu-
re of shell and Pe.

Genus Cal carostoma gen. nov.

Type species.—Cal carostoma cal caratum Schornikov
& Wouters sp. nov. here designated.

Derivation of name.—L. calcar, spine. A reference
to the small spine on the ventral margin of this para-
doxostomatine genus.

Description.—Shell elongate, subovate, with broadly
rounded anterior and posterior margins and small poste-
roventral spinula; weakly inflated; female dightly larger
than male. Hinge without teeth. Fused zone narrow
anteriorly, even and relatively narrow or moderately
broad ventrally and posteriorly. Number of margina
pore canals 20, canals 13 and 14 usualy not fused.
Fulcral point located above upper adductor muscle scar,
frontal Md scar and frontal scar of adductors clear.
Valves colourless, fresh specimenswith dark-grey trans-

verse bands or completely dark-grey inside. Armature
of endopodite A2: 1(0/1)2(0/1)3(0/1)4(2c), exopodite 3-
jointed. Md coxa straight, moderately long, with dorsa
seta; armature of pap: Bp+1,2,3r(4), apica podomere
distinctly divided from 2nd podomere. Mx palp reduced
to rudimentary seta; armature of first, second and third
endites: 1r1, 5, 6 respectively; first endite medium sized,
second and third ones long. Base of atriumwards rays
moderately long, well sclerified. Armature of basal
podomeres of P1, P2, P3: .1.1c/0; .1.1c/0; 1/0; third
podomere of P3 with spinose anterior margin. Bo bira-
mous, rami rectangular, anterior one slender. Furca
with two medium setae, anterior seta plumose. Pe with
dorsaly directed copulatory process; proximal part of
ductus egjaculatorius unsclerified and looped or fully
sclerified. Dorsodistal prehensile process present.
Dorsodistal lobe large, lamellar, cuneiform, ventrally
curved, with dorsal extension; ventrodistal lobe small,
lamellar.

Remarks—The new genus resembl es Paradoxostoma
S. S. in the structure of shell, but is easily distinguished
by the posteroventral spinula and differences in the
structure of Md and Mx.

Composition.—Cal carostoma cal caratum sp. nov. and
Calcarostoma denticulatum (Okubo, 1977) nov. comb.

Distribution.—Subtropical and tropical waters of the
NE Atlantic (Madeira and Cape Verde Is.) and NW
Pacific (Japan).

Calcarostoma calcaratum Schornikov &
Wouters sp. nov.
(Fig. 6; PI. 1, Fig. 5)

Holotype—ZMH K-40462a, b, female, Madeira,
Sample 3.

Paratypes—O.C. 2768a, b; O.C. 2769a, b, 2*m;
Baia das Gatas, S&o Vicente (Cape Verde Is.)

Derivation of name—L. calaratus, spinose.

Description.—Shell comparatively wide-subovate,
weakly inflated; ratio between length, height and
width in female = 26:13:10, in males = 25:12:9.
Anterior margin cut off in upper part, posterior margin
broad and evenly rounded, dorsal margin weakly con-
vex, ventral margin convex in the posterior part and
dlightly concave in atrium area. Length of female
0.52 mm, males 0,48-0,50 mm. Length ratio between
dista podomeres of Al = 16:15:23:6:3; length ratio
between podomeres of endopodite A2 and apical claws
= 13:17:23:5:8:5. Knee seta of P1 equa to second
podomere, one in P2 shorter than 1/3 second podome-
re. Pe with short copulatory process; proximal part of
ductus gjaculatorius unsclerified and looped.
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Remarks.—Type species differs from the second Derivation of name.—A paradoxostomatine genus
known species of the genus, C. denticulatum (Okubo, in honour of G. S. Brady.

1977), in the structure of the shell. Description.—Shell subrhomboidal, with broadly

rounded anterior margin strongly cut off in upper part,

Genus Bradystoma gen. nov. caudal process not large but well-defined, above mid-

height; strongly inflated and thick-walled; female
Type species.—Bradystoma bradyforme sp. nov. dlightly higher and larger than male. Hinge with termi-
here designated. nal teeth. Fused zone narrow and even. Ca. 15 distinct

Ficure 5-Lanceostoma tenerifense sp. nov. Mae, vaves, A2, Mx, P1, Pe, holotype; A1, Md details, P2, P3, Bo, Pe
details, ZMH K-40456; femade RV, ZMH K-40457; Md, Ab, ZMH K-40460b. Scale bars = 0,2 mm (valves &
Bo); 0,05 mm (al others).
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Ficure 6-Calcarostoma calcaratum Schornikov & Wouters sp. nov. Female, valves, Al, A2, P1-P3, Ab, Mx, holotype. Male
A, LV, Pe, P1, Bo, O.C. 2769; B, LV, Md, O.C. 2768. Scale bars = 0,2 mm (valves), 0,05 mm (all others).

marginal pore candls, cands 1-3, 14 and 20 not well
expressed. Fulcra point immediately above anterior mar-
gin of upper adductor muscle scar, frontal Md scar not far
in front and above it, fronta scar of adductors vague.
Vaves yellow or pae-brown, with opague patches; fresh
specimens strongly pigmented, olive- or chestnut-brown,
with indistinct transverse bands. Armature of endopodite

A2 1(0/1)2(0/2)3(.1r./1)4(1c1r?), exopodite 3-jointed.
Md coxa straight or dightly curved, moderately long, wit-
hout dorsal seta; armature of pap: Bp,1,2(.1r1/1)3r(4),
apica podomereindistinctly divided from 2nd podomere.
Mx pap similar to large seta; armature of first, second and
third endites: 2, 5, 6 respectively; first endite large, not
shorter than one-half of second and third endites. Base of
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atriumwards rays moderately short, proximal part scleri-
fied, distal part very short, unsclerified. Armature of basal
podomeres of P1, P2, P3: .1.1c¢/0; .1.1¢/0; 1/0; dorsome-
did seta of basd podomere P1 in femae longer than in
male. Bo biramous, rami rectangular, anterior one compa-
raively long, subdivided in two parts. Furca with rudi-
mentary smooth seta. Ripe eggs housed in the duplicature.
Pewith short, dorsally directed copulatory processus, duc-
tus gaculatorius fully sclerified. Dorsodistal lobe with
bicuspidate dorsoproximal extenson and lamellar exten-
son ventraly; ventrodistal lobe distally directed, very
long and narrow.

Remarks—The new genus differs from other genera of
the subfamily by structure of shell, A2, Md, Mx and by the
presence of ripe eggsin the duplicature.

Composition.—Bradystoma bradyforme sp. nov. and
Bradystoma bradyi (Sars, 1928) nov. comb.

Digtribution.—Temperate and subtropica waters of the
NE Atlantic.

Bradystoma bradyforme sp. nov.
(Fig. 7-8; .. 1, Fig. 6)

Holotype—ZMH K-40463a, b, male; Madeira,
Sample 3.

Paratypes—ZMH K-40464- 40471; MIBM 8725. 1*f,
I*m (Sample 2); 9*f, 11*m (1 pair in copulation),
10*3vA-1, 15*1vA-2, 12*1vA-3, 10*A-4, 4*1vA-5,
1*A-6 (Sample 3); 1*m, 1vA-1 (Sample 4).

Derivation of name—L. From the resemblance of this
speciesto B. bradyi (Sars, 1928).

Description—Shell  subrhomboida, with comparati-
vely weakly convex dorsa and widdly rounded anterior
margin; ratio between length, height and width in female
= 29:16:15, in male = 56:29:26. Length of females 0.58-
0.62 mm, males 0.56-0.58 mm. Length ratio between dis-
tal podomeres of Al = 21:17:33:10:4; length ratio bet-
ween podomeres of endopodite A2 and apical claws =
18:20:22:5:8:4. Knee seta of P1 alittle shorter than the
second podomere. Pe with comparatively small dorso-
proximal extension of dorsodistal lobe and large ven-
trodistal lobe.

Remarks.—The type species differs from the second
known species of the genus, B. bradyi (Sars, 1928), in
the structure of shell and Pe (Fig. 7).

Genus Pontostoma gen. nov.

Type species—Pontostoma paraponticum sp. nov.
here designated.

Derivation of name—L. pons, pontis = bridge +
stoma, belonging to the Paradoxostomatinae.

Description.—Shell lunate, compressed, greatest
height close to mid-length, dorsal margin evenly con-
vex, ventral margin amost straight, anterior and poste-
rior broadly rounded, amost equal, but sometimes more
narrowly rounded posteriorly. Females higher and larger
than males. Hinge without teeth. Fused zone narrow
anteriorly and relatively broad ventrally and posteriorly.
20 marginal pore canas, canals 13 and 14 usually fused.
Fulcral point located immediately above anterior mar-
gin of upper adductor muscle scar, frontal Md scar not
far in front it, frontal scar of adductors vague. Externa
shell surface smooth, but fine tubulae visible meande-
ring inside epicuticle. Valves colourless, males and ins-
tars of fresh specimens with very broad blue-black
transverse band in the middle, femal es sometimes partly
or completely dark inside. Armature of endopodite A2:
1(0/1)2(0/2)3(.1r./1)4(1c), exopodite 3-jointed, proxi-
mal podomere very long, 2nd podomere very short. Md
coxa straight, moderately long, without dorsal seta; palp
long, extending beyond end of coxa, armature of palp:
Bp,1,2(1/1)3r(4); apica podomere distinctly divided
from 2nd podomere. Mx palp similar to medium-sized
seta; armature of first, second and third endites: 2, 5, 6
respectively; first endite medium-sized, second and
third ones long. Proximal part of base of atriumwards
rays very short, sclerified, distal part long or short.
Armature of basa podomeres of P1, P2, P3: .1.1c/0;
.1.1¢/0; /0. Bo biramous, rami rectangular, anterior one
small. Furcain female absent, male with 2 smooth setae.
Pe with moderately long, dorsaly directed copulatory
processus, ductus ejaculatorius fully sclerified.
Dorsodistal process of capsule large, lamellar.
Dorsodistal prehensile process overlapping capsule,
often serrated on outer margin. Dorsodistal |obe lame-
llar, rounded or subtriangular, ventrally curved.
Homologue to ventrodistal lobe not established.

Remarks—The new genus resembles Calcarostoma
gen. nov. in the outline of the shell, but differs strongly
in the absence of a posteroventral spinula and in the
structure of A2, Md and Mx. The new genus partly
corresponds to the arcuatum-group established by
Hartmann (1978), but not all species recorded in that
group are included in the new genus.

Composition.—11 species. Pontostoma arcuatum
(Hartmann, 1964) nov. comb.; Pontostoma atlanticum
p. nov.; Pontostoma honssuense (Schornikov, 1975)
comb. nov. = Paradoxostoma lunatum Okubo, 1977 nov.
syn.; Pontostoma moonga (Behrens, 1991) nov. comb.;
Pontostoma  ornatum (Hartmann, 1954) nov. comb.;
Pontostoma paenearcuatum (Hartmann, 1978) nov.
comb.; Pontostoma paraponticum sp. hov.; Pontostoma
ponticum (Klie, 1942) nov. comb.; Pontostoma pulche
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Ficure 7-Bradystoma bradyforme sp. nov. Female, RV with epidermal colour patches, LV with opague
patches and ripe eggs inside duplicature, ZMH K-40470; male, valves, Pe, Pe detail a, holotype; Pe
details b, ¢, ZMH K-40465b; cop = copulation position, Pe in female (ZMH K-40467), Md, frontal
Md scar and fucral point in male (ZMH K-40468). Bradystoma bradyi (Sars, 1928) from Abereiddy
Bay, S. Wales, PeA. Scale bars = 0,2 mm (valves); 0,1 mm (all others).
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Ficure 8-Bradystoma bradyforme sp. nov. Male, A2, Md,
Mx, P1, P2, Bo, holotype; A1, ZMH K-40465b; female,
P1, P3, Ab, ZMH K-40466b. Scale bars = 0,05 mm.

[lum (Sars, 1866) nov. comb.; Pontostoma striatum
(Mdller, 1894) nov. comb.; Pontostoma pararcuatum
(Hartmann, 1978) nov. comb.

Distribution.—Temperate and subtropical waters of
NE Atlantic, Red Sea, nearshore of Japan and
Australia.

Pontostoma paraponticum sp. nov.
(Fig.9; Pl. 1; Fig. 7)

Holotype—ZMH K-40472a, b, male; Madeira,
Sample 3.

Paratypes—ZMH K-40473- 40477, MIBM 8726.
2*f (Sample 2); 17*1sf, 7*m, 7*A-1, 10*A-2, 4*A-3,
1*A-4 (Sample 3); 9*1sf, 13*m, 9*A-1, 9*A-2, 3*A-
3 (Sample 4).

Derivation of name.—From the resemblance of this
species to P. ponticum (Klie, 1942).

Description.—Shell subovate lunate, compressed; ratio
between length, height and widthinfemale=52:23:12,in
mae = 24:11:5. Anterior and posterior margins very
widely and evenly rounded, dorsa margin weakly con-
vex, ventral one amost straight, dightly concave in
atrium area. Length of females 0.52-0.58 mm, maes
0.48-0.50 mm. Length ratio between distal podomeres of
Al = 20:17:1855; length ratio between podomeres

of endopodite A2 and apical claw = 12:20:19:6:9. Knee
setaof P1 alittlelonger than the second podomere, onein
P2 half as long as second podomere. Pe with comparati-
vely small dorsodistal 1obe with narrowly rounded end.

Remarks.—The new species resembles P. ponticum
(Klie, 1942), but clearly differsin the structure of shell
and Pe.

Pontostoma atlanticum sp. nov.
(Fig. 10; M. 1, Fig. 8)

Holotype—ZMH K-40478a, b, male; Madeira,
Sample 4.

Paratype—ZMH K-40479a, b, female; Madeira,
Sample 4.

Derivation of name.—A reference to the occurrence
of this species in the Atlantic Ocean.

Description.—Shell subovate lunate, compressed;
ratio between the length, height and width in femae =
32:15:10, in male = 29:13:8. Anterior and posterior
margins very widely and evenly rounded, dorsal margin
moderately convex, ventral one amost straight, dightly
concave in atrium area. Length of femae 0.64 mm,
male 0.58 mm. Length ratio between distal podomeres
of Al = 23:18:21:5:4; length ratio between podomeres
of endopodite A2 and apical claw = 11:19:19:5:8. Knee
seta of P1 alittle longer than the second podomere, one
in P2 alittle shorter than half the second podomere. Pe
with large subtriangular dorsodistal 1obe.

Remarks.—The new species resembles P. paraponti-
cum sp. nov., but clearly differsin the structure of shell
and Pe

Genus Triangul ostoma gen. nov.

Type species—Triangulostoma madeirense sp. nov.
here designated.

Derivation of name—Referring to the triangular
shell of this paradoxostomatine genus.

Description.—Shell subtriangular, with greatest
height close to mid-length, dorsum highly arched to
angulate, narrowly rounded anterior and posterior mar-
gins; inflated. Females proportionally higher than
males. Hinge with termina teeth. Fused zone narrow
anteriorly, very broad in isthmus area and posteriorly,
relatively broad or very narrow in posterior part of ven-
tral margin. 19-20 margina pore canals, cana 20
often not well expressed; canal 11 directed anteriorly,
canals 13 and 14 not fused. Fulcral point and frontal
scar of adductors vague, frontal Md scar small, not
far in front and above upper adductor muscle scar.
Valves pale-brown; fresh specimens of males and ins-
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Ficure 9—-Pontostoma paraponticum sp. nov. Mde RV, Al, A2, Md, P1-P3, Bo, Pe, holotype; mae LV, ZMH K-40476a; Mx, Pe
details A, B (different dpc positions on dides), ZMH K-40473b; female LV, ZMH K-40474; Ab with ripe eggs, ZMH K-40475b.
Scae bars= 0,3 mm (vaves); 0,03 mm (A1, A2, Mx, Md); 0,1 mm (all others).
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tars with dark patch in dorsomedial area, females
usually completely dark inside of valve. Armature of
endopodite A2: 1(0/1)2(0/1)3(0/1)4(1c), exopodite 2-
jointed, proximal podomere very long. Md coxa very
short and thick, without dorsal seta; armature of palp:
Bp+1,2(.1.1/1)3r(4); apical podomere distinctly divi-
ded from 2nd podomere. Mx palp absent; armature of
first, second and third endites: 2, 5, 6 respectively; first
endite small, second and third ones long. Base of
atriumwards rays short. Armature of basal podomeres

of P1, P2, P3: .1.1¢/0; .1.1/0; 1/0. Bo biramous, rami
rectangular, anterior one very small. Furca with 1-2?
smooth seta. Pe with moderately short, distally direc-
ted copulatory process fused to ventrodistal lobe; duc-
tus g aculatorius fully sclerified.

Remarks—The new genus is eadly differentiated from
other generaof the subfamily by its subtriangular, inflated
shell, 2-jointed exopodite of A2, structure of Md, Mx,
furca and Pe with copulatory process fused to ven-
trodistal lobe.

Ficure 10-Pontostoma atlanticum sp. nov. Female LV, Ab, ZMH K-40479; all others, holotype. Scale bars= 0,3

mm (valves); 0,1 mm (Ab); 0,04 mm (all others).
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Composition.—Triangul ostoma gibberum (Schor- Holotype—ZMH K-40480a, b, male; Madeira,
nikov, 1975) comb. nov. and Triangulostoma Sample 3.

madeirense sp. nov. Paratypes.—ZMH K-40481- ZMH K-40483;
Distribution.—Subtropical waters of NE Atlantic MIBM 8727. Madeira, 2*f, 2*m (Sample 2);
and NW Pacific (Japan). 22*2vf, 19*1vm, 1*A-1, 1*A-2 (Sample 3);
20*2vf, 15*m, 1*A-1, 2*A-2 (Sample 4).
Triangulostoma madeirense sp. nov. Derivation of name.—For Madeira, where the
(Fig. 11; PI. 1, Fig. 9) type occurs.

Ficure 11-Triangulostoma madeirense sp. nov. Male, RV, P3, Bo, holotype; female, LV, Md, Ab, ZMH K-40482; al others,
male ZMH K-40481b; Scale bars = 0,2 mm (valves); 0,03 mm (all others).
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Description.—Shell subtriangular, dorsal margin
comparatively strongly convex, anterior narrow, poste-
rior margin cut off in lower part; ratio between length,
height and width in female = 19:9:6, in male =
36:17:12. Length of females 0.36-0.38 mm, of males
0.34-0.36 mm. Length ratio between distal podomeres
of Al =16:13:12:4:3; length ratio between podomeres

of endopodite A2 and apical claw = 11:13:13:3:6.
Knee seta of P1 a little shorter than half the second
podomere. Pe without dorsodistal process of capsule.
End of dorsodistal 1obe acuminate.

Remarks.—The type species differs from the second
known species of the genus, T. gibberum (Schornikov,
1975), in details of shell structure and Pe.

3\

&

FiGUrRe 12—Brunneostoma littorale sp. nov. Female, RV, P1, Ab, holotype; male valves, ZMH K-40485; all others, male ZMH
K-40488b; Scale bars= 0,2 mm (valves); 0,03 mm (P2-3); 0,05 mm (P1 & all others).
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Genus Brunneostoma Schornikov, 1993

Type species.—Paradoxostoma brunneum Schor-
nikov, 1974

Brunneostoma littorale sp. nov.
(Fig. 12; M. 1, Fig. 10)

Holotype—ZMH K-40484a, b, female; Tenerife
Island, Sample 1.

Paratypes—ZMH K-40485- 40487. 6*2vf, 4*m
(Sample 1.); ZMH K-40488- 40490; MIBM 8728.
7*1sf, 1*m, 6*A-1, 5*A-2, 2*A-3 (Sample 2); 3*f,
5*m, 2*A-1 (Sample 3).

Derivation of name.—L. Referring to the occurrence
of this speciesin the littoral zone.

Description.—Shell ovate subcuneiform; ratio be-
tween length, height and width in female = 22:12:7, in
male = 20:11:6. Anterior comparatively widely roun-
ded, dorsal margin strongly convex, ventral margin
dlightly concave in atrium area, posterior amost
straight, cut off in lower part. Length of females 0.42-
0.44 mm, of males 0.38-0.40 mm. Length ratio be-
tween distal podomeres of A1 = 18:15:16:8:4; length
ratio between podomeres of endopodite A2 and apical
claw = 15:18:14:4:7. Knee seta of P1 a little shorter
than 2/3 second podomere. Pe with very pointed dor-
sodistal prehensile process, very small dorsodistal lobe
and curved ventrodistal one.

Remarks—The new species resembles B. porloc-
kense (Horne & Whittaker, 1985), but clearly differsin
details of shell structure and Pe.

PLaTE 1-1, Paradoxostoma dispar Fischer, LV female (ZMH K-40438). 2, Paradoxostoma sarniense Brady, LV femae (ZMH
K-40451). 3, Paradoxostoma wirtzi sp. nov., LV (holotype). 4, Lanceostoma tenerifense sp. nov., LV female (ZMH K-
40460). 5, Calcarostoma calcaratum Schornikov & Wouters sp. nov., LV (holotype). 6, Bradystoma bradyforme sp. nov.,
LV femae (ZMH K-40470). 7, Pontostoma paraponticum sp. nov., LV female (ZMH K-40474). 8, Pontostoma atlanticum
sp. nov., LV female (ZMH K-40479). 9, Triangulostoma madeirense sp. nov., LV female (ZMH K-40482). 10,
Brunneostoma littorale sp. nov., LV female (ZMH K-40489). 11, Brunneostoma cuneatum sp. nov., LV femae (ZMH K-

40493).
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Brunneostoma cuneatum sp. nov. Description.—Shell subcuneiform; ratio between

(Fig. 13; PI. 1, Fig. 11) length, height and width in female = 22:11:7, in male =

22:11:6. Anterior margin narrowly rounded, dorsa one

Holotype—ZMH K-40491a, b; male. Madeira, dightly convex, ventra margin amost straight, posterior

Sample 3. very widdly rounded. Length of female and mae 0.44
Paratype—ZMH K-40492a, b; female. Madeira, mm. Length ratio between dista podomeres of Al=
Sample 3. 20:18:16:7:5; length ratio between podomeres of endopo-
Derivation of name—L. cuneus, referring to the dite A2 and apica claw = 16:16:15:5:6. Knee setaof P1 a
wedge-shaped shell. little shorter than 2/3 second podomere. Pe with modera-

FiGUrRe 13-Brunneostoma cuneatum sp. nov. Female RV, ZMH K-40493g; al others, holotype; Scale bars = 0,2 mm (valves);
0,05 mm (&l others).
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tely pointed dorsodistal prehensile process, medium-sized
dorsodistal lobe and straight ventrodistal one.

Remarks—The new species resembles B. littorale sp.
nov., but clearly differsin details of the shell structure and
Pe.
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Abstract

Sixteen species of the genus Cytheropteron from the Laptev Sea L ate Pleistocene, Holocene depo-
sits and Recent surface sediments have been described. Analysis of the literature on this subject and
the collections of O.M.Lev from St. Petersburg, together with our own material from the Laptev Sea,
allowed us to introduce certain changes in the taxonomy of this genus. One species Cytheropteron
laptevensis Stepanova sp. nov. is described as new.

Key words: Ostracoda, Cytheropteron, taxonomy, L ate Pleistocene, Holocene, Recent, Laptev Sea.

Resumen

Se describen dieciséis especies del género Cytheropteron procedentes de sedimentos del
Pleistoceno Superior, Holoceno y del Reciente del mar de Laptev. El andlisis de la literatura referen-
te a este tema, junto con las colecciones del O.M. Lev de San Petersburgo, asi como nuestro material
del mar de Laptev, nos ha permitido introducir algunas modificaciones en la taxonomia de este géne-

ro. Una especie nueva, Cytheropteron laptevensis Stepanova sp. nov., es descrita en este trabgjo.

Palabras clave: Ostracoda, Cytheropteron, taxonomia, Pleistoceno Superior, Holoceno, Reciente,

mar de Laptev.

INTRODUCTION

Various species of the genus Cytheropteron are com-
mon in high latitudina benthic assemblages. There are
certain difficulties in identification of the species belon-
ging to thisgenus, primarily due to high species diversity
and the existence of closely related species with smilar
morphology and, hence, numerous synonyms. Another
problem is that Russian publications on Arctic ostracods
(Lev, 1972, 1983; Schneider, 1962) are not well known
abroad, and collections from the Russian institutions and
museums have never been compared to other collections.

83

Different scientists have described species of genus
Cytheropteron from many regions. North Atlantic
(Whatley & Coles, 1987), Great Britain and Ireland
(Brady, 1868a; Brady et al., 1874; Brady & Norman,
1889; Neale & Howe, 1973; Whatley & Masson, 1979,
Athersuch et al., 1989), Gulf of Alaska (Brouwers,
1994), Northeastern North America (Cronin, 1981,
1989). Lev (1972, 1983) gave descriptions of ostracod
species from the Quaternary marine sediments of the
high-latitude areas of the Arkhangel’sk Region (northe-
astern Russian Plain) and Taimyr Peninsula. We analy-
zed most of the publications dealing with taxonomic
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descriptions of Cytheropteron species. Although we
have not yet had the opportunity to study origina
collections in non-Russian Ingtitutions, we studied in
detail the collections of O.M. Lev stored in
“VNIIOkeangeologiya’, St. Petersburg, Russia. This
allowed us to resolve some controversial taxonomic
problems.

In this paper we describe sixteen ostracod species of
genus Cytheropteron from Late Pleistocene and
Holocene deposits and surface sediments of the Laptev
Sea. Of these one speciesisreferred to as anew species.

MATERIAL

We analyzed specimens of Cytheropteron species
from coretop and downcore sediment samples collec-
ted in the Laptev Sea during several Russian-German
TRANSDRIFT expeditions, mainly, TRANSDRIFT V
in August 1998 (aboard R/V Polarstern). Coretop sam-
ples, the uppermost one centimetre of sediments, were
taken from box and kasten cores. These were obtained
in different parts of the Laptev Sea at 26 stations cove-
ring a water depth range from 11 to 276 m (Fig. 1, see
also Stepanova et al., 2003a).

Fossil ostracods were studied in four sediment
cores, PS-51/135-4, PS-51/138-12, PS-51/080-13, and
PS-51/154-11 from different parts of the Laptev Sea
shelf and continental slope (Fig. 1). All cores were
AMSY“C dated (Bauch et al., 2001). Cores from the
middle eastern Laptev Sea shelf, PS-51/135-4 (water
depth 51 m) and PS-51/138-12 (water depth 45 m),
date back to 11.2 and 11.3 cal. ka, respectively; core
PS-51/080-11 from the inner shelf (water depth 21 m)
—10 6.3 cal. ka; and core PS-51/154-11 from the upper
continental slope of the western Laptev Sea shelf
(water depth 270 m) — to more than 15.7 cal. ka.

All specimens are stored at Moscow State
University, Geological Faculty, Chair of Palaeontology,
collection No. 292/1-287. Electronic photomicrographs
were made at the Palaeontological Ingtitute RAS.

For taxonomic description and comparison, we stu-
died the collections of O.M. Lev stored in the All-
Russian Institute for Geology and Mineral Resources
of the World Ocean (“VNIIOkeangeologiya’, former
NIIGA), St. Petersburg, Russia.

When describing modern and fossil distribution of
species we included our data on Recent and Holocene
ostracods from the Kara Sea (Stepanova et al., 2003b;
Taldenkova et al., 2003), but did not describe any of
them here. Recent ostracods were identified from 30
surface samples obtained in the eastern part of the sea
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from water depths ranging between 10 and 295 metres.
Holocene ostracods originate from core BP-00/07-5,
eastern Kara Sea (water depth 43 m) that dates back to
more than 8 cal. ka (Simstich et al., submitted).

SYSTEMATIC DESCRIPTIONS

We follow the supragenetic taxonomy provided by
Nikolaeva (1989) and the morphological terminology
of Nikolaeva (1989) and Athersuch (1989). Size grou-
pings of Cytheropteron are based on the following
carapace length standard: small: 0.3-0.4 mm; medium:
0.4-0.6 mm; large: > 0.6 mm. We distinguish between
fossil and modern distribution of ostracods. By
modern distribution we mean all ostracods found in
surface sediments, but not necessarily living ones.

Subclass OstrAacoDA Latreille, 1806
Order PobocopriDA Sars, 1866
Family CyTHERURIDAE G. Mliller, 1894
Genus Cytheropteron Sars, 1866

1868 Cytheropteron Sars - Brady, 1868a, p. 447.
1874 Cytheropteron Sars - Brady et al., p. 201.

1880 Cytheropteron Sars - Brady, p. 135.

1928 Cytheropteron Sars, p. 223.

1961 Cytheropteron Sars - Reyment et al., p. 292.
1963 Cytheropteron Sars - Swain, p. 816.

1969 Cytheropteron (Cytheropteron) - Elofson, p. 88.
1979 Cytheropteron Sars- Whatley & Masson, p. 224-225.
1983 Cytheropteron Sars - Lev, p. 116.

1989 Cytheropteron Sars - Nikolaeva et al., p. 133.
1989 Cytheropteron Sars - Athersuch et al., p. 221.

Type species—Cythere latissma Norman, 1864,
Recent, North Atlantic (SD Brady & Norman, 1889).

Diagnosis—Small to medium size. Carapace ovate
to subrhomboidal or triangular in lateral view.
Commonly, it possesses a caudal process upturned
towards dorsal margin and a wing-like lateral process,
or may be tumid ventro-laterally, highly variable mor-
phologically in size and shape. Valves are unequal,
right valve overlaps|eft valve dorsally. Surface smooth,
wrinkled or ornamented: punctate, often reticulate, it
may bear weak ribs, ridges or tubercules. Ala expan-
sion may terminate in a spine. Eye tubercules absent.
Usually four ovate elongated muscle scars forming a
subvertical row in the midlength of valve, right above
ventral margin. Hinge antimerodont: in right valve
with two terminal dentate hinge bars and amedian cre-
nulate groove, |eft valve complementary.
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The genus includes more than 200 species.
Sratigraphical range.—Jurassic - Recent, global dis-
tribution

Cytheropteron arcuatum Brady, Crosskey
and Robertson, 1874
Pl. I, Figs. 1, 2

1874 Cytheropteron arcuatum Brady, Crosskey and
Robertson, p. 203, Pl. VIII, Figs. 16-18; Pl. X1V,
Figs. 19-22.

1889 Cytheropteron arcuatum Brady, Crosskey and
Robertson - Brady & Norman, p. 213, Pl. XX, Figs.
28-30.

1979 Cytheropteron arcuatum Brady, Crosskey and
Robertson - Whatley & Masson, p. 229, Pl. 1, Figs.
1-5.

1980 Cytheropteron arcuatum Brady, Crosskey and
Robertson - Lord, PI. 2, Figs. 13-15.

1981 Cytheropteron arcuatum Brady, Crosskey and
Robertson - Cronin, p. 402, PI. 7, Fig. 1.

1983 Cytheropteron arcuatum Brady, Crosskey and
Robertson - Lev, p. 117, Pl. XI, Fig. 6.

1989 Cytheropteron arcuatum Brady, Crosskey and
Raobertson - Cronin, F. V, Fig. 12.

1996 Cytheropteron arcuatum Brady, Crosskey and
Robertson - Whatley et al., PI. 1, Fig. 16.

1999 Cytheropteron arcuatum Brady, Crosskey and
Robertson - Kupriyanova, Pl. 2, Fig. 10.

2001 Cytheropteron arcuatum Brady, Crosskey and
Robertson - Didié, Pl. 2, Figs. 7-8.

2003 Cytheropteron arcuatum Brady, Crosskey and
Robertson - Stepanovaet al., 2003a, F1. 11, Figs. 13, 14.

Type series—Brady et al., 1874, p. 203, Pl. VIII,
Figs. 16-18; Scotland, Errol; Pleistocene; Pl. XIV,
Figs. 19-22; Scotland, Drylers; Pleistocene.

Description.—Carapace small, subtriangular in lateral
view, with flattened anterior and posterior margins. Dorsal
margin strongly convex, gradualy passing into anterior
margin through the obtuse cardinal angle, and into poste-
rior margin through dight concavity. Ventra margin
straight, dightly concave in anterior third. Anterior mar-
gin arcuately rounded. Posterior margin lower than ante-
rior, caudate, upturned towards dorsa margin. Greatest
length at mid height, greatest height in the center of valve.
Alawith rounded anterior edge and subvertical posterior.
Ala extremity terminates with a spine, a round punctum
occursin the central part of daexpansion. Surfaceispier-
ced by pore canals digned in subvertical rows forming
stream-like pattern. Fine ribs form weskly developed fos-
Sae on anterior and posterior margins.
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Ficure 1-Site locationsin the Laptev Sea.
1 — stations of TRANSDRIFT V expedition; underlined
are sediment cores used in this study; 2 — stations of the
previous TRANSDRIFT expeditions (1-1K93, 11-PM94,
I11-KD95).

Measurements, mm.—

L H
MSU292/77 0.29 0.2
MSU292/78 0.35 0.21
MSU292/79 0.28 0.18

* L - maximum length; H — maximum height.

Comparison.—Cytheropteron arcuatum differs from
C. foresteri Brouwers, 1994 from the Pleistocene-
Holocene deposits of the Gulf of Alaska (Brouwers,
1994, Pis. 24-25, PI. 17, Figs. 13-18, PI. 18, Figs. 2, 3,
6, PI. 19, Figs. 1-4, Pl. 20, Figs. 10, 11, 22, 23) in more
convex dorsal margin, presence of fine ribs on poste-
rior and anterior margins, and smaller pore puncta.

Variability.—Carapaces may differ in height. Weak
ornamentation of the margins varies from fine ribs to
almost smooth surface.

Fossil distribution.—Neogene through Quaternary
marine sediments: Lower Severnaya Dvina River,
Novaya Zemlya, Lower Pechora River, Lower Ob
River, Lower Yenisa River; Pleistocene: Scotland,
Ireland, Norway, North Sea, Laptev Sea, Champlain
Sea, coastal Maine, Boston “blue clay”, western
Goldthwait Sea (Quebec); Holocene: eastern Kara Sea,
Laptev Sea (Fig. 2).

Modern distribution.— Greenland Sea, Barents Sea,
Kara Sea, Laptev Sea, East-Siberian Sea, Beaufort
Sea, Canadian Arctic, Baffin Sea (Fig. 2).
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Description.—Carapace small, fragile, subtriangu-

. Sea R lar in lateral view. Dorsal margin slightly arched, gra-
¥ Okhotsk e dually beveled towards anterior and posterior mar-
e —— gins. Ventra margin straight, slightly concave in
Bering, " o anterior third. Anterior margin flattened, arcuate and
FSey Y N vl tangam“;{«e‘ evenly rounded. Posterior margin also flattened, cau-
T Ea“ﬁ;”a “L’;m'e i 40\%« & date, upturned towards dorsal margin. Caudal process
CuiF or ALASKA PR r;'Qea R convex in postero-dorsal part and straight or slightly
Alaska” L Qz‘e*;f, Cm W ‘@:ﬁ@" concave in postero-ventral part. Greatest length at
i H\:b North 'Barents \'\i,@“ & mid height, greatest height in the center of valve. Ala
" T __':'e £ i with rounded anterior edge and subvertical posterior.
S s L S Srr i, Two round puncta occur at the base of ala expansion
IS S D orweg.a'.; A closetoits edges. Lateral valve surface bearstwo fine
owra e SHO SeaNor:Sea ot loop-like ribs. The first one stretches in a broad arc
b S SR Mm% from the mid-dorsal point through lateral surface and
0 O AL Ea ends at the base of anterior edge of ala. The second
T e RAV“t ‘ rib forms a loop convex upwards, its endings reach
W= | ocean anterior and posterior edges of ala. This rib nearly
touches dorsal margin. Distinct fine rib is developed
along anterior edge of ala, the second fine rib, less
I = 2o distinct, extends along its posterior edge. Lateral
valve surface between ribs is smooth. Several weak
FiGURE 2-Distribution of Cytheropteron arcuatum. subvertical stream-like ribs occur on posterior mar-
1 —fossil distribution; 2 —modern distribution. gin.
ey .
Material —Eighty-four valves and 32 carapaces from , Oskehao ofve  NF
Late Pleistocene through Holocene deposits of the S B Y
Laptev Sea. NN KT RussIA
/. Bering ; * Q‘_\“e’ 5
Cytheropteron biconvexa Whatley and Masson, 1979 iR NG A\ SRV
Pl. |’ Fi gs. 3, 4 f~ ._:!_ :_ ¥ Eﬁs’i‘:lber.an Lapte\g(hataﬂg e\@‘qe‘ -
3 ™ ea, TYSE *eo‘gv%‘ &
- 1 L, O PO
1979 Cytheropteron biconvexa Whatley & Masson, ﬁ;;';f;DALAsKA NN & g
1979, p. 229, PI. 3, Figs. 5, 10, 14-16, 18-20. [ meautore | Ocean Ba:n: T oa%e
1980 Cytheropteron sp. A - Lord, PI. 2, Figs. 20-22. _ aj"i e hoph e Sea! s 0
1989 Cytheropteron biconvexa Whatley & Masson _‘--';J*r’,;_.-,-;é,:_"_,,._“ P i‘" %
- Cronin, Pl. V, Figs. 5-6. E O 2 2 L WL RN -
1993 Cytheropteron biconvexa Whatley & Masson t A N Dsear, "y HIY
- Lord et al., Pl. 3, Fig. 4. CANADA . Bgln, AT
1999 Cytheropteron biconvexa Whatley & Masson 'Hi;dsgifi', Lo £ 'is"ﬁrﬁ 'd
- Kupriyanova, Pl. 2, Fig. 5. N B ; 4
2003 Cytheropteron biconvexa Whatley & Masson Z : "—"—_V; L%
- Stepanova et al., 20033, PI. 1, Figs. 7, 8. e e M antic
@Z_f_‘i_q_qean/"

Holotype—Micropaaeontology Collections stored in
the Palaeontol ogy Department, Nationa History Museum, | m O
London, OS 10800; adult left valve, borehole, Forties
Field, North Sea, Lat. 57°43 54.5”N, Long. 00°58' 25.5"E.  Ficure 3-Distribution of Cytheropteron biconvexa.
Type level —5 m depth in borehole; Pleistocene. Seekey Fig. 2.
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Ficure 4-Distribution of Cytheropteron champlainum.
See key Fig. 2.

Measurements, mm.—

L H
MSU292/76 0.4 0.23
MSU292/262 0.36 0.22

Comparison.—Cytheropteron biconvexa differs
from C. inornatum Brady and Robertson, 1872 in the
number of fine ribs on the lateral surface (two against
three, fine ribs on the ala edges are not considered) and
their pattern.

Variability.—Carapaces differ dlightly in height in
the center due to variations in convexity of the dorsal
margin. Also, the height of the posterior margin varies
dlightly.

Remarks.—Specimens of this species from the
Quaternary deposits of the western Russian Arctic are
stored in VNIIOkeangeologia (St. Petersburg), collection
of O.M. Lev. She did not identify them to specieslevd.

Fossil distribution.—Pleistocene: North Sea,
Northern Ireland, Norway, Goldthwait Sea (Quebec);
Pleistocene-Holocene: Pechora Sea, Laptev Sea;
Holocene of the eastern Kara Sea (Fig. 3).

Modern distribution.—Western Laptev Sea, Gulf of
Alaska, Beaufort Sea, Canadian Arctic, Greenland Sea

(Fig. 3).

Material —Five valves and 4 carapaces from Late
Pleistocene through Holocene deposits and from
Recent surface sediments of the Laptev Sea.

Cytheropteron champlainum Cronin, 1981
M. 1, Figs. 5,6

1981 Cytheropteron champlainum Cronin, 1981,
p. 404, PI. 8, Figs. 7, 8.

1987 Cytheropteron champlainum Cronin - Cronin &
Ikeya, p. 84, PI. 3, Figs. 3, 6.

1989 Cytheropteron champlainum Cronin, PI. IV, Fig. 7.

1994 Cytheropteron champlainum Cronin - Brouwers,
p. 17, Pl. 17, Figs. 1-6.

1994 Cytheropteron tarrensis Brouwers, p. 36, Pl. 21,
Fig. 1; M. 22, Figs. 4-10, 25.

2003 Cytheropteron champlainum Cronin - Stepanova
et al., 2003a, PI. 11, Fig. 2.

Holotype—U.S. National Museum (USNM),
Department of Palaeobiology, USNM311142; femae
right valve; Canada, Ontario, north end of gravel pit,
west side of road, 5.6 km N of Kars, Ontario, Canada;
Pleistocene.

seaof = - _
% Okhotsk - -

@1@( RUSSIA
n R\\leqe‘

1 X t .

g £ East Slber K2 & &

B e Sea, L Bgte"m RO

L ) '-" 3 g e

'
Gulf of . Jli(ara Sea &°
| Alaska ‘rALASKA Arctic -l

1 Beaufort; Ocean
o

. Bering;,
¢ “Sea g (‘"’

= Sea North |

Pole 5'.‘-

GQenIand :
&S ﬁorwegmq WY £
ea “"‘ Sea i‘r
g North

§ea ‘{L.

CANADA _

ot gafﬂn

; Hudson :‘.': § g =
F L 13 = T

Bay™ Y - H

a
\\'a ‘/St Lx
<z

wrencé RN
Atlantic
Ocean

1 m 20 3 X

Ficure 5-Distribution of Cytheropteron dimlingtonensis.
1 —fossil distribution; 2 — modern distribution; 3 — proba-
ble fossil distribution.



88 REVISTA ESPANOLA DE MICROPALEONTOLOGIA, V. 36, N.° 1, 2004

Description.—Carapace medium sized. Trapeziform
in lateral view. Dorsal margin arcuately convex, gra-
dualy beveled towards anterior and posterior margins.
Ventral margin straight, slightly concave in anterior
third. Anterior margin arcuate and evenly rounded.
Posterior margin lower than anterior, caudate, flatte-
ned, upturned towards dorsal margin. Greatest length
at mid height, greatest height in the center of valve.
Broad wing-like process with rounded edge overhangs
ventral margin. Ala is subdivided by depression of
dightly variable size. Valve surface with subvertical
rows of puncta and fossae, or only fossae. Fine rib
along ala edge extends from the lower section of ante-
rior part of valve and merges with fossae muri at the
posterior part of valve. Fine rib equal in length to dor-
sal margin runs slightly below and parallel to it. Below
ala process, severa fine ribs paralle to ventral margin
stretch from anterior part of valve and eventually
merge with fossae muri at posterior part of valve. The
whole valve surface, besides fossae muri, is pierced by
pore canals.

Sexual dimorphism.—Cronin (1981) pointed to
strong sexual dimorphism: male carapace is higher
and shorter. Our specimens demonstrate a similar
pattern.
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Ficure 6-Distribution of Cytheropteron discoveria.
See key Fig. 2.

PLaTE 1-1, 2, Cytheropteron arcuatum Brady, Crosskey and Robertson, 1874; 1, left valve, external view, MSU292/77, x140; 2,

left valve, external view, MSU292/78, x97; recent surface sediments of the western-central Laptev Sea. 3, 4, Cytheropteron
biconvexa Whatley and Masson, 1979; 3, left valve, external view, MSU292/76, x100; 4, right valve, external view,
MSU292/262, x130; recent surface sediments of the western-central Laptev Sea. 5, 6, Cytheropteron champlainum Cronin,
1981; 5, right valve, external view, MSU292/59, x86; 6, left valve, externa view, MSU292/263, x80; recent surface sedi-
ments of the western-central Laptev Sea. 7, 8, Cytheropteron dimlingtonensis Neale and Howe, 1973; 7, right valve, external
view, MSU292/277, x90; 8, right valve, external view, MSU292/279, x80; late Pleistocene of the western Laptev Sea. 9, 10,
Cytheropteron discoveria, Brouwers 1994; 9, left valve, external view, MSU292/270, x100; 10, left valve, external view,
MSU292/271, x115; Holocene of the western Laptev Sea. 11, 12, Cytheropteron elaeni Cronin, 1989; 11, left valve, external
view, MSU292/268, x115; 12, right valve, external view, MSU292/282, x110; recent surface sediments of the eastern
Laptev Sea. 13, 14, Cytheropteron inflatum Brady, Crosskey and Robertson, 1874; 13, left valve, external view,
MSU292/71, x70; 14, right valve, external view, MSU292/281, x130; recent surface sediments of the western-central
Laptev Sea. 15, 16, Cytheropteron montrosiense Brady, Crosskey and Robertson, 1874; 15, right valve, external view,
MSU292/180, x94; 16, left valve, external view, MSU292/266, x90; recent surface sediments of the southern Laptev Sea.
17, 18, Cytheropteron nodosoalatum Neale and Howe, 1973; 17, right valve, externa view, MSU292/213, x87; recent surfa-
ce sediments of the southern Laptev Sea; 18, right valve, external view, MSU292/81, x90; recent surface sediments of the
western-central Laptev Sea. 19-21, Cytheropteron porterae Whatley and Coles, 1987; 19, right valve, external view,
MSU292/61, x87; 20, right valve, externa view, MSU292/74, x70; 21, |eft valve fragment, externa view, MSU292/283,

x100; recent surface sediments of the western-central Laptev Sea.
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Measurements, mm.—

L H
MSU292/59 0.53 0.3
MSU292/260 041 0.23
MSU292/263 0.57 031

Variability.—Ornamentation is highly variable ran-
ging from small puncta (0.01 mm) to fossae (0.016
mm).

Comparison.—Cytheropteron champlainum differs
from C. dimlingtonensis Neale and Howe, 1973, in
ornamentation: C. champlainum carapace has both
puncta and fossae, while C. dilmingtonensis — only
fossae densely punctate inside.

Remarks.—Close examination of the published illus-
trations of C. dimlingtonensis Neale and Howe, 1973,
C. champlainum Cronin, 1981 and C. tarrensis
Brouwers, 1994 alowed us to include them in one
group of species, since they have nearly identical
shape and dimensions. Surface ornamentation within
this group varies markedly, from small puncta to fos-
sae. Cytheropteron tarrensis has the smoothest surface
with puncta grading into elongated fossae towards pos-
terior margin. The ornament of C. champlainum is
identical but more distinct than that of C. tarrensis,
therefore, we consider these species to be synonyms.
Moreover, C. dimlingtonensis has solely reticul ate sur-
face sculpture (PI. I, Figs. 7, 8).

Fossil distribution.—Plio-Pleistocene of Japan;
Pleistocene of the Gulf of Alaska, Champlain Sea,
Goldthwait Sea, Western Newfoundland, coastal
Maine, Massachusetts and Nova Scotia (Fig. 4).

Modern distribution.— Barents Sea, western Laptev
Sea, Beaufort Sea, Canadian Arctic, Baffin Sea(Fig. 4).

Material. —Twelve valves from Late Pleistocene and
Holocene deposits and recent surface sediments of the
Laptev Sea

Cytheropteron dimlingtonensis Neale and Howe,
1973
Pl. 1, Figs. 7,8

1961 Cytheropteron cf. pyramidale Brady - Swain,
Fig. 2, N28.

1963 Cytheropteron pyramidale Brady - Swain,
p. 816, PI. 97, Fig. 19, PI. 98, Fig. 9.

1973 Cytheropteron dimlingtonensis Neale & Howe,
p. 242, Pl. 1, Figs. 3, 5.

1978 Cytheropteron dimlingtonensis Neale & Howe
- Robinson, PI. 2, Fig. 4.
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Ficure 7-Distribution of Cytheropteron elaeni.
Seekey Fig. 2.

1979 Cytheropteron dimlingtonensis Neale & Howe
- Whatley & Masson, p. 232, Pl. 6, Figs. 11, 13-16.

1999 Cytheropteron champlainum Cronin - Kupri-
yanova, Pl. 2, Fig. 2.

Holotype—University of Hull; HU.50.Q.1.9.; left
valve; England, Yorkshire, Dimlington; Pleistocene.

Description.—Carapace medium sized. Trapeziform
in lateral view. Dorsal margin arcuately convex, gra-
dually beveled towards anterior and posterior margins.
Ventral margin straight, slightly concave in anterior
third. Anterior margin arcuate and evenly rounded.
Posterior margin lower than anterior, caudate, flatte-
ned, upturned towards dorsal margin. Greatest length
at mid height, greatest height in the center of valve.
Broad wing-like process with rounded edge overhangs
ventral margin. Alais subdivided by rounded depres-
sion (about 0.03 x 0.02 mm). Valve surface with dis-
tinct subvertical rows of fossae. Finerib along alaedge
extends from the lower section of anterior part of valve
and merges with fossae muri at the posterior part of
valve. Fine rib equal in length to dorsal margin runs
dlightly below and parallel toit. Below the ala process,
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severa fineribs parallel to ventral margin stretch from
anterior part of valve and eventually merge with fossae
muri at posterior part of valve. The whole valve surfa-
ce, besides fossae muri, is densely punctate.

Measurements, mm.—

L H
MSU292/229 0.4 0.21
MSU292/235 0.44 0.25
MSU292/277 0.51 0.34
MSU292/279 0.58 0.37

Variability.—The degree of reticulation is dightly
variable. Shape of fossae varies from elongated to
more rounded. Some carapaces are higher and shorter
with more convex dorsal margin, possibly due to
sexual dimorphism (published photomicrographs are
not separated into sexes).

Comparison.—Comparison with Cytheropteron
champlainum Cronin, 1981 is given above (see des-
cription of C. champlainum).

Cytheropteron dimlingtonensis differs from C.
latissimum (Norman, 1864) from the Pleistocene depo-
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Ficure 8-Distribution of Cytheropteron inflatum.
Seekey Fig. 2.

sits of the North Sea (Whatley & Masson, 1979, pp.
225-227, Pl. 6, Figs. 7, 9, 12) by the presence of more
distinct subvertical rows of puncta, more convex dor-
sal margin, and more evenly rounded ala edge.

Remarks.—Ostracods identified as Cytheropteron
subcircinatum Sars 1866, (Lev, 1983, pp. 119-120, PI.
XVI, Figs. 1-2) from Pleistocene — Holocene deposits
of the Lower Severnaya Dvinaand Mezen' Rivers, and
Kola Peninsula could be probably referred to C. dim-
lingtonensis. However, since descriptions of these spe-
cimens are not given in the publication of Lev (1983),
we can not be absolutely sure that these species are
synonyms. Therefore, we did not include C. subcirci-
natum sensu Lev (1983) in the list of synonyms.

We consider that the specimens attributed by
Kupriyanova (1999) to C. champlainum (Kupriyanova,
1999, FI. 2, Fig. 2) should be referred to as C. dimling-
tonensis, since these specimens bear only reticulate
ornament.

Fossil distribution.—Pleistocene: Great Britain;
Pleistocene-Holocene of the Laptev Sea, Denmark,
Pechora Sea; Pleistocene of northern Alaska (Gubik
Formation); Probably, Pleistocene - Holocene: Lower
Severnaya Dvina and Mezen' Rivers, Kola Peninsulg;
Holocene of the eastern Kara Sea (Fig. 5).

Modern distribution.—Laptev Sea, Spitsbergen
coast (Fig. 5).

Material. —Sixteen valves from Late Pleistocene
and Holocene deposits and Recent surface sediments
of the Laptev Sea.

Cytheropteron discoveria Brouwers, 1994
M., Figs. 9, 10

1994 Cytheropteron discoveria Brouwers, p. 20, Pl.
11, Fig. 5, PI. 13, Figs. 1-6, 9.

2003 Cytheropteron inornatum Brady & Robertson -
Stepanova et al., 2003a, PI. 11, Fig. 9.

Holotype—U.S. National Museum (USNM);
USNM 408516; left valve, Gulf of Alaska, locality
DC2-80-EG-195; Pleistocene-Holocene (original
information about age is not exact).

Description.—Carapace small, thin-shelled, sub-
triangular in lateral view. Dorsal margin strongly and
arcuately convex, gradually beveled towards anterior
margin, and passes into posterior margin through
dlight concavity. Ventral margin straight, slightly con-
cave in anterior third. Anterior margin flattened and
evenly rounded. Posterior margin also flattened, cau-
date. Caudal process convex in postero-dorsal part
and dlightly concave in postero-ventral part. Greatest
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length at mid height, greatest height in the center of
valve. Ala with straight anterior edge and subvertical
posterior one. Protruding part of ala densely punctate
with very small puncta, largest puncta occur rarely at
its base and on lateral valve surface above it. Part of
alawith small puncta and with larger ones divided by
biconvex rib. Very small puncta occur on posterior
and anterior parts of valve; punctate area endsin front
of dorsal margin. Lateral surface bears four fine ribs.
One short rib extends parallel to postero-dorsal mar-
gin just below its concavity. Another short one occurs
below anterior hinge edge subparallel to dorsal mar-
gin. A third rib extends upwards from ala extremity
with minor inclination towards posterior margin and
meets the first rib. The fourth rib extends from the ala
extremity along the leading ala edge towards the ante-
rior margin and ends just short of anterior margin.
Several fine ribs occur on the posterior end parallel to
postero-ventral margin. They originate at posterior
side of aa and disappear short of caudal process
extremity. These ribs partly merge forming elongated
fossae. Carapace in posterior and anterior partsis den-
sely punctate.
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Ficure 9-Distribution of Cytheropteron montrosiense.
See key Fig. 2.
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Measurements, mm.—

L H
MSU292/270 0.44 0.22
MSU292/271 0.42 0.19
MSU292/84 04 0.22

Variability.—Some carapaces are considerably less
punctate than others (Stepanova et al., 2003a, M. |1,
Fig. 9).

Comparison.—Cytheropteron discoveria Brouwers,
1994 differs from C. inornatum Brady and Robertson,
1872 from Recent sediments from waters around
Scotland (Whatley & Masson, 1979, p. 238, . 3,
Figs. 1-3, 5-7) in having a punctate surface, in the
number of fine ribs on the lateral surface (four against
three) and in their pattern.

Remarks.—In Stepanovaet al. (2003a) C. discoveria
was mistakenly referred to as C. inornatum due to the
poor material (two valves) on this species from the
western Laptev Sea. Later we obtained more speci-
mens from the Holocene deposits of the western
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Ficure 10-Distribution of Cytheropteron nodosoalatum.
Seekey Fig. 2.
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Laptev Sea which revealed a pronounced difference
between these two species.

Fossil distribution.—Pleistocene-Holocene: Gulf of
Alaska, Cook Inlet and Kodiak shelf, Pribilof I1slands,
western Laptev Sea (Fig. 6).

Modern distribution.—Gulf of Alaska, western
Laptev Sea (Fig. 6).

Material . —Fourteen valves from L ate Pleistocene to
Holocene deposits of the western Laptev Sea and
Recent surface sediment of the same area.

Cytheropteron elaeni Cronin, 1989
Pl. I, Figs. 11, 12

1975 Cytheropteron sp. nov.? - Neale & Howe, Pl. 6,
Fig. 5.

1981 Cytheropteron nealei Cronin, p. 406, Pl. 7,
Fig. 7.

1983 Cytheropteron paralatisssmum Swain - Lev,
p. 120, M. XVI, Fig. 15.

1989 Cytheropteron elaeni Cronin, PI. V, Fig. 8.

1994 Cytheropteron elaeni Cronin - Brouwers, p. 23,
Pl. 22, Figs. 11-13.

1999 Cytheropteron paralatissimum Swain -
Kupriyanova, PI. 2, Fig. 9.

1999 Cytheropteron bronwynae Joy & Clark - Didié et
al., Pl. 1, Fig. 14.

2003 Cytheropteron elaeni Cronin - Stepanova et al.,
20033, M. 1, Fig. 14.

Holotype—U.S. National Museum (USNM),
Department of Paleobiology, USNM311151; female
right valve?, Canada, Quebec, exposures on east side
of Quebec Route 221, 7.2 km S of St. Remi;
Pleistocene.

Description.—Carapace small, subtriangular in late-
ral view, with flattened anterior and posterior margins.
Dorsal margin arcuate, strongly convex, slightly con-
cave in front of posterior margin, passes into anterior
margin through slight ledge. Ventral margin straight,
dlightly concave in anterior third. Anterior margin
arcuately rounded. Posterior margin lower than ante-
rior, subtriangular. Greatest length at lower third, gre-
atest height in front third of valve. Ala with straight
anterior edge and subvertical posterior. Along ala base
a row of four fossae, each contains a punctum.
Anterior part of valve with fine ribs parallel to anterior
margin. On posterior part of valve, above posterior ala
edge, three fine subvertical ribs slightly curved
towards anterior margin. At hinge edges some ribs

s ———————

2 O

Ficure 11-Distribution of Cytheropteron perlaria. See key Fig. 2.
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merge forming two elongated nodes. Valves pierced
by pore canals, pore puncta arranged in subvertical
rows.

Measurements, mm.—

L H
MSU292/268 0.36 0.22
MSU292/282 0.39 0.25
MSU292/47 0.41 0.22

Variability.—Ornament of specimensishighly varia-
ble. Compared to our exemplars, specimens shown in
most published micrographs possess more pronounced
ribs on anterior part of valve and above posterior aa
edge. Therefore, when these ribs merge, nodes they
form on dorsal side are considerably bigger.

Comparison.—Cytheropteron elaeni differs from C.
nodosum Brady, 1868 from surface sediments of the
seas around Great Britain and Ireland (Brady, 1868a,
pp. 448-449, Pl. XXXV, Figs. 31-34) in the absence of
pronounced reticulation and presence of smaller nodes
on dorsal side.
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Seekey Fig. 5.
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Remarks.—Cronin  (1981) described species
Cytheropteron nealei Cronin, 1981. Later this name
was considered to be non-valid, being twice used ear-
lier by other authors (“Cytheropteron” nealei Jarn,
1975, and Cytheropteron? nealei Joy and Clark, 1977),
consequently Cronin (1989) gave this species a new
name Cytheropteron elaeni Cronin, 1989.

The specimen from the Iceland Sea identified by
Didiéet al. (1999) as Cytheropteron bronwynae (Didié et
al., 1999, M. I, Fig. 14) we would refer to as C. elaeni.

Fossil distribution.—Neogene-Quaternary: Novaya
Zemlya; Pleistocene: Kola Peninsula, Lower
Severnaya Dvina River, Lower Pechora River, Taimyr
Peninsula, Gulf of Alaska, Bering Sea, Beaufort Sea,
Champlain Sea, Goldthwait Sea (Quebec); Holocene:
Laptev Sea, eastern Kara Sea (Fig. 7).

Modern distribution.— Greenland Sea, Iceland Sea,
Norwegian Sea, White Sea, Barents Sea, Kara Sea, eas-
tern Laptev Sea, Chukchi Sea, Canadian Arctic,
Beaufort Sea, Hudson Bay, Labrador Sea (Fig. 7).

Material.—One hundred thirty-seven valves, 20 cara-
paces and 25 juvenile valves from the Holocene depo-
sits and Recent surface sediments of the Laptev Sea.

Cytheropteron inflatum Brady, Crosskey
and Robertson, 1874
M. 1, Figs. 13, 14

1868 Cytheropteron inflatum Brady, Crosskey and
Robertson - Brady, 1868b, PI. V, Figs. 8-10 (nomen
nudum).

1874 Cytheropteron inflatum Brady, Crosskey and
Robertson, p. 204, Pl. VIII, Figs. 24-27, Pl. X1V,
Figs. 26-29.

1889 Cytheropteron inflatum Brady, Crosskey and
Robertson - Brady & Norman, p. 209, PI. XX, Figs.
19-21.

1928 Cytheropteron inflatum Brady, Crosskey and
Robertson - Sars, p. 231, PI. CVI, Fig. 2.

1962 Cytheropteron testudo Sars - Woszidlo, Pl. 5,
Fig. 15.

1979 Cytheropteron inflatum Brady, Crosskey and
Robertson - Whatley & Masson, p. 237, PI. 8, Figs.
8, 13-16.

1981 Cytheropteron inflatum Brady, Crosskey and
Raobertson - Cronin, p. 404, Pl. 2, Figs. 3-4.

1983 Cytheropteron inflatum Brady, Crosskey and
Robertson - Lev, p. 118, Pl. XV, Figs. 7-8.

1989 Cytheropteron inflatum Brady, Crosskey and
Robertson - Cronin, PI. V, Fig. 11.

1996 Cytheropteron inflatum Brady, Crosskey and
Robertson - Whatley et al., Pl. 2, Figs. 1-2.
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1998 Cytheropteron inflatum Brady, Crosskey and
Robertson - Whatley et al., Pl. 1, Figs. 20, 21.

2003 Cytheropteron inflatum Brady, Crosskey and
Robertson - Stepanova et al., 2003a, . 11, Fig. 1.

Type series—Brady et al, 1874, p. 204, Pl. VIII,
Figs. 24-27; Scotland, Errol; Pleistocene; Pl. X1V,
Figs. 26-29; Scotland, Drylers; Pleistocene.

Description.—Carapace medium, subtriangular in
lateral view, with flattened anterior and posterior mar-
gins. Dorsal margin arcuately convex, gradualy beve-
led towards anterior and posterior margins. Ventral mar-
gin straight, dightly concave in anterior third. Anterior
margin arcuately rounded. Posterior margin lower than
anterior, subtriangular. Greatest length at mid-height,
greatest height in the center of valve. Strongly inflated
lateral expansion above ventral margin. Severa fineribs
follow its outline and form weakly developed fossae on
posterior margin of valve. Valve surface bears numerous
sporadically distributed puncta with pore canals.

Measurements, mm.—

L H
MSU292/71 0.55 0.25
MSU292/119 0.36 0.21
MSU292/73 0.37 0.18
MSU292/281 0.33 0.22

Variability.—Ornamentation is slightly variable.
Some specimens of C. inflatum given in publications
differ from our exemplars in occurrence of fine ribs
not only on ventral, anterior and posterior margins, but
on the whole valve surface where they form weakly
developed fossae.

Comparison.—Cytheropteron inflatum differs from
C. walli Whatley and Masson, 1979 from Pleistocene
through Recent sediments of Great Britain (Whatley &
Masson, 1979, p. 256, PI. 8, Figs. 1, 3-6) in absence of
distinct reticulation, more inflated carapace, and less
defined lateral expansion.

Compared to Cytheropteron testudo Sars, 1869
(Sars, 1928, p. 230, Pl. CVI, Fig. 1), C. inflatum has a
more laterally inflated carapace, less abundant pore
puncta, and no wing-like process.

Remarks.—In Brady (1868b) only illustrations of
Cytheropteron inflatum are given. Thefirst description
of this species was published in 1874. That is why this
year is considered as the year of its attribution.

In the publication devoted to the Pleistocene ostra-
cods of Germany, Woszidlo (1962) identified species
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Ficure 13-Distribution of Cytheropteron pseudomontrosiense.
Seekey Fig. 2.

Cytheropteron testudo (Woszidlo, 1962, PI. 5, Fig. 15),
which we consider to be Cytheropteron inflatum (see
aso remarks in Whatley & Masson, 1979).

Fossil distribution.—Quaternary: Cheshskaya Bay
coast, Lower Severnaya Dvina River, Lower Pechora
River, Novaya Zemlya, Lower Yenisai River, Taimyr
Peninsula, North Sea; Pleistocene: Scotland, Northern
Germany (Schleswig-Holstein), Denmark, Champlain
Sea, Goldthwait Sea (Quebec), Monrea (Canada);
Holocene of the Laptev Sea (Fig. 8).

Modern distribution.—North Atlantic, Greenland
Sea, Norwegian Sea, Great Britain coast, Barents Sea,
Spitsbergen coast, Kara Sea, western Laptev Sea,
Beaufort Sea, Canadian Arctic, Baffin Sea, Hudson
Bay (Fig. 8).

Material.—Twenty-six valves from Holocene depo-
sits and Recent surface sediments of the Laptev Sea.

Cytheropteron montrosiense Brady, Crosskey
and Robertson, 1874
M. 1, Figs. 15, 16

1868 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Brady, 1868b, Pl. 5, Figs. 1-3 (not
Pl. 5, Figs. 4-5) (nomen nudum).
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1874 Cytheropteron montrosiense Brady, Crosskey
and Robertson, p. 205, PI. 8, Figs. 28-32 (not Pl. 8
Figs. 33-36, PI. 14, Figs. 13-16).

1962 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Woszidlo, PI. 5, Fig. 13.

1972 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Lev, PI. 1, Figs. 18-19.

1978 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Robinson, Pl. 6, Fig. 5a (not 5b).
1979 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Whatley & Masson, p. 240, PI. 2,

Figs. 1-4, 6.

1983 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Lev, p. 117, Pl. XV, Fig. 4, Pl. X VI,
Figs. 8-9.

1986 Cytheropteron montrosiense Brady, Crosskey
and Robertson - McDougall et al., PI. 12, Figs. 3, 5
(not PI. 12, Figs. 1, 2, 4, 6, 7).

1989 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Cronin, PI. V, Fig. 2.

1993 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Lord et al., Pl. 3, Figs. 1-2.
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Ficure 14-Distribution of Cytheropteron sulense.
Seekey Fig. 2.

1996 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Whatley et al., Pl. 2, Figs. 3-4.
1999 Cytheropteron montrosiense Brady, Crosskey

and Robertson - Kupriyanova, Pl. 2, Fig. 3.
2003 Cytheropteron montrosiense Brady, Crosskey and
Robertson - Stepanova et al., 2003a, Pl. |, Fig. 15.

Type material.—Type specimens are stored in the
Hancock Museum in Newcastle, type locality —
Scotland, Drylers, Montrose; Pleistocene.

Description.—Carapace medium, subrhomboidal in
lateral view, with flattened anterior and posterior mar-
gins. Dorsal margin straight, gradually passing into ante-
rior margin through obtuse cardina angle, and into pos-
terior margin through dight concavity. Ventral margin
straight, dightly concave in anterior third. Anterior mar-
gin arcuately rounded. Posterior margin lower than ante-
rior, caudate, dightly upturned towards dorsal margin.
Greatest length at mid height, greatest height in center of
valve. Vaves differ in outline: right valves with more
convex dorsal margin. Caudal process dightly convex in
postero-dorsal part in left valves, and concave in right
valves. Lateraly inflated expansion above ventral mar-
gin, with extremity shaped as a massive spine in poste-
rior third of valve. Surface reticulate: subvertically elon-
gated fossae at anterior and posterior margins, and
rounded ones in central part.

Measurements, mm.—

L H
MSU292/130 0.34 0.18
MSU292/180 0.51 0.25
MSU292/266 0.47 0.24

Variability—Reticulation dightly variesin its degree,
possibly due to preservation.

Comparison.—Cytheropteron montrosiense differs
from C. sulense Lev, 1972 in presence of massive spine
on lateral expansion.

Remarks—In Brady (1868b) only illustrations of
Cytheropteron montrosiense are given. The first des-
cription of this species was published in 1874 that is
why thisyear is considered as the year of its attribution.

Fossil distribution.—Neogene-Quaternary marine
deposits. Lower Izhma river, Lower Severnaya Dvina
River, Vaigach Idand, Novaya Zemlya, Lower Ob
River, Lower Yenisei River; Quaternary: North Sea,
Pechora Sea; Pleistocene: Ireland, Scotland, Northern
Germany (Schleswig-Holstein), Great Britain, Boston
“blueclay” (Massachusetts); L ate Pleistocene-Holocene
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Ficure 15-Distribution of Cytheropteron suzdalskyi.
See key Fig. 2.

of the Beaufort Sea; Holocene: Laptev Sea, eastern Kara
Sea (Fig. 9).

Modern distribution.—Greenland Sea, Norwegian
Sea, Great Britain coast, White Sea, Barents Sea,
Kara Sea, eastern Laptev Sea, East Siberian
Sea, Beaufort Sea, Baffin Sea (Fig. 9).

Material. —Twelve valves and 5 carapaces from
Holocene deposits and surface Recent sediments of the
Laptev Sea.

Cytheropteron nodosoalatum Neale and Howe, 1973
M.1, Figs. 17, 18

1973 Cytheropteron nodosoalatum Neale & Howe,
p. 240, Pl. 1, Figs. 6, 7a, b.

1975 Cytheropteron nodosoalatum Neale & Howe,
Pl. 6, Figs. 8, 10, M. 7, Figs. 2, 4, 10, 11.

1979 Cytheropteron nodosoalatum Neade & Howe -
Whatley & Masson, p. 242, Pl. 6, Figs. 3, 5, 6, 10.

1980 Cytheropteron nodosoalatum Neadle & Howe -
Lord, Pl. 2, Fig. 16.

1987 Cytheropteron nodosoalatum Neade & Howe -
Cronin & Ikeya, p. 84, PI. 3, Figs. 1, 2.

1989 Cytheropteron nodosoalatum Neadle & Howe -
Cronin, PI. IV, Figs. 1-4.
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Ficure 16-Distribution of Cytheropteron tumefactum.
See key Fig. 2.

2003 Cytheropteron nodosoalatum Neale & Howe -
Stepanova et al., 2003a, PI. II, Figs. 3, 4.

Holotype—University of Hull, HVH 9787; left
valve; England, Yorkshire, Dimlington; Pleistocene.

Description.—Carapace medium, subrhomboidal in
lateral view, with flattened anterior and posterior mar-
gins. Dorsal margin slightly convex, gradualy beve-
led towards anterior and posterior margins, and
slightly concave passing into them. Ventral margin
straight, slightly concave in anterior third. Anterior
margin arcuately rounded and bent towards ventral
margin. Posterior margin lower than anterior, caudate,
dlightly upturned towards dorsal margin. Greatest
length at mid height, greatest height in center of valve.
Valves differ in outline: right valves shorter and hig-
her with more convex dorsal margin. Caudal process
straight or slightly convex in postero-dorsal part in
left valves, and slightly concaveinright valves. Broad
lateral wing-like expansion, subdivided by a depres-
sioninitscentral part, overlaps ventral margin. On ala
edges massive nodes flank this depression and give it
a bipartite appearance. Surface reticulate and puncta-
te, fossae and puncta in subvertical rows, fossae pre-
dominantly restricted to posterior part of valve, and
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puncta over the entire surface. In central part round
puncta prevail, on anterior and posterior margins they
are considerably smaller and occur more densely.
Elongated subvertical fossae with low muri above
posterior node of ala. Fine rib stretches from lower
part of anterior margin of valve, runs along ala edge,
and ends at its posterior edge. Here it splits into two
or three upward branches; at mid-height point of
valve they merge with fossae muri. Fine rib equal in
length to dorsal margin runs slightly below and para-
llel to it. Several fine ribs parallel to ventral margin,
below ala expansion, run from lower anterior part of
valve and merge with fossae muri on posterior part.
Thread-like ribs forming fossae with puncta inside
occur on posterior third of valve and anterior margin.

Measurements, mm.—

L H
M SU292/39 0.55 0.29
MSU292/81 0.43 0.23
MSU292/213 0.56 0.34
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Ficure 17-Distribution of Cytheropteron laptevensis
Stepanova sp. nov. Seekey Fig. 2.
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Variability.—Ornamentation varies from densely
punctate surface to well developed fossae with puncta
within them.

Comparison.—Cytheropteron nodosoalatum differs
from C. champlainum Cronin, 1981 from Pleistocene
deposits of the Goldthwait Sea and Presumpscot for-
mation (Maine), in having massive nodes on the alate
expansion.

Fossil distribution.—Plio-Pleistocene of Japan;
Pleistocene: Great Britain, North Sea, SE Virginia,
Goldthwait Sea and Presumpscot formation (Maine);
Holocene of the Laptev Sea (Fig. 10).

Modern distribution.—Irish Sea, Norwegian Sea,
White Sea, Barents Sea, Franz Josef Land coast,
Novaya Zemlya coast, Kara Sea, Laptev Sea, Chukchi
Sea, Gulf of Alaska, Beaufort Sea, Canadian Arctic,
Baffin Sea, Davis Strait, Labrador Sea, southern and
eastern coasts of Greenland (Fig. 10).

Material.—Thirteen valves and one carapace from
Holocene deposits and surface Recent sediments of the
Laptev Sea.

Cytheropteron perlaria Hao, 1988
M. 11, Figs. 32, 33

1987 Cytheropteron testudo Sars - Whatley & Coles,
Pl. 3, Fig. 1.

1988 Cytheropteron testudo Sars - Whatley & Ayress,
Pl. 1, Figs. 7-8.

1988 Cytheropteron perlaria Hao sp. nov. - Hao, p.
280, pl. 47, Figs. 4-9.

1994 Cytheropteron carolae Brouwers, 1994, p. 17,
M. 8, Figs. 12-14.

1999 Cytheropteron perlaria Hao - Swanson &
Ayress, Pl. 1, Figs. 7-13; P 11, Figs. 1-3.

1999 Cytheropteron sp. aff. perlaria Hao - Swanson &
Ayress, Pl. 7, Figs. 1-6; PI. 8, Fig. 1.

2003 Cytheropteron testudo Sars - Stepanova et al.,
20033, M. 11, Figs. 5, 6.

Holotype—Chinese University of Geosciences in
Beijing; left valve, N 40212; Okinawa Trough, station
919, 865; Late Pleistocene.

Description.—Carapace small, subtriangular in late-
ra view, with flattened anterior and posteroir margins.
Dorsal margin dlightly convex, more convex in right
valves, strongly bent towards posterior margin, so that
it amost touches ventral margin. Ventral margin
straight, dightly concave in anterior third. Anterior
margin arcuately rounded, bent towards ventral margin.
Posterior margin considerably lower than anterior, cau-
date. Caudal process in postero-dorsal part straight or
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dightly convex in left valves, and dightly concave in
right ones. Greatest length right above ventral margin,
greatest height at anterior hinge edge. Wing-like expan-
sion with rounded edge above ventra margin, flat,
peak-like, subvertical to valve surface. Rib along ala
edge. Two fine ribs right above ala expansion. At ante-
rior margin one or several (maximum 3) thread-like
ribs. They stretch from alabase parallel to anterior mar-
gin, reach dorsal margin, where they turn toward poste-
rior margin and extend further parallel to dorsal margin.
These ribs do not reach posterior part of valve. Valve
surface evenly densely punctate. Puncta small, round.

Measurements, mm.—

L H
MSU292/69 0.37 0.21
MSU292/70 0.34 0.18
MSU292/71 0.36 0.2

Variability.—Number of fine ribs parallel to anterior
and dorsal margins varies from one to three.

Comparison.—Cytheropteron perlaria Hao, 1988
differs from Cytheropteron testudo Sars, 1869 from
Australian waters (Swanson & Ayress, 1999, p. 157,
M. 4, Figs. 1-12; PI. 5, Figs. 1-13; . 6, Figs. 10-12)
in having considerably smaller size, not exceeding 0.5
mm, while maximum carapace length of C. testudo is
usually more than 0.5 mm.

Remarks.—Swanson & Ayress (1999) included
Cytheropteron perlaria into the “species group”
Cytheropteron testudo, that also includes. C. delphi-
nium, C. bikurangiensis, C. sarsi, C. taciturnum, C.
testudo, C. wellmani. All these species are morpholo-
gicaly very similar, and some of them are cosmopoli-
tes. Both C. perlaria and C. testudo were reported
from the Arctic and North Atlantic. From our point of
view the only obvious difference in carapace morpho-
logy between these two species is the carapace size.
Previously we mistakenly attributed our specimens to
C. testudo Sars, 1869, but according to Swanson &
Ayress (1999), they should be referred to as C. perla-
ria Hao, 1988, since al of them do not exceed 0.5 mm.

Swanson & Ayress (1999) consider distribution of
C. perlaria Hao, 1988 to be subordinated by that of
Cytheropteron testudo Sars, 1869, but in their paper
they mainly list findings of C. perlaria in the Southern
Hemisphere. Therefore, we suppose that most findings
of Cytheropteron testudo might also contain specimens
of C. perlaria, since distinguishing of these speciesis
very complicated.

We consider Cytheropteron carolae Brouwers (1994,
p. 17, Pl. 8, Figs. 12-14) from Pleistocene through
Holocene deposits of the Gulf of Alaskato be asynonym
of Cytheropteron perlaria Hao, 1988. In origina descrip-
tion of C. carolae there is no comparison with C. perlaria
and aso, in our opinion, the reference list does not include
any publicationwithillustrationsof C. perlaria. Therefore,
we concelve it to be expedient to attribute specimens
shown in Brouwers (1994) to C. perlaria Hao, 1988.

Foss| distribution—Late Paleogene and Neogene
deposits of: SW Pecific Ocean, Indian Ocean, North
Atlantic Ocean. Late Eocene (Ototara limestone, Ashley
mudstone) of New Zealand; Miocene-Pleistocene: New
Caedonia basin, Lord Howe Rise, Chalenger Platean;
Pleistocene-Holocene: North Atlantic, Gulf of Alaska,
Cook Inlet, Pribilof 1dands, South Austraian continental
dope, East Audtrdian continental dope, Tasman Seg;
Holocene: Queendand Plateau, western Laptev Sea,
Denmark Strait (Fig. 11).

Modern distribution.—North Atlantic, western Laptev
Sea, China Sea, Okinawa Trough, Queendand Plateau,
New Caedoniabasin, Lord Howe Rise, Challenger Plato,
East Australian continental dope, South Australian conti-
nental dope, Kerguelen Plateau, Prydz Bay (Antarctica)
(Fig. 11).

Material —Fourteen valves and 10 carapaces from
Holocene deposits and Recent surface sediments of the
Laptev Sea

Cytheropteron porterae Whatley and Coles, 1987
M. I, Figs 19-21

1987 Cytheropteron porterae Whatley & Coles, p. 64, PI.
2, Figs. 21-23.

1996 Cytheropteron porterae Whatley & Coles- Whatley
etal., P.2 Figs. 7,9.

1998 Cytheropteron porterae Whatley & Coles- Whatley
etal., P. 2 Figs 1-2.

2001 Cytheropteron porterae Whatley & Coles - Didié,
P. 2, Figs. 19-21.

2003 Cytheropteron porterae Whatley & Coles -
Stepanova et al., 2003a, M. 11, Figs. 10, 11.

Holotype—Micropalaeontology Collections stored at
Palaeontological Department, National History Museum,
London, OS 12536; adult right valve, North Atlantic,
DSDP site 607, Lat. 41°00'07” N, Long. 32°54'44" W,
core 15 c.c., NN Zone 16, Late Pliocene.

Description—Carapace medium, subrhomboida in
lateral view, with flattened anterior and posterior margins.
Dorsa margin arcuately convex, in right valves stronger
than in left ones, gradually beveled towards anterior and



100

posterior margins. Ventral margin straight, dightly con-
cavein anterior third. Anterior margin arcuately rounded
and bent towards ventral margin. Posterior margin lower
than anterior, strongly caudate, dightly upturned towards
dorsa margin. Greatest length at mid-height, greatest
height at mid-length. Ala with gently rounded anterior
edge and subvertical posterior edge. At dabase, arow of
several (4-6) subvertically elongated fossae punctate wit-
hin. The nearest to anterior margin fossa contains alarge
pit. Above the row of fossae, ala surface is smooth.
Central part of vave bears subvertical rows of puncta
On posterior and, rarely, anterior margins, thread-like
ribs run paralel to them forming weakly developed fos-
e

Measurements, mm.—

L H
MSU292/61 0.59 0.28
MSU292/74 0.52 0.23
MSU292/89 0.4 0.17
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Variability.—Reticulation varies in its degree on
anterior and posterior margins; on anterior margin
often not developed.

Comparison.—Cytheropteron porterae is distin-
guished from C. carolinae Whatley and Coles, 1987
from the Quaternary deposits of the North Atlantic
(Whatley & Coles, 1987, p. 60-61, PI. 2, Figs. 6, 7, 9)
in its larger size and presence of puncta partially
covering valve surface. C. carolinae has puncta over
the entire surface and lacks reticulation and puncta at
the base of the ala.

Fossil distribution.—Tentative findings in deep
water Miocene deposits of the Indian Ocean;
Pliocene-Quaternary: N. Atlantic; Pleistocene-
Holocene: western Laptev Sea; Holocene of the eas-
tern Kara Sea (Fig. 12).

Modern distribution.—Greenland Sea, New-
foundland, North Atlantic, Kara Sea and western
Laptev Sea (Fig. 12).

Material —Eighty valves and 13 carapaces from
Late Pleistocene to Holocene deposits and Recent
surface sediments of the western Laptev Sea.

PLATE 2-22-25, Cytheropteron pseudomontrosiense Whatley and Masson, 1979; 22, right valve, externa view, MSU292/285,
x135; 23, right valve, external view, MSU292/286, x155; 24, |eft valve, externa view, MSU292/287, x120; late Pleistocene
of the western Laptev Sea; 25, left valve, external view, collection of Lev (NIIGA), from sample N18, x100, identified by
O.M. Lev as Cytheropteron sulense; late Pliocene-Pleistocene of the Ma ozemel’skaya tundra. 26-29, Cytheropteron sulense
Lev, 1972; 26, right valve, external view, collection of Lev (NI1IGA), N1183-69, x100; 27, left valve, external view, collec-
tion of Lev (NIIGA), N1183-68, x100; late Pliocene-Pleistocene of the Malozemel’skaya tundra; 28, right valve, external
view, MSU292/179, x65; 29, right valve, external view, MSU292/135, x85; Holocene and recent surface sediments of the
eastern Laptev Sea. 30, 31, Cytheropteron suzdalskyi Lev, 1972; 30, left valve, externa view, MSU292/49, x75; 31, left
valve, external view, MSU292/267, x85; Holocene and recent surface sediments of the eastern Laptev Sea. 32, 33,
Cytheropteron perlaria Hao, 1988; 32, left valve, external view, MSU292/71, x120; 33, right valve, external view,
MSU292/69, x96; recent surface sediments of the western-central Laptev Sea. 34-37, Cytheropteron tumefactum Lev, 1972;
34, left valve, externa view, collection of Lev (NIIGA), from sample 2302 (identified by O.M. Lev as Cytheropteron punc-
tatum), x105; 35, right valve, external view, collection of Lev (NIIGA), from sample 2302 x105; late Pliocene-
Eopleistocene of the Arkhangelsk region; 36, right valve, externa view, MSU292/60, x96; 37, left valve, externa view,
MSU292/264, x115; recent sediments of the western-central Laptev Sea. 38-41, Cytheropteron laptevensis Stepanova sp.
nov.; 38, right valve, external view, MSU292/278, x110; 39, left valve, external view, MSU292/280, x135; 40, right valve
external view, MSU292/253, x145; 41, right valve external view, MSU292/234, x125; Pleistocene-Holocene of the western

Laptev Sea.
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PLATE I
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Cytheropteron pseudomontrosiense Whatley
and Masson, 1979
M. 11, Figs. 22-25

1874 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Brady et al., p. 205, PI. VIII, Figs.
33-36 (not PI. 8, Figs. 28-32, M. 14, Figs. 13-16).

1889 Cytheropteron montrosiense Brady, Crosskey
and Raobertson - Brady & Norman, p. 216, PI. XIX,
Figs. 26-27.

1963 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Swain, p. 817, PI. 95, Fig. 14 (not
M. 97, Fig. 21).

1977 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Cronin, H. 111, Fig. 19.

1978 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Robinson, PI. 6, Fig. 5b (not 5a).

1979 Cytheropteron pseudomontrosiense Whatley &
Masson, p. 247, Pl. 2, Figs. 5, 7-10, 13, 14.

1980 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Lord, Pl. 2, Figs. 1-6.

1981 Cytheropteron pseudomontrosiense Whatley &
Masson - Cronin, p. 404, PI. 6, Figs. 5, 7.

1989 Cytheropteron pseudomontrosiense Whatley &
Masson - Cronin, Pl. V, Fig. 4.

1991 Cytheropteron pseudomontrosiense Whatley &
Masson - Brouwers et al., Fl. 3, Fig. 2.

1999 Cytheropteron pseudomontrosiense Whatley &
Masson - Kupriyanova, Pl. 2, Fig. 8.

Holotype.—Micropalaeontology Collections stored
a the Palaentological Department, National History
Museum, London, OS 10830; adult left valve, North
Sea, Forties Field borehole, DB 13, Lat. 57°43'54.5”" N,
Long.00°58' 25.5" E, depth in core 5 m, upper part of
the Quaternary succession.

Description.—Carapace medium, subtriangular in
lateral view, with flattened anterior and posterior mar-
gins. Dorsal margin almost straight, slightly concave
in posterior part, gradually beveled towards anterior
and posterior margins. Dorsal margin passes into ante-
rior margin through obtuse cardina angle. Ventra
margin straight, dightly concave in anterior third.
Anterior margin arcuately rounded. Posterior margin
lower than anterior, caudate. Greatest length at lower
third, greatest height at anterior hinge edge. Valves dif-
fer in outline: right valves with more convex (distinct)
cardinal angles, and left valves with gradually sloping
cardinal angles. Caudal process in postero-dorsal part
straight or dlightly convex in left valves, and dlightly
concave in right valves. Rounded lateraly inflated
expansion above ventral margin. Surface is reticulate,
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fossae distributed concentrically; in the central part of
valve fossae rounded, on margins elongated. Above
ventral margin fossae muri merge into ribs contouring
lateral expansion.

Measurements, mm.—

L H
From sample N18, Belush’e, 041 024
Identified as C. sulense
(collection of O.M. Lev, VNIIOkeangeologiya)
N 292/285 0.37 0.19
N 292/286 0.32 0.19
N 292/287 039 021

Variability.—The degree of reticulation is variable.
Usually fossae are well expressed.

Comparison.—Cytheropteron pseudomontrosiense
differs from Cytheropteron sulense Lev, 1972 (Lev,
1972, p. 18, PI. 1, Figs. 14-17) from the Late
Pliocene-Early Pleistocene deposits of Arkhangel’sk
Region in having solely subtriangular lateral valve
outline, while C. sulense is ovate or trapeziform in
lateral view.

Remarks.~We consider C. pseudomontrosiense
and C. sulense to be two distinct species. The most
interesting fact is that in original descriptions of both
species, their authors (Lev, 1972, Whatley & Masson,
1979) put the same illustrations in the synonym list
(Brady et al, 1874, p. 205, PI. 8, Figs. 33-36). We stu-
died the collection of O.M. Lev stored in St.
Petersburg in order to clearify this confusion. Most
specimens shown in Lev (1972, 1983) are trapezi-
form, while C. pseudomontrosiense valves in publis-
hed micrographs demonstrate a predominantly sub-
triangular outline. In Lev's collection we found
specimens of both morphotypes. Thus, we suppose
that Lev considered only trapeziform carapaces as
adults, while subtriangular ones she thought to be late
moult stages. Originally Whatley & Masson (1979)
published micrographs of subtriangular specimens,
though some of them were almost trapeziform.
Specimens of both morphotypes are present in our
samples from the Laptev Sea. All surface samples
and Holocene sediment samples from the eastern
Laptev Sea mainly contain specimens of C. sulense,
but the Late Pleistocene — Holocene sediments from
the western Laptev Sea are dominated by C. pseudo-
montrosiense. At the same time, specimens of anot-
her morphotype are always present in small amounts.
Since publications of Lev (1972, 1983) are in
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Russian, they are not widely known abroad.
Therefore, both morphotypes in foreign publications
are named C. pseudomontrosiense (or C. montrosien-
se). Despite this fact we consider them as separate
species (according with Whatley, pers. comm., 2003,
and Briggs, pers. comm., 2003). Therefore, subtrian-
gular specimens are referred to as C. pseudomontro-
siense, and subovate and trapeziform ones - as C.
sulense.

Fossil  distribution.—Pliocene of Greenland,
Quaternary: North Sea, Pechora Sea; Pleistocene:
Great Britain, Norway, Champlain Sea; Pleistocene-
Holocene: Norwegian Sea, western Laptev Sea
(Fig. 13).

Modern distribution.— East Siberian Sea, Beaufort
Sea, Baffin Sea, Spitsbergen coast (Fig. 13).

Material —Fifty-three valves and 2 carapaces from
Late Pleistocene to Holocene deposits of the western
Laptev Sea.

Cytheropteron sulense Lev, 1972
M. 11, Figs. 26-29

1868 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Brady, 1868b, PI. 5, Figs. 4-5 (not
M. 5, Figs. 1-3).

1963 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Swain, p. 817, PI. 97, Fig. 21 (not
M. 95, Fig. 14).

1972 Cytheropteron sulense Lev, p. 18, Pl. 1, Figs.
14-17.

1983 Cytheropteron sulense Lev, Pl. XVI, Figs. 12,
13.

1986 Cytheropteron montrosiense Brady, Crosskey
and Robertson - McDougall et al., Pl. 12, Figs. 1, 2,
4,6 (not Pl. 12, Figs. 3, 5, 7).

1988 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Siddiqui, PI. 2, Fig. 4.

1991 Cytheropteron cf. C. montrosiense Brady,
Crosskey and Robertson - Brouwers et al., Pl. 2,
Fig. 5.

1991 ?Cytheropteron sp. 3 - Brouwers et al., Pl. 2,
Fig. 7.

1999 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Schoning & Wastegéard, M. 1,
Fig. 4.

2003 Cytheropteron sulense Lev - Stepanova et al.,
20034, PI. 1, Figs. 12, 13.

Holotype.—Collection stored at VNIIOkeangeolo-
giya, St. Petersburg, N1183-66; adult right valve;
Russia, Arkhangel’sk Region, Maozemel’skaya tun-
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dra, Sula River,
Pleistocene.

Description.—Carapace medium, trapeziform to
ovatein lateral view, with flattened anterior and pos-
terior margins. Dorsal margin almost straight,
slightly concave in posterior part, gradually beveled
towards anterior and posterior margins. Dorsal mar-
gin passes into anterior margin very gradually.
Ventral margin straight, slightly concave in anterior
third. Anterior margin arcuately rounded. Posterior
margin lower than anterior, caudate. Greatest length
dlightly higher of mid-height, greatest height at ante-
rior hinge edge. Valves differ in outline: right valves
with more convex (distinct) cardinal angles, and left
valves with gradually sloping cardinal angles.
Caudal process in posteroventral part slightly con-
vex in left valves, and slightly concave in right val-
ves. Rounded laterally inflated expansion above ven-
tral margin. Surface is reticulate, fossae distributed
concentrically; in the central part of valve fossae
rounded, on margins elongated. Above ventral mar-
gin fossae muri merge into ribs contouring lateral
expansion.

Kotkino, Late Pliocene-early

Measurements, mm.—

L H
N1183-68 051 03
(collection of O.M. Lev, VNIIOkeangeologiya)
N1183-69 042 0.23
(collection of O.M. Lev, VNIIOkeangeologiya)
MSU292/135 044 0.27
MSU292/179 047 0.23

Variability.—The degree of reticulation is variable.
Usually fossae are well expressed.

Comparison.—For comparison with morphologi-
cally similar species see description of C. montrosien-
se given above.

Remarks.—See remarks to C. pseudomontrosiense.
Cytheropteron sulense was often confused with both
C. montrosiense and C. pseudomontrosiense. Here we
consider the specimens given in McDougall, 1986 (P!.
13, Figs. 1, 2, 4, 6) from the Late Pleistocene —
Holocene deposits of the Beaufort shelf as C. sulense,
because all these specimens demonstrate solely subo-
vate lateral outline.

Fossil distribution.—Pliocene of Greenland; Late
Pliocene-Pleistocene of Malozemel’skaya tundra; Ho-
locene of the eastern Laptev Sea; Late Pleistocene-
Holocene of the Baltic Sea, Beaufort Sea (Fig. 14).
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Modern distribution.—Novaya Zemlya coast,
Kara Sea, eastern Laptev Sea, Chukchi Sea, Hudson
Bay, Canadian Arctic, Beaufort Sea, Baffin Sea
(Fig. 14).

Material. —One hundred twenty-five valves and 18
carapaces from Holocene deposits and Recent surface
sediments of the Laptev Sea.

Cytheropteron suzdalskyi Lev, 1972
Pl. 11, Figs. 30, 31

1972 Cytheropteron suzdalskyi Lev, p. 19, Pl. 1, Figs.
1-5.

1975 Cytheropteron cf. nodosum Brady - Nede &
Howe, H. 7, Fig. 5.

1983 Cytheropteron suzdalskyi Lev, PI. XV, Figs. 13,
14.

1989 Cytheropteron cf. suzdalskyi Lev - Cronin, PI. 1V,
Fig. 8.

1994 Cytheropteron suzdalskyi Lev - Brouwers, p. 35,
Pl. 18, Figs. 4, 5.

1999 Cytheropteron suzdalskyi Lev - Kupriyanova,
Pl. 2, Fig. 4.

2003 Cytheropteron suzdalskyi Lev - Stepanovaet al.,
20033, PI. I, Fig. 11.

Holotype—Collection VNIIOkeangeologiya, N1183-
87; adult right valve, Russia, Arkhangel’sk Region,
Lower Severnaya Dvina River, Ust’-Pinega; early Late
Pleistocene.

Description.—Carapace medium, trapeziform in
lateral view, with flattened posterior margin. Dorsal
margin slightly convex, almost straight, gradually
beveled towards margins. Ventral margin straight,
paralel to dorsal margin. Anterior margin arcuately
rounded and bent towards ventral margin. Posterior
margin lower than anterior, caudate, slightly upturned
towards dorsal margin. Greatest length at upper third
of valve, greatest height at anterior hinge edge. Right
valves higher and shorter, with more convex dorsa
margin. Caudal process in postero-ventral part in left
valves straight, and dlightly concave in right ones.
Broad lateral bipartite wing-like expansion, subdivi-
ded by depression into two massive nodes. Another
two massive nodes in dorsal part are restricted to hinge
margins, they are slightly bigger than ala nodes. Valve
surface, except for posterior part of valve, reticulate.
Fossae arranged in rows. Fossae subvertically elonga
ted at anterior and posterior margins and rounded in
central part of valve. Fossae punctate in base. On ven-
tral margin high fossae muri form several ribs parallel
to it and contouring ala outline.
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Measurements, mm.—

L H
MSU292/49 0.54 0.32
MSU292/267 0.55 0.3
MSU292/143 0.53 0.3

Variability—Reticulation may vary in its degree;
sometimes fossae are not developed, but puncta are
always present.

Comparison.—Cytheropteron suzdalskyi differs from
C. nodosum Brady, 1868 from Recent marine sediments
around Grest Britain and Ireland (Brady, 1868a, p. 448,
. XXXV, Figs. 31-34) in having more pronounced
reticulation and considerably more massive nodes on
the dorsal side of valve.

Fossil distribution.—Quaternary: Kola Peninsula,
Cheshskaya Bay coast, Lower Severnaya Dvina River,
Lower Pechora River, Taimyr Peninsula; Late
Pleistocene of the Champlain Sea; Holocene: eastern
Kara Sea, Laptev Sea, Gulf of Alaska (Fig. 15).

Modern distribution.—Eastern Laptev Sea, Kara
Sea, Beaufort Sea, Novaya Zemlya (Fig. 15).

Material.—One hundred twenty-six valves and 9
carapaces from Holocene deposits and Recent surface
sediments of the Laptev Sea.

Cytheropteron tumefactum Lev, 1972
Pl. I, Figs. 34-37

1874 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Brady et al., p. 205, Pl. 14, Figs.
13-16 (not M. 8, Figs. 28-36).

1972 Cytheropteron tumefactumLev, p. 17, Pl. 1, Figs.
12-13.

1977 Cytheropteron montrosiense Brady, Crosskey
and Robertson - Cronin, Pl. 111, Fig. 17.

1979 Cytheropteron simplex Whatley & Masson,
p. 252, Pl. 2, Figs. 11, 12, 19-21.

1980 Cytheropteron montrosiense juv. - Lord, Pl. 2,
Figs. 7-8.

1981 Cytheropteron simplex Whatley & Masson -
Cronin, p. 406, PI. 6, Figs. 6, 8.

1983 Cytheropteron tumefactum Lev, p. 118, Pl. XV,
Fig. 9, P. XVI, Fig. 14.

1983 Cytheropteron punctatumBrady - Lev, p. 120-121,
M. XVI, Figs. 6-7.

1989 Cytheropteron simplex Whatley & Masson -
Cronin, PI. V, Fig. 1.

1991 Cytheropteron simplex Whatley & Masson -
Brouwerset al., Pl. 2, Fig. 3.
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1993 Cytheropteron simplex Whatley & Masson - Lord
etal, P. 3 Fig. 3.

1996 Cytheropteron simplex Whatley & Masson -
Whatley et al., . 3, Fig. 4.

1999 Cytheropteron tumefactum Lev - Kupriyanova,
Pl. 2, Fig. 6.

1999 Cytheropteron punctatum Brady - Kupriyanova,
M. 2, Fig. 7.

2003 Cytheropteron simplex Whatley & Masson -
Stepanovaet al., 2003a, M. 11, Fig. 12.

Holotype—Caollection VNIIOkeangeologiya, N1183-74;
adult right valve, Russa, Arkhangd’sk Region, Pechora
River, Khongure;; Late Pliocene-Early Pleistocene.

Description.—Carapace medium, rounded-triangu-
lar, strongly inflated, with flattened anterior and poste-
rior margins. Dorsal margin dightly convex, bent
towards posterior margin. Ventral margin straight,
dightly concave in anterior third. Anterior margin
arcuately rounded. Posterior margin lower than ante-
rior, caudate, slightly downturned towards ventral mar-
gin. Greatest length at lower third, greatest height at
anterior hinge edge. Lateral wing-like inflation above
ventral margin. Severa fine ribs extend along the infla-
tion and contour it. Their extension on anterior and pos-
terior margins form weakly developed elongated fos-
sae. The whole valve surface unevenly punctate.

Measurements, mm.—

L H
From sample N2302, 043 024
Lower Severnaya Dvina
River, C. punctatum
(collection of O.M. Lev, VNIIOkeangeologia)
From sample N2302, 043 0.27
Lower Severnaya Dvina
River, C. tumefactum
(collection of O.M. Lev, VNIIOkeangeologia)
MSU292/60 041 0.27
MSU292/68 045 0.28

Variability—Number of puncta is variable; central
parts of some specimens are practically devoid of
them. Besides, smoother specimens are larger and
more rounded, while more punctate specimens are
lower and almost triangular in shape.

Remarks—Diverse intraspecific morphological variabi-
lity has led to a confusing taxonomy. Lev described smo-
oth forms as a new species C. tumefactum in 1972,
Punctateforms she attributed to C. punctatum Brady, 1868.
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We studied Lev’s collection stored a VNIIOkengeologia
(St. Petersburg) and came to the concluson that her “C.
punctatum’ does not correspond to G.S. Brady’s descrip-
tion (1868a, p. 449, A. XXXIV, Figs. 45-48). Whatley &
Masson in 1979 included both (punctate and smooth)
morphotypes into a single species that they described as
new and named it Cytheropteron smplex. Whatley &
Masson (1979) mentioned strong intraspecific variability,
but did not describe smooth and punctate forms separately.
We consider both morphotypes to be a single species and,
according to ICZN, nameit C. tumefactum Lev 1972 (also
according with Briggs, pers. comm., 2003).

Comparison.—Cytheropteron tumefactum differs
from Cytheropteron montrosiense in having a more
laterally inflated carapace, and a caudal process down-
turned towards ventral margin. The valve surface of C.
tumefactum bears puncta and fine ribs at posterior,
ventral and anterior margins, while C. montrosiense is
strongly reticulate.

Fossil  distribution.—Pliocene of Greenland,;
Quaternary: North Sea, Scotland, Cheshskaya Bay
coast, Lower Severnaya Dvina River, Lower Pechora
River, Lower Yenisal River; Pleistocene of Norway,
Champlain Sea, Goldthwait Sea; Late Pleistocene-
Holocene of the western Laptev Sea; Holocene: Gulf
of Alaska, eastern Kara Sea (Fig. 16).

Modern distribution.—Greenland Sea, Great Britain,
Norwegian Sea, Kara Sea, western Laptev Sea,
Beaufort Sea (Fig. 16).

Material.—One hundred nine valves and 22 carapa-
ces from Holocene deposits and Recent surface sedi-
ments of the Laptev Sea.

Cytheropteron laptevensis Stepanova sp. nov.
Pl. 11, Figs. 38-41

1979 Cytheropteron? sedovi Schneider - Whatley &
Masson, p. 251, Pl. 7, Figs. 15-19.

1983 Cytheropteron ex gr. sedovi Schneider - Lev,
p. 121, Pl. XV, Figs. 10-12.

1990 Cytheropteron sedovi Schneider - Penney, Pl. 1,
Fig. 1.

Derivation of Name—From its findings in the
Laptev Sea.

Holotype.—Collection stored at the Geological
Department, Moscow State University, M SU292/280;
adult left valve, Laptev Sea; core PS51-154, Lat.
77°16'61” N, Long. 120°36' 03" E, core depth 129 cm;
Holocene.

Description.—Carapace medium, subrhomboidal in
lateral view, with flattened anterior and posterior mar-
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gins. Dorsal margin amost straight, with obtuse cardi-
nal angles, gradually beveled towards anterior and pos-
terior margins. Ventral margin dightly convex in poste-
rior half and dightly concave in anterior third. Anterior
margin evenly arcuately rounded. Posterior margin cau-
date, dightly upturned towards dorsal margin, lower than
anterior margin. Left valves have more smoothed cardi-
nal angles, and right valves have prominent cardinal
angles and more convex dorsal margin. Caudal process
in postero-dorsal part in left valves straight or dightly
convex, in right valves concave. Greatest length at mid-
height, greatest height at anterior hinge edge. Above
anterior margin wing-like process, with straight anterior
edge and subvertical posterior. The anterior part of the
ala has a rounded swelling, and subvertically elongated
socket behind it (0.02 x 0.015 mm). Surface reticulate,
fossae irregularly shaped, mostly subvertically elonga-
ted. Solum of fossae punctate.

Measurements, mm.—

L H
MSU292/220 0.36 0.19
MSU292/234 0.41 0.25
MSU292/253 0.38 0.23
MSU292/278 04 0.22
MSU292/280 0.36 0.18

Variability—Reticulation varies in its degree, but
usually fossae are well devel oped.

Comparison.—Cytheropteron laptevensis differsfrom
C. sedovi from Recent sediments of the Central Arctic
Ocean (Schneider, 1962, p. 104, M. XII, Fig. 1) in
having subrhomboidal instead of subtriangular outline,
absence of ribs and presence of fossae. C. sedovi bears
distinct paralle subvertical ribs on posterior margin. Its
lateral valve surface is nearly completely covered with
subvertical rows of puncta. Ala morphology is aso dif-
ferent: C. sedovi has rounded anterior edge of ala and
subvertical posterior, and it bears a subvertical row of
four puncta, while ala of C. laptevi has a straight ante-
rior edge and a swelling at its anterior base, behind
which there is a socket.

Remarks—Whatley & Masson (1979) questionably
referred severa specimens to Cytheropteron? sedovi
Schneider, 1962 and pointed out that they failed to find
the original description of Schneider. We studied illus-
trations given in Schneider (1962) and came to the
conclusion, that specimens in publications of Whatley
& Masson (1979) and Penny (1990), and those from
our samples, do not correspond to the original descrip-
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tion of C. sedovi Schneider and, therefore, it is neces-
sary to distinguish a new species C. laptevensis.

Fossl digtribution—Pleistocene: Ireland, North Sea,
Lower Pechora River, Lower Ob River; Late Pleistocene
and Holocene of the western Laptev Sea (Fig. 17).

Material .—Thirteen adult and 1 juvenile valve from
the Late Pleistocene-Holocene deposits of the western
Laptev Sea.
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Abstract

Beach deposits from the marine intertidal zone at Keawe' ula Bay, on the north-western flank of
Kohala Volcano, north Hawaii, yield a population of Semicytherura challengerae sp. nov. that appe-
ar to have been living interstitially within the coarse- to very coarse-grained beach sand. The ostra-
cods, which preserve part of their soft-anatomy, are systematically described.

Key words: Ostracoda, new species, marine interstitial environment, Recent, Hawaii.

Resumen

Unos depositos de playa, procedentes de la zona intermareal marina de Keawe' ula Bay, en €l flan-
co noroccidental del volcan Kohala, norte de Hawai, han proporcionado una poblacion de
Semicytherura challengerae sp. nov., ostracodo que vive intersticialmente dentro de una arena
de playa gruesa a muy gruesa. Los ostracodos, que preservan en parte la anatomia de los tgjidos blan-

dos, son descritos taxonémicamente.

Palabras clave: Ostracoda, nueva especie, medio marino intersticial, Reciente, Hawai.

INTRODUCTION

On the north coast of Hawaii, to the northwest of
Kohala Volcano, at Keawe'ula Bay (latitude 20°
6.5'N, longitude 155° 52.5'W) (Fig. 1), coarse- to
very coarse-grained beach sands are preserved bet-
ween boulders of the rocky, marine intertidal zone.
Most of the sand grains are greater than 500 pm in
size, but a small proportion of the deposit is finer.
The monospecific ostracod community, which was
collected from the 205 um sieve fraction, comprised
Semicytherura challengerae sp. nov. The new spe-
ciesisdescribed and its mode of lifeis discussed. All
figured specimens (MPK 12807-12813) and unfigu-
red specimens (MPA 51924) are deposited in the
collections of the British Geological Survey,
Nottingham, England.

PREVIOUS WORK

Recent ostracods from Hawaii are poorly known.
During the late 19" century, the Royal Navy
Challenger Expedition collected a single grab sam-
ple off reefs of Honolulu, at a depth of 40 fathoms
(approximately 73 m). It yielded 15 species belon-
ging to the genera (by original designation) Ponto-
cypris, Bairdia, Cythere, Xestoleberis, Loxoconcha
and Cytherella (Brady, 1880). Bate (1963) catalo-
gued those specimens col lected during the cruise and
now deposited at the Natural History Museum,
London and Hancock Museum, Newcastle upon
Tyne. Puri & Hulings (1976) designated lectotypes
for some species. However, none of the ostracods
collected from Hawaii at that time can be placed in
the genus Semicytherura.
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Ficure 1-Sketch map of Big Island, Hawaii, to show the posi-
tion of the study site at Keawe' ula Bay.

A biostratinomic analysis of living and sub-Recent
agae- and sediment-dwelling ostracod associations
from the neighbouring island of Oahu, was undertaken
by lIzuka & Kaeder (1986). Details of the assemblages
were not given, but Semicytherura was not amongst
the taxa mentioned. Hartmann (1991) described nume-
rous interstitial taxa from several islands of the
Hawaiian chain, including species of Polycope,
Paracobanocythere, Cobanocythere, Psammocythere,
Cytheropteron, Xestoleberis, Paradoxostoma, Parvo-
cythere, Aglaiocypris, Dolerocypria, Loxoconcha,
Morkhovenia and Paracytheridea. Only six species
were recoverded from Big Island: Polycope hawaiien-
sis Hartmann, 1991; Paracobanocythere hawaiiensis
Gottwald, 1973; Cobanocythere konensis Hartmann,
1991; Psammocythere hawaiiensis Hartmann, 1991;
Xestoleberis hawaiiensis Hartmann, 1991, and Dole-
rocypria minutissima Hartmann, 1991. Semicytherura
was not recorded.

Although modern literature on Recent Pecific ostra-
cods is extensive, Semicytherura issurprisingly rarein
the Recent faunal record. A selective literature search
suggests that the genusis moderately diverse, although
not common, off Japan, China and surrounding areas,
but it is very rarely recorded off the Islands of
Southeast Asia, the Coral Sea and the Pacific (e.g.
Hana et al., 1977; Hanai et al., 1980; Ikeya & Hanai,
1982; Quanhong & Pinxian, 1988; Whatley & Watson,
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1988; Weissleader et al., 1989; Ikeya & Itoh, 1991,
Ikeyaet al., 1992; Whatley & Roberts, 1995; Whatley
& Jones, 1999; Whatley et al., 2000).

THE OSTRACOD COMMUNITY

The assemblage of ostracods recovered from beach
sands at Keawe' ula Bay is essentially monospecific.
Although two species were recorded, S. challengerae
sp. nov. and Xestoleberis hawaiiensis Hartmann, 1991,
the latter was represented by only a single, dead speci-
men, as discussed below.

Semicytherura challengerae sp. nov. (PI. 1, Figs. 1-
7) isconsidered to have been living at the time of sam-
ple collection, as indicated by the preservation of soft
parts present in al the carapaces found. The sample
was not collected specifically for ostracods and, unfor-
tunately, stepsto preserve the soft parts were not taken.
Consequently, much of the thorax was missingin all of
the specimens, but the appendages and soft parts
around the central dorsal area remained in most (e.g.
Text-Fig. 2). No data exist for the rate of decomposi-
tion of an ostracod carcass, but comparison of the
degree of decay of S. challengerae sp. nov. with expe-
riments on crustacea such as shrimps and prawns (e.g.
Briggs & Kear, 1994), suggest that the specimens were
amost certainly living at the time they were collected,
approximately three months prior to examination.
During the intervening time the specimens had been
stored in wet sediment within a plastic container. All
specimens found are adults and of asimilar size (292-
325 um long). Juvenile instars were probably lost as a
result of winnowing (there was very little sediment
within the grain size 75 to 205 um), but their absence
may be a consequence of sample processing (the sam-
ple was washed through a 75 pm sieve).

The second species recorded, Xestoleberis hawaiien-
sis Hartmann, 1991 (text-fig. 3), is represented by asin-
gle carapace that was apparently dead at the time of
collection. Unlike the specimens of Semicytherura, no
soft-parts were observed and the lateral surface of the
carapace is crossed by irregular, sinuous borings, sug-
gesting it had been lying in the sediment for some time.
Hartmann (1991) recovered X. hawaiiensis from coarse
sediment in asheltered embayment at Kealia Beach, Big
Idand, where it was living interstitialy.

Semicytherura challengerae sp. nov. is considered
to have been living interstitialy in Keawe ula Bay for
three reasons. Firstly, the sediment is a coarse- to very
coarse-grained sand that accumulated on an exposed
coastline in a high energy environment. The sand
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FicUrRe 2—Semicytherura challengerae sp. nov. from Keawe' ula Bay, on the north-western flank of Kohala Volcano, northern
Hawaii. For dimensions, see text.
Left valve, interna view and the preserved soft parts of afemale paratype, MPK12810.
In the diagrammatic representation, the basipodites of each appendage are shaded. a. one of the paired uniramous antennu-
lae (appendage 1) with four podomeres; b. second antenna (appendage 2) of which at |east two podomeres on the endopodi-
te are visible; c-h. six paired “walking legs’ of the thorax (appendages 5-7), each comprising basipodite and three podome-
res on the endopodite.
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collected was preserved between large boulders near
the low water mark. It is unlikely that the fragile and
diminutive ostracods could have survived these adver-
se energy conditions and sediment substrate, and it is
likely that they took refuge within the large interstices
between the sediment grains. This strategy was descri-
bed by Hartmann & Hartmann-Schréder (1975) who
found that surface-ostracods were absent on exposed
beaches of South Africa, Angola and Mozambique
(where the high-energy environment is similar to that
of Hawaii), but diverse assemblages were present in
interstitial habitats. Secondly, the dimensions of S. cha-
Ilengerae sp. nov. are very small (adults did not exceed
325 pm), a characteristic of other interstitial ostracods
described by, for example, Gottwald (1973), Bonaduce
& Danielopol (1988) and Hartmann (1991). Finally, the
notion is supported by the presence of Xestoleberis
hawaiiensis, which, although only represented by asin-
gle dead specimen, is known to live interstitially.

SYSTEMATIC PALAEONTOLOGY

Order Pobocoripa Miiller, 1894
Suborder PobocorINA Sars, 1866
Superfamily CyTHERACEA Baird, 1850
Family CyTHERURIDAE M{ller, 1894
Genus Semicytherura Wagner, 1957
Type species. Semicytherura nigrescens (Baird, 1838).
Combined with Semicytherura by Wagner (1957) (see
also Athersuch et al., 1989).

Semicytherura challengerae sp. nov.
(M. 1, Figs. 1-7; Fig. 2)

Derivatio nominis—After the the Roya Navy’sship
HMS Challenger. Recent Hawaiian ostracods were
first collected during the Challenger Expedition of
1873 to 1876 and described by Brady (1880).
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Diagnosis.—Small species of Semicytherura (adults
between 292 and 325 um long) with heavily fovoelate
lateral surface; an anastomosing series of riblets
around the anterior, ventral and posterior margins; and
an anterior rib that thickens anterodorsally and extends
along the dorsal margin to mid-length.

Holotype—Carapace, female, MPK12807 (Pl. 1,
Fig. 1).

Paratypes.—Carapace, male, MPK12808; right
valve, female, MPK12809; left valve female,
MPK12810; carapace, female, MPK12811; carapace
male, MPK 12812 (PI. 1, Figs. 2-7).

Material .—At least 47 specimens.

Locality and horizon.—Found living, probably
interstitially, in beach sand in Keawe ula Bay on the
northwestern flank of Kohala Volcano, north coast of
the Island of Hawaii (Fig. 1).

Description.—Female: Carapace small and elongate.
Anterior margin broadly rounded. Dorsal margin
weakly arched, flattened mid-dorsally, posterior cardi-
nal angle moderately well formed. Posterodorsal mar-
gin weakly concave, merging into a blunt, caudal
extension situated at mid-height. Dorsal margin
weakly sinuous. Mid-lateral surface ornamented with a
mesh of very weak reticulation, the almost vestigial
muri comprise a thickened, non-foveolate network
barely standing higher than the solus. Foveolae up to
about 3 micronsin diameter, situated in the sola. In the
anterior, ventral and posterior marginal areas, the muri
are raised into a series of sinuous and anastomosing
riblets, which control the disposition of the foveolae
into linear series. The anterior marginal rib is more
prominent anterodorsally, extends along the dorsal
margin to mid-length and continues to the caudal pro-
cessasavery weak riblet. In dorsal view (PI. 1, Fig. 5)
the species is dightly inflated laterally, broadest ante-
rior of mid-length and dlightly compressed at mid-
length forming a weak concavity in its outline. The
posterior end of the inflation is abruptly terminated, so

—

PLATE 1-Semicytherura challengerae sp. nov. from intertidal beach deposits at Keawe' ula Bay, on the north-western flank of

Kohala Volcano, northern Hawaii. For dimensions, see text.

1, Carapace, left valve, lateral view; female; MPK12807; holotype. 2, Carapace, |eft valve, lateral view; male; MPK12808;
paratype. 3, Right valve, internal view; female; MPK 12809; paratype. 4, Central muscle scar group (highlighted with a pec-
ked line) of specimen MPK12809 (see Fig. 3) (the figure measures 40 um across). 5, Carapace, dorsal view; female;
MPK12811; paratype. 6, Carapace, dorsal view; male; MPK12812; paratype. 7, Magnified part of the lateral surface of the
male MPK 12808 (see Fig. 2), showing detail of reticulation, the disposition of the foveolae and the interrupted ornament in
the area of the adductor muscle scars (the figure measures 65 pm across).
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that the outline between the posterior end of the lateral
inflation and the caudal process is strongly concave.
Dorsal margin thickened and, with the exception of the
posterior end, free of foveolae. Right valve overlaps
the left dorsally. Eye-tubercle absent. Normal pores
widely scattered.

Inner lamella broad anteriorly and posteroventraly,
but narrow at the caudal process and anterior of mid-
length, at the weak ventral concavity. Norma pores
small and widely scattered, but generally obscured by
the foveolae when viewed externally. Approximately
eighteen sinuous margina pore canas disposed in
groups anteriorly, and about five canals at the posterior
margin. Adductor muscle scars comprise a vertical row
of four scars, the dorsal one being ovate and the remain-
der dongate; a small, rounded dightly kidney-shaped
fronta scar; and an obliquely disposed, elongate frontal
scar. Hinge weak, comprising, in the right vave a
narrow, median groove and very weakly devel oped den-
ticulate teeth and, in the left valve, weakly developed
elongate sockets separated by a smooth, narrow bar.

Male: Elongate. Anterior broadly rounded, dorsal
margin very weakly arched, amost straight, merging
into the blunt cauda process situated at mid-height.
Unlike the female, the posterior cardinal angle is weakly
developed. Ventral margin weakly sinuous. Lateral orna
mentation as for female. The adductor muscle scars
represented externaly by a thickening of the carapace
and an interruption of the reticulation (P. 1, Fig. 7), a-
though foveolae continue between the individua scars.
In dorsal view, the carapace is widest posterior of mid-
length and the lateral outline is straight or very weskly
concave; the distinct mid-length concavity of the femae
not present in the male. Posterior outline between the
latera inflation and the caudal process more rounded,
when viewed dorsally, the concavity seen in the female
less pronounced in the male.

Sexual dimorphism: Male carapace more elongate
than the female and widest towards the posterior. The
invagination of the inner lamella is also dimorphic;
that in the female being wider immediately anterior to
the caudal process, compared to that of the male.

Soft parts: Partially preserved soft anatomy is pre-
sent in the maority of specimens, particularly the
appendages which are more heavily scleritised and thus
most resistant to decay. None of the specimens preserve
the trunk or copulatory region of the animal, a sSituation
which is consistent with the later stages of decay deter-
mined by experiments on crustacea, such as shrimpsand
prawns (see Briggs & Kear, 1994). Preservation pre-
vents a full description of the morphology, but the best
preserved specimen shows severa appendages and
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other soft-tissue (Text-Fig. 2). At the anterior end isone
of the paired uniramous antennul ae (appendage 1), com-
prising 4 podomeres each of which is terminated with
setae. Posterior of this, and partially hidden by soft ana
tomy around the central dorsal areais the second anten-
na (appendage 2), of which two podomeres of the endo-
podite are fully visible, the proximal-most podomere of
the endopodite probably being partly hidden by other
soft tissue. The mandible (appendage 3) and maxilla
(first maxilla of some authors, appendage 4) are not
visible and are either not preserved or obscured by the
soft tissue in the central dorsal area. Posterior of thisare
the three paired “walking legs’ (appendages 5-7; appen-
dage 5 is referred to as the second maxilla by some
authors) of the thorax, some of which have been displa
ced and are resting on the ventral margin of the valve.
Each thoracic appendage comprises a basipodite and an

endopodite with 3 podomeres.
Dimensions.—
Length Height Width
(bm)  (um)  (um)
MPK12807 Carapace Femae 300 167 100
MPK12808 Carapace Male 325 150 87
MPK12809 Right vave Female 300 167 —
MPK12810 Leftvalve Femae 303 167 —
MPK12811 Carapace Femae 292 167 100
MPK12812 Carapace Male 316 150 100

Remarks—The very small size and the ornament
serve to separate this species from other members of the
genus. It resembles Semicytherura sp. 2 of Ikeya & Itoh
(1990), athough that speciesis much more heavily cos-
tate compared to the Hawaiian species. Semicytherura
tetragona (Hanai, 1957) is more highly arched compa
red to the present species, and lacks the anastomosing
margina riblets and the anterodorsal margina rib.
Semicytherura challengerae sp. nov. was found appa-
rently living interstitially, within beach sand.

Family XESTOLEBERIDIDAE Sars, 1928
Genus Xestoleberis Sars, 1866

Type species. Xestoleberis aurantia (Baird, 1838).
Combined with Xestoleberis by Brady (1868) (see also
Athersuch et al., 1989)
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Xestoleberis hawaiiensis Hartmann, 1991
(Fig. 3)
1991 Xestoleberis hawaiiensis Hartmann: 172-173,
Figs. 45-56

Material.—One female specimen (MPK 12813) from
intertidal beach sand Keawe' ula Bay on the north-wes-
tern flank of Kohala Volcano, north coast of the Island
of Hawaii (Fig. 1).

Description—Cargpace elongate, highest immediately
posterior of mid-length and longest below mid-height.
Anterior and posterior broadly rounded. Ventrd margin
draight. Dors margin arched. Anterodorsal margin
straight to weakly convex. Latera surface smooth. Normal
pores large, widely scattered. Interior not observed.

Dimensions.—

Length Height Width
(bm)  (um)  (um)

316 167 150

MPK12813 Carapace

Remarks.—Xestoleberis hawaiiensis is represented
by only a single female, which had been dead for some
time prior to collection judging from absence of soft-
parts and the borings on the lateral surface. Hartmann
(1991, figures 45 to 56) included only aline drawing of
amale valve, which is more elongate and with a deeper
ventral concavity compared to the presumed female
specimen illustrated herein. Xestoleberis hawaiiensisis
an interstial species which Hartmann (1991, page 173)
found living in coarse sediment in a sheltered embay-
ment on Big Iland. Xestoleberis curta (Brady, 1865),
recorded off Honolulu by Brady (1880), differs in
having a long, straight anterodorsal margin and being
highest towards the posterior. Xestoleberis hawaiiensis
resembles X. nana Brady 1880 (see Puri & Hulings,
1976), from the Phillipines, but differsin outline, parti-
cularly the less acutely rounded anterior margin.
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Abstract

The Recent species belonging to the eremita species group of the genus Pseudocandona
Kaufmann (Ostracoda, Candonidae) are reviewed and some morphological traits of the valves, the
limbs as well as the mode of the postembryonic development of the carapace shape analysed in the
context of their taxonomic value. Eleven species with living representatives are retained (among them
one new species is here described, and two other species are tentatively retained). The features uni-
ting these species within the group refer mainly to the details of valve morphology (triangular shape,
narrow inner lamella, faint ornamentation). The apical chaetotaxy of the second antenna and the geni-
tal morphology can be also used to characterise this group. Extant species are exclusively stygobionts
and most of them apparently display a high degree of geographic endemism. Additionally,
Pseudocandona marmonieri sp. nov. is described from groundwater in Southern France and as such
constitutes the first West European representative of the group. The new species differs from the other
members of the eremita species group mainly in the carapace shape and the morphology of the hemi-
penis.

Key words: Recent, Ostracoda, Pseudocandona, non-marine, stygobites, southern France, new species.

Resumen

Se revisan las especies actuales pertenecientes a grupo eremita del género Pseudocandona
Kaufmann (Ostracoda, Candonidae) y se analizan algunos rasgos morfologicos de las valvas en €l
contexto de su valor taxondmico. Entre los representantes del grupo se retienen once especies (entre
ellas una nueva especie, y dos especies més solo incluidas aqui de manera tentativa). Las caracteris-
ticas que ligan a estas especies dentro del grupo se refieren fundamental mente a rasgos de su morfo-
logia valvar (forma triangular, estrecha lamela interna 'y ornamentacion sutil). La quetotaxia de la
regién apical de la segunda antenay la morfologia genital pueden ser empleadas también para carac-
terizar este grupo. L as especies actual mente existentes son exclusivamente estigobiontes y muchas de
ellas muestran aparentemente un alto grado de endemismo geogréfico. Ademas, Pseudocandona mar -
monieri sp. nov. es descrita de aguas subterraneas del sur de Franciay como tal constituye el primer
representante del grupo en el occidente europeo. La nueva especie difiere de otros miembros del
grupo eremita fundamentalmente por la forma del caparazén y la morfologia del hemipene.

Palabras clave: Reciente, Ostracoda, Pseudocandona, estigobiontes, no-marinos, sur de Francia,
nueva especie.
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INTRODUCTION

The subfamily Candoninae Kaufmann is one of the
most diversified and species-rich lineages of non-mari-
ne ostracods. Recent representatives of Candoninae
lack the natatory setae on the second antennae and are
therefore benthic dwellers. They inhabit amost every
epigean fresh-water habitats and are well represented in
subterranean waters. Some species are found in weakly
brackish-waters, others even occur in humid terrestria
environments. The subfamily comprises more than 250
Recent species (Krsti€ & Shao-zeng, 2000) distributed
mostly in the Holarctic Region. The results of investi-
gations of the subtropical and tropical regions have
extended the distribution range of the subfamily to
being nearly cosmopolitan. There are much more fos-
sil species referred to the Candoninae, especialy
Tertiary ones. Swain (1999) and Krsti€ & Shao-zeng
(2000) consider that the fossil records of representati-
ves of this subfamily extend back to the
Carboniferous.

Despite a number of extensive investigations
carried out by both zoologists and palaeontologists
during the last few decades, which resulted in detailed
revisions of some genera, the taxonomy of other gene-
ric taxa remains imperfectly known and the systema-
tics of the whole subfamily Candoninae is still subject
to alot of discussion. The optimal taxonomic solution
for unifying the so far discordant palaeontological and
neontological classifications (compare e.g. classifica-
tion in Meisch, 2000 for living taxa with that of Krstic
& Shao-zeng, 2000 encompassing both living and fos-
sil taxa) should provide generathat are recognisable by
both carapace and soft-part characters.

Of about 25 Candoninae genera with Recent repre-
sentatives, 18 are in use and nearly al of them have
satisfactory diagnoses with good differential characte-
ristics (Meisch, 1996; Karanovic, 1999a, 2001).

Pseudocandona Kaufmann, 1900 is one of the
Candoninae genera with uncertain taxonomic status.
Although Meisch (1996) has recently attempted to cla-
rify certain taxonomic aspects of this genus by: (a)
introducing a new genus Schellencandona Meisch for
the species of the schellenbergi-group, (b) extracting
the Baikal species referred previously to Pseudo-
candona, (c) transferring a number of Pseudocandona
species without group assignments to the genus
Fabaeformiscandona Krstic and finally (d) establis-
hing a differential diagnosis of Pseudocandona s. str.
based aso on chaetotaxy of the cleaning leg, the genus
seems to be still rather heterogeneous and specific
relationships within it remain ambiguous. At the pre-
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sent state of knowledge, the genus Pseudocandona
sensu Meisch (1996) is best characterised mainly by
the following traits: (a) surface of adult valves smooth
or pitted and usually bearing long stiff setae, (b) male
second antenna with penultimate podomere differen-
tiated or not (when divided than with male bristles), (c)
externo-distal seta (y) on the penultimate podomere of
the mandibular palp smooth (not plumose), (d) bran-
chial plate on maxilliped rudimentary and set with 2
setae, () protopodite of the cleaning leg bearing 3 setae,
penultimate segment lacking the medial seta (f seta) and
terminal segment with 2 long and one short setae, (f)
Zenker’s organ with 7 rosettes of chitinous spikes, (g)
hemipenis with flat and weakly sclerotized M-process.

According to Meisch (1996, 2000), 35 living spe-
cies of Pseudocandona distributed throughout
the Holarctic are allocated to five species groups: the
caribbeana-, compressa-, eremita-, rostrata- and
zschokkei-groups. Recently, Karanovic (1999b) intro-
duced a sixth species group: prespica. Diagnoses of
the species groups of the genus Pseudocandona (after
Meisch, 1996, and Karanovic, 1999b) are briefly pre-
sented here:

(1) caribbeana-group: Carapace trapezoidal with
rounded anterior and posterior margins. Setal group on
the 2nd podomere of the mandibular palp with 3 setae.

(2) compressa-group: Carapace not trapezoidal or
triangular in lateral view. Setal group on the 2nd podo-
mere of the mandibular palp with 5 setae.

(3) eremita-group: Carapace triangular in lateral
view. Left valve overlapping the right one with a dor-
sal hump. Valves with shallow pitsin the central area.
Setal group on the 2nd podomere of the mandibular
palp with 3 setae.

(4) prespica-group: Carapace not trapezoidal or
triangular in lateral view. Setal group on the 2nd podo-
mere of the mandibular palp with 4 setae.

(5) rostrata-group: Carapace not trapezoidal or
triangular in lateral view. Setal group on the 2nd podo-
mere of the mandibular palp with 3 setae.

(6) zschokkei-group: Carapace trapezoidal in lateral
view. Vaveswith shallow pitsin the central area. Setal
group on the 2nd podomere of the mandibular palp
with 3 setae.

From the above-presented diagnoses it appears that
distinction of these groups relies on (a) the carapace
shape, and (b) the number of setae in the setal group
situated on the second segment of the mandibular palp.
Based solely on the latter character, two groups are
best distinguished: compressa (with 5 setag) and pres-
pica (with 4 setae). After those two groups have been
discarded, the shape of the carapace remains the only
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character alowing distinction of the remaining four
groups. Within these groups, the eremita-group seems
to be reasonably well separated by the triangular cara-
pace shape.

The main aim of this study isto analyse the selected
features used for the identification and characterisation
of the eremita-group. The morphological traits of the
valves, the limbs as well as the mode of the develop-
mental trajectory of the carapace shape and ornamenta-
tion are critically examined in the context of their taxo-
nomic vaue. In the first step, after introducing the
taxonomic history and providing the series of diagnos-
tic characteristics of the group eremita used so far, all
species assigned to this group are reviewed in respect
of their geographical distribution and ecology. Then
morphological traits of the valves of the eremita-group
are compared with five other groups of Pseudocandona
and figures of the juvenile valves of some representati-
ves from different groups of Pseudocandona are given
to trace differences in developmental trajectories.
Further on details of chaetotaxy of the second antennae
are presented for a number of species from different
groups and are checked for the constancy of the sche-
me within the groups considered. In addition to the
results of the examination of specimens, data provided
by published descriptions and illustrations were used in
this analysis. Subsequently, genital morphology (the
shape of the M-process of the hemipenis and the fema-
le genital 1obe) is considered and included in the study.
An emended differential diagnosis of the group eremi-
taisgiven. Finally, P. marmonieri sp. nov., a new spe-
cies of the eremita-group is described.

REVIEW OF THE EREMITA SPECIES
GROUP

Taxonomic history and diagnostic characteristics used
so far

The species group eremita was introduced by
Danielopol (1978, 1982). As stated by this author
(Danielopol, 1982), the following combination of fea-
tures characterise this group of species. (1) carapace
triangular in lateral view, (2) dorsal margin of the left
valve with ahump that overlapstheright vave, (3) val-
veswith shallow pits predominantly in the central valve
area, (4) carapace of medium length (0.7-1.1 mm), (5)
apical chaetotaxy of second antennae sexually dimorp-
hic: females bear 2 large claws G, and G,, one reduced
claw G, (c. Y2 x G,), 3 external z setae and G, claw
equalling 2/3 x the claw G,,; males bear reduced claws
G, and z, (annotated as G, and G,, respectively in
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Danielopol, 1982) of which z, amountsto 1/2 of G, (G,
in Danielopol, 1982), (6) male prehensile palps asym-
metrical, the right one larger than the left one, (7) clea
ning leg protopodite with 3 setae, 2nd and 3rd endopo-
dial podomeres fused, subterminal podomere bearing a
long distal setaand termina podomere with ashort seta
being larger than 1/2 of the length of this segment, (8)
furca (caudal ramus) with along posterior setaand with
dista claws bearing on their posterior margins two
groups of fine spinules, (9) Zenker’s organ with 7 rings
of spines (the distal one is funnel-shaped), (10) female
genital lobeflat in the region of the genital opening and
posteriorly with afinger-like expansion, (11) hemipenis
with a well developed inner lobe and a cornet-shaped
bursa copulatrix.

Type species and other Recent species

According to Danielopol & Hartmann (1986), the
group eremita includes eight species. the type species
Pseudocandona eremita (Vejdovsky, 1882), P. cavico-
la (Klie, 1935), P. dispar (Hartmann, 1964), P. pretne-
ri Danielopol, 1978, P. puteana (Klie, 1931), P. serba-
ni Danielopol, 1982, P. trigonella (Klie, 1931) and P.
szoecsi (Farkas, 1958) with two subspecies P. s. szoec-
s (Farkas, 1958) and P. s. pannonicola (Loffler,
1960a). However, as the morphology of the appenda-
ges of these two subspecies (originally described as
two species) is not known in detail, the specific divi-
sion is only provisionally maintained in the present
paper.

Recently, two other living species have been disco-
vered to complement our knowledge of the soft part
morphology of this group. The first of these, P. sywu-
lai Namiotko et al., 2004, has been collected in Croatia
(Namiotko et al., 2004). The second one, P. marmo-
nieri sp. nov., is described below.

Geographical distribution and ecology

Extant species of the group eremita are exclusively
stygobionts and most of them display a high degree of
local endemism (Fig. 1).

The type species of the group, P. eremita, was ori-
ginaly collected in wells at Prague, Czech Republic
(Vejdovsky, 1882). To judge from the published data,
P. eremita isawidely distributed species. Living spe-
cimens were recorded in the ground waters of 14
countries in Central and South-Eastern Europe:
Austria, Bulgaria, Croatia, Czech Republic,
Germany, Hungary, Macedonia, Poland, Romania,
Slovakia, Slovenia, Turkey (European part), Ukraine
and Yugoslavia (Fig. 1). Wolf’s (1920) record of the
species in Switzerland is dubious (discussion in Klie,
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Ficure 1-Geographical distribution of the species belonging to the eremita group of the genus Pseudocandona. 1, P. eremita
(range indicated by the shaded ared); 2. P. pannonicola; 3, P. szoecsi; 4. P. serbani; 5, P. dispar; 6. P. puteana; 7. P. sywulai;
8, P. cavicola; 9, P. trigonella; 10, P. pretneri; 11, P. marmonieri sp. nov.
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1940, and Meisch, 2000). For the review of the dis-
tribution of this species see Meisch (2000) with sup-
plementary data by Jaworowski (1893), Gilen
(1985), Kovalenko (1988) and Gido & Lakatos
(2001). However, it is not unlikely that at least some
of these reports are uncertain as only a few of them
provide indications on carapace and/or limb morpho-
logy. Therefore, the accurate description of the geo-
graphical range of P. eremita is problematic at this
moment.

Seven species of this group (Pseudocandona cavi-
cola, P. dispar, P. pretneri, P. puteana, P. sywulai, P.
trigonella and P. marmonieri sp. nov. described
below from Southern France) are so far only known
from their type localities (Fig. 1). P. cavicola is pos-
sibly endemic in the Krska cave (Klie, 1935) and P.
trigonella — in the Postojna cave, both in Slovenia
(Klie, 1931). P. pretneri was found in akarstic spring
at Rak also in Slovenia (Danielopol, 1982), close to
the type localities of P. cavicola and P. trigonella.
Pseudocandona dispar was originally described
from the Erekli cave in Turkey (Hartmann 1964).
The largest and the most elongated species in the
group, P. puteana, is only known from wells at
Skopje in Macedonia (Klie, 1931; Petkovski, 1969;
Danielopol, 1982). P. sywulai was found in the cave
Puderina Jama near Split in Croatia (Namiotko et
al., 2004).

The three remaining species of the group, which are
very smilar to P. eremita, are known from various allu-
via aquifers accessed mainly through wells: P. pannoni-
cola was collected in Burgenland, Austria (Lo6ffler
(1960a, 1960b, 1964); P. serbani, in Southern and
Central Romania (Danielopol, 1982), while P. szoecs,
originaly described from a well in surroundings of
Budapest (Farkas, 1958), was later recorded by
Petkovski (1969) in Croatia and by Sywula (1981) and
Skalski (1982), asP. eremitaf. szoecd, in Poland (Fig. 1).

Males are known for: P. eremita (single sites), P.
dispar, P. puteana, P. pretneri, P. serbani, P. sywulai,
P. szoesci (two wells in Croatia — these records are
doubtful) and for P. marmonieri sp. nov.

A small number of fossil forms were assigned to P.
eremita sensu lato (some of them as P. aff. eremita or
P. cf. eremita). They were mostly recorded from
Quaternary sediments in Croatia, the Czech Republic,
Germany, the United Kingdom and Yugoslavia (for the
review of the Quaternary distribution see Griffiths,
1995) but also from older deposits, so for instance from
the Pliocenein Turkey (Freels, 1980) and from the Late
Miocene in Slovakia (Pipik, 2000, 2001). It is questio-
nable, however, if al fossil records are valid and really
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represent P. eremita. A reappraisal of the taxonomic
allocation of these valvesisrequired by the direct com-
parison with the valves of individuals determined on
the base of their soft parts.

Morphological traits of valves

Table 1 shows the comparison of some valve morp-
hological traits of six species groups of the genus
Pseudocandona. From thistable, it can be seen that the
triangular carapace shape is a good diagnostic charac-
ter of the eremita-group. Valves of these species are
relatively high (height to length ratio usually exceeds
0.55, except P. pannonicola and P. puteana) and the
greatest height is situated at mid-length or just behind
mid-length. In the other groups the greatest height is
either distinctly behind or in front of mid-length.
Because species of the caribbeana-group have almost
straight dorsal valve margin, the greatest height is seen
at 1/3 to 2/3 of the valve length. The attention should
also be drawn to the development of the calcified inner
lamella. In the eremita-group it is narrow, anteriorly
extending typically over not more than 10% of the
valve length and usually being less than twice as wide
asinthe posterior part. It is quite unlike as in the other
groups except the zschokkei-group.

Postembryonic development of the carapace shape
and ornamentation

Figure 2 presentsillustrations of the juvenile valves
of some representatives of different groups of
Pseudocandona in order to trace differences in the
carapace shape throughout the postembryonic deve-
lopment. As can be seen, the shape of the valves and
the relative width of the inner lamella remain almost
constant throughout at |least the last 4 juvenile stagesin
representatives of the eremita-group. One can conclu-
de that adults retain a juvenile character. In the other
groups, juveniles differ in shape from those of the ere-
mita-group and the inner lamella significantly increa-
ses at the last moult, hence the adults usualy have a
significantly wider lamellathan the juveniles. It should
be added that the neotenic nature of the representatives
of the eremita-group is aso visible in the ornamenta-
tion of the valves, which are invariably faintly pitted
(mostly in the central area) in both the last juvenile sta-
ges and the adults. Conversely, juvenile valves of the
compressa and rostrata groups are always more mar-
kedly ornamented (over the whole surface) and this
ornamentation usually disappears during the last
moult, hence adult valves are normally smooth (only
rarely covered with shallow pits and when pitted than
over the entire valve).
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Ficure 2-Developmental trajectories of the carapace shape and ornamentation in some representatives of the genus
Pseudocandona. A, P. eremita (after Absolon, 1978); B, P. serbani (after Danielopol, 1982); C, P. sarsi from the rostrata-
group (after Absolon, 1978); D, P. albicans from the compressa-group (after Kovalenko, 1983). Numbers in the right
column indicate juvenile stages. Not to scale.

Although the distinction of the group-eremita based
on the morphology of valves and the developmental
trajectory of the carapace shape and ornamentation
may be justifiable, there are already several known
cases of homeomorphy in the Candoninae, as was
pointed out by many authors (e.g. Danielopol, 1982).
The triangular carapace could evolve convergently in
relation with the colonisation of the hypogean habitat.
Therefore, in the next step, features based on the soft
parts were analysed in the context of their taxonomic
significance.

Apical chaetotaxy of the second antenna

The antennae of the Candoninae are usually
sexually dimorphic in structure and chaetotaxy.
According to the model proposed by Broodbakker &
Danielopol (1982) as revised by Martens (1987), in the
adult female 3 long apical claws are usually present:
G,, G, and G,,. The modifications observed in adult
males affect mainly the claw G,, which is reduced into

a seta, and the female z, seta, which in malesis trans-
formed into a claw. Therefore, the 3 long claws seenin
themaesare G,, z, and G,, (Fig. 4B). Additionally, the
2nd and 3rd endopodia A2 podomeresin the males are
usually not fused and bear the so-called male bristles.
Table 2 summarises measurements of the relative
lengths of apical claws in a number of species from
different groups of the genus Pseudocandona. As seen
in this table, females of the eremita-group have relati-
vely long apical claws in comparison to those of spe-
cies of the other groups, especialy of the group com-
pressa. The long claws can be observed also in the
group zschokkei and to a lesser extent in the group
prespica. In the species of the group rostrata, for
which the data are available, only P. slavei Petkovski,
1969 has an atypically large claw G, (2.5 times the
length of the penultimate endopodial podomere).
Interestingly, P. lavei has atriangular carapace shape,
with the greatest high of the left valve situated just
behind mid-length (at 58% of the length in the female
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? ? ) 3 )
Species claw G, claw G, claw G, claw G,, claw z;
El+I11 El+I11 El+I11 El+I11
eremita-group
P. eremita (U, *) 25-2.7 20 22 18 short
P. cavicola (K) 45 ? - - -
P. dispar (F) 24 21 2.3 2.0 short
P. marmonieri sp. nov. (*) - - 24 2.2 short
P. pannonicola (M) 2.3-2-6 2.0 - -
P. pretneri (D) - - 41 3.6 short
P. puteana (D, J, *) 2.2 18 1517 12-14 long
P. serbani (D) 25 2.2 2.0-2.8 1.6 short
P. sywulai (R) 3.0-31 25-2.7 25 22 short
P. szoecsi (E) 22 2.0 ? ? ?
P. trigonella (C, J) 24-2.7 1.9 - - -
RANGE 2.2-45 1.8-2.7 1541 1.2-3.6 short(-long)
caribbeana-group
P. caribbeana (B) 19 14 - - -
P. cubensis (B) 16 15 - - -
P. marengoensis (C) 1.8 15 - - -
RANGE 16-1.9 1415 — — -
compressa-group
P. compressa (I, O, *) 12-14 0.9-1.0 12 0.9 long
P. albicans (L, M, *) 14-17 1113 ? ? ?
P. insculpta (A, P) 13-15 09-11 ? ? ?
P. pratensis (O, P, *) 1.3-1.6 1.0-1.2 11-14 0.8-1.0 long
P. regisnikolai (H) ? ? ? ? long
P. sucki (O) 12 0.9 ? ? ?
RANGE 12-17 0.9-1.3 1114 0.8-1.0 long
prespica-group
P. prespica (G) 2.2 18 1.8 1.6 long
rostrata-group
P.rostrata (O, T) 1.3-16 0.9-1.2 10-11 0.8 long
P. antilliana (B) 16 13 15 12 long
P. geratsi (B) 17 13 ? ? ?
P. lobipes (*) ? ? 2.6-2.9 2.2 long
P. marchica (I, *) 1516 12 1.3-15 11 long
P.sarsi (I, T) ? ? 12-1.7 0.8-14 long
P. davei (S) c.25 ? ? ? ?
RANGE 1.3-25 0.9-1.3 1.0-2.9 0.8-2.2 long
zschokkei-group
P. zschokkel (N) 3.2 29 2.7 24 short
P. delamare (C, *) 3.0 2.7 29 21 long
P. rouchi (*) 3.0 2.7 2.7 2.3 long
RANGE 3.0-32 2.7-2.9 2.7-2.9 21-24 short-long

TaBLE 2—-Comparison of the relative lengths of the selected apical claws on the second antenna (referred to the length of the anterior
margin of 2nd and 3rd endopodia podomeres combined) in six species groups of the genus Pseudocandona. Data from: A,

Bronstein (1947); B, Broodbakker (1983); C, Danielopol (1973); D, Danielopol (1982); E, Farkas (1958); F, Hartmann (1964);

G, Karanovic (1999a); H, Karanovic & Petkovski (1999), |, Kaufmann (1900); J, Klie (1931); K, Klie (1935); L, Kovaenko
(1983); M, Loffler (1960a, 1964); N, Marmonier (1988); O, Meisch (2000); P, Mdiller (1900); R, Namiotko et al. (2004); S,

Petkovski (1969); T, Sars (1925); U, Véavra (1891); *, present paper.
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and at 55% in the male), and with a narrow inner lame-
[la (width < 10% of valve length) (Petkovski, 1969).
This description perfectly fits the diagnosis characters
of the eremita-group as presented above (Table 1).
Further investigations are needed, however, to support
the transfer of this species from the rostrata into the
eremita group. Pseudocandona slavel is possibly
endemic to the lake Ohrid, where it was collected in
the littoral zone (Petkovski, 1969).

In the males of the eremita-group the apical claws
are also relatively long (except P. puteana), a character
shared with species of the group-zschokkei (Table 2).
Additionally, the z, claw in the eremita-group is redu-
ced (except P. puteana), distinctly shorter than G, and
G, (not exceeding 3/4 of the length of the G, claw and
referred to as short in Table 2). In contrast, the males of
the species belonging to the groups compressa, prespi-
ca and rostrata have a fully developed z, claw, which
is subequal to G, and referred to as long in Table 2. Of
the species of the group rostrata considered here, only
P. lobipes (Hartwig) hasrelatively large apical claws G,
and G,,; itsz, claw isfully developed. Development of
the z, claw in the species of the group zschokkei varies
consderably; in P. zschokkei it is reduced, whereas in
two other species—it isfully developed.

From these data it may be concluded that the length
of the apical claws on the second antenna is more or
less constant within the groups considered here and
may be an additional to the carapace traits important
diagnostic feature of the eremita-species group.

Genital morphology

The female genital lobes of P. cavicola, P. dispar, P.
eremita, P. puteana, P. serbani, P. sywulai and P. szoec-
s are known to be weakly developed, anteriorly usually
with undulated wrinkles (or fine folds) and posteriorly
displaying a remarkable (usually finger-shaped) exten-
sion of variable length and orientation (see Klie, 1935,
1940; Petkovski, 1969; Danielopol, 1982; Namiotko et
al., 2004). Anterior folds and finger-like extension in
some of these species are separated by aflat depression
(Danielopol, 1982). The genital lobe of P. eremita
observed by the present authors before smashing by a
cover glass shows two indistinct, fine and somewhat
laterally oriented, rounded folds (posterior one more
developed and finger-like) separated by a small depres-
sion with awell sclerotized margin. When compressed
under the cover glass, the folds sometimes do not pro-
trude distinctly beyond the margin of the central
depression and then the genital lobe gives the impres-
sion of being flat or only dightly and evenly rounded
with the wrinkled margin. Therefore, the shape of the
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genital lobe ought to be observed before making a per-
manent dide, on the entire female. The above-presen-
ted structure of the genital lobe may be diagnostic of
the species of the group eremita. In the other groups of
Pseudocandona, the genital lobe is either evenly roun-
ded (dightly or distinctly protruding) or flat and wit-
hout any distinct extensions (except P. antilliana
Broodbakker, P cubensis Broodbakker, P. stagnalis
(Sars) and P. sucki (Hartwig)).

As only a few papers provide data on the detailed
internal morphology of the hemipenis of the represen-
tatives of the genus Pseudocandona (e.g. Danielopoal,
1969) and so far particular studies devoted to variabi-
lity of this organ have not been undertaken, the preci-
se assessment of the taxonomic usefulness of the hemi-
penis features within Pseudocandona is difficult at the
moment. However, some traits may be diagnostic of
the eremita species group. In P. eremita, P. puteana, P.
serbani, P. sywulai and P. marmonieri sp. nov. the
bursa copulatrix is distinctly cornet-shaped (Fig. 6A-
B). The weak sclerotization of the distal part of the M-
process commonly seen in Pseudocandona hampers
detailed comparison of the shape of this part between
different species. It has to be pointed out, however,
that at least in P. eremita, P. serbani and P. sywulai, the
distal part of the M-process bears a conspicuously cre-
nulated appendix, despite its different shape and orien-
tation in these species. It is not unlikely that this cha-
racter is a common and unigue one of the species of
the group eremita, but this needs further study.

Emended diagnosis
Type species. Cypris eremita Ve dovsky, 1880.
Carapace of medium length (inferior to 1.1 mm),
approximately triangular in lateral view, with the gre-
atest height at mid-length or just behind mid-length (at
50-60% of the length). Height to length ratio above
50%. Left valve with a dorsal hump, larger and higher
than the right one, and overlapping the right valve at
both ends. Valves thin with a fine ornamentation con-
sisting of shallow pits mostly located in the central
area. Calcified inner lamella very narrow, anteriorly
representing not more than 10% of the valve length
and usually being less than twice aswide as in the pos-
terior part. Inner and outer margins more or less para-
llel. The shape and ornamentation of the valves aswell
astherelative width of the inner lamellaremain almost
unchanged throughout the last four stages of the pos-
tembryonic development; hence, the adults retain
juvenile characters. Sexual dimorphism in size and
shape of the carapace weakly expressed; male cara-
pace slightly larger than that of the female.
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Female second antenna with long terminal claws
G, and G,, (= 2.2x and > 1.8x the length of the penul -
timate segment, respectively).

Male second antenna: 2nd and 3rd endopodial
podomeres fused or not (when fused then with male
bristles); G, and G,, claws relatively long (generally
> 2.0x and = 1.6x the length of the 3rd and 4th endo-
podial segments combined, respectively); z, claw
relatively short (not fully developed), usually not
exceeding 3/4 of G, (except P. puteana).

Mandibular palp bearing 3 setae in the setal group
situated on the 2nd segment.

Cleaning leg: distal seta of the subterminal seg-
ment (seta g) long; apical segment with two long (h2
and h3) and one short seta (hl).

Female genital lobe with two fine folds (the poste-
rior one markedly more developed) separated by a
flat depression or weakly developed and evenly roun-
ded.

Hemipenis: three lobes (a, b, h) well developed;
M-process with a broad proximal plate, central part
contracted and distal part weakly sclerotized,
variously shaped, and often crenulated; bursa copula-
trix cornet-shaped.

The group includes 11 nomina species.
Pseudocandona cavicola (Klie, 1935), P. dispar
(Hartmann, 1964), P. eremita (Vg dovsky, 1882), P. mar-
monieri §p. nov., P. pannonicola (L &ffler, 1960a), P. pret-
neri Danielopol, 1978, P. puteana (Klie, 1931), P. serba-
ni Danielopol, 1982, P. sywulai Namiotko et al., 2004, P.
szoecs (Farkas, 1958) and P. trigondla (Klie, 1931). It
has to be emphasised that the chaetotaxy of the cleaning
leg of P. pretneri and P. trigonella is not known, therefo-
rethesetwo speciesare only provisionaly retained in the
eremita-group. Furthermore, the gradational nature of
the characters used for distinguishing P. pannonicola, P.
szoecs and P. serbani from P. eremita makes it highly
likely that the different name-bearing types of these
nomina taxa actualy belong to P. eremita. Although
these names could be subjective synonyms at the rank of
species, they do not need to be synonyms at a subspecies
or infrasubspecific rank, as already suggested by L 6ffler
(1964) who considered P. pannonicola a subspecies of P.
eremita, and Sywula (1981) who deemed P. szoecs a
form of P. eremita. As the taxonomic relationships bet-
ween these species require clarification, forthcoming
studies will be devoted to inter- and intrapopulational
variability of these taxa.

Final remarks
From the above-presented datait may be concluded
that the studied morphological characters appear cons-
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tant within the group eremita. The differences between
this group and five other species groups of
Pseudocandona alow fairly easy distinction of the
species belonging to the group eremita. However,
there are a number of non eremita-group species in
Pseudocandona, which share some characters with the
species of that group. Furthermore, many of the cha-
racters presented in the emended diagnosis of the
group eremita display continuous variability and it is
possible that the evolution of these traits was gradual
and liable to convergence. It seems that species of this
group are neotenic with respect to some features of the
carapace and the underdevelopment of the mae z,
claw of the second antenna, which would be a deve-
lopmental strategy for adapting to the groundwater
habitat or, aternatively, aresult of the life in the ener-
getically poor groundwater system. It has also to be
emphasised, that not all species of Pseudocandona
have been yet thoroughly examined regarding the traits
considered here and till intraspecific variability of
various traits is hardly known. For this reasons, it is
difficult to establish the generic rank of the traits men-
tioned above. On the other hand, the group eremita is
the only one in the genus Pseudocandona sensu
Meisch (2000) that has been separated and used com-
monly by palaeontologists, either as a subgenus,
Candona (Typhlocypris) Vejdovsky (e.g. Triebel,
1963; Krsti€, 1993), or as a separate genus,
Typhlocypris Vejdovsky (e.g. Sokac, 1978), whereas
the species of the groups compressa and rostrata (as
defined above) have been generaly assigned to the
genus Pseudocandona by palaeontologists. However,
the palaeontological concept of Typhlocypris has been
so broad as to encompass also other triangular
Candoninae species, which in the opinion of neontolo-
gists belong to separate genera according to characters
of either the soft parts or the carapace, so for instance
Fabaeformiscandona aemonae (Klie) or Schellen-
candona triquetra (Klie) (Meisch, 2000). The name
Typhlocypris at the rank of a subgenus or genus has
been used by a few neontologists too (e.g. Sywula,
1974; Kovalenko, 1988), although most of the modern
zoologists consider Typhlocypris an older but unused
synonym of Pseudocandona (Meisch, 2000). This
view was adopted also in the present paper because of
a better characterisation of the type species of the lat-
ter genus, i.e. the presence of generic traits also for the
male, which is not true for the type species of the
genus Typhlocypris, i.e. T. eremita.

As at present we cannot provide reliable diagnostic
characters based on soft parts for assigning the group
eremita the rank of a genus, in order to avoid confu-
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sion as well as for stability of the nomenclature we
decided, in contrast to our earlier presentation at the
5th European Ostracodologists Meeting in Cuenca,
Spain (Namiotko & Danielopol, 2003), to maintain the
eremita-group (as defined above) within the genus
Pseudocandona sensu Meisch (2000). Future studies
based on both the carapace and limbs (possibly on
molecular descriptors too) should focus on inter- and
intraspecific variation to verify if thislineage deserves
a separate generic status. If so, then the name
Typhlocypris Vejdovsky, 1882, should be reassessed
and restricted to the species of the group eremita as
discussed above.

SYSTEMATIC DESCRIPTIONS

In the systematic part of this paper the chaetotaxy
of the limbs was coded according to the model propo-
sed by Broodbakker & Danielopol (1982), as revised
for the second antenna by Martens (1987), and exten-
ded to the thoracopods by Meisch (1996). Names for
the limbs were used according to Meisch (2000). The
nomenclature of Danielopol (1969), as reviewed by
Meisch (2000), was used for the morphology of the
hemipenis.

Class OstracoDA Latreille, 1806
Order PobocoripA Sars, 1866
Suborder PobocoriNA Sars, 1866
Infraorder CypPriDOCOPINA Jones, 1901
Superfamily CyPRIDOIDEA Baird, 1845
Family CANDONIDAE Kaufmann, 1900
Subfamily CANDONINAE Kaufmann, 1900
Genus Pseudocandona K aufmann, 1900
Pseudocandona marmonieri sp. nov.
(Figs. 3-6)

Derivatio nominis—The new species is named in
honour of Dr Pierre Marmonier (Biological Station at
Paimpont, University of Rennes|, France) for his outs-
tanding contribution to the knowledge of the stygobi-
tic ostracods. The name is a noun in the genitive case.

Type material.—Holotype: a male with limbs dissec-
ted in glycerine and mounted on a permanent slide; |eft
valve stored dry in a micropalaeontologica cell.
Paratypes. three males dissected and stored as the
holotype (nos. 1-3) and one not dissected male with
the broken carapace preserved on ethanol tube (no. 4).
Deposition: the holotype and three paratypes (nos. 1-2,
4) are housed at the Limnological Institute of the
Austrian Academy of Sciences (Mondsee). One dis-
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Ficure 3—-A-C, Pseudocandona marmonieri sp. nov. A,
paratype no 1, left valve viewed laterally; B, paratype no
3, right valve viewed laterally; C, paratype no 3, carapace
in dorsal view. Scale: 0.5 mm.

sected paratype (no. 3) mounted on aslide islodged at
the University of Gdansk (the collection of the first
author).

Type locality—The site is situated in southern
France within the karstic area of the Plateau
d'AnglarssAmiel, Massif des Causses (Departement
du Tarn, Commune de Penne). The materia was
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collected in 1984 by Claude Bou (Albi) within the of theLV roundly arched with ahump that overlapsthe
cave Amiel at the site LMO (figure 5 in Bou, 1999). RV. Greatest H of LV located just behind mid-length,

Diagnosis—Small representative of the eremita- at c. 54% of valve L. Calcified inner lamella at the
species group of the genus Pseudocandona with arela  anterior end of the LV amounting to c. 9% of L. 2nd
tively high carapace (H/L = 0.62-0.64). Dorsal margin  and 3rd endopodial podomeres of A2 in males separa-

Ficure 4-A-E, Pseudocandona marmonieri sp. nov., holotype. A, antennule; B, right antennain interna view; C, details of api-
cal chaetotaxy of the right antenna; D, mandibular palp; E, maxillular palp. Scale: 100 pm.
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9

Ficure 5-A-E, Pseudocandona marmonieri sp. nov., holotype. A, right maxilliped; B, left maxilliped (setal group of the distal
part of endite not shown); C, caudal ramus; D, walking leg; E, cleaning leg. Scale: 100 um.

ted and with male bristles; the largest claw (G,) of Elll  (G,,) of the terminal podomere c. 3.5x the length of the
of this limb equalling 3.8-3.9x, and the maor claw anterior margin of Ell. Posterior setaon Pr of A2 lar-
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[a] b

Ficure 6-A-C, Pseudocandona marmonieri sp. nov. A, holotype, right hemipenis, internal view; B, paratype no 2, interna
details of right hemipenis viewed internally: spermiduct (d1-d4), bursa copulatrix (€), muff (f) and proximal part of M-pro-
cess (distal part broken); C, paratype no 3, M-process of right hemipenis, internal view. Scale: 100 um.

ger than the anterior margin of El. Cleaning leg 4-seg-
mented, Ell and Elll fused, short terminal seta (h,)
hook-like and recurved basaly. Media lobe (h) of
hemipenis with a distinct rounded expansion oriented
to the postero-ventral end of the body.
Male.

Carapace viewed dorsaly (Fig. 3C) moderately
compressed, sub-obese, with greatest W inferior to 1/2

L (c. 43% of L), and situated just behind mid-length
(56-57% of L). Anterior end weakly pointed, posterior
end moderately rounded; LV overlaps RV at both
extremities. LV (Fig. 3A) relatively high (H/L = 0.62-
0.64) and triangular in lateral view with greatest H
located just behind mid-length (54% of valve L).
Dorsal margin roundly arched with a hump that over-
laps the RV. Ventral margin slightly concave. Calcified
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part of the inner lamella narrow, on the anterior end
amounting to 9% and on the posterior end to 4-5% of
L. RV (Fig. 3B) similar in outline to the LV but sma-
[ler and lower (see measurements below), with the gre-
atest H situated at 58% of L and with almost straight
and then dslightly concave antero-dorsal margin. Fused
marginal valve zone narrow, with straight, short and
dense radia pore canals. Valves whitish, with mostly
smooth surface (rare shallow pits can be found only in
the central area) and covered with setae located mainly
on the anterior and posterior areas. Central muscle scar
arrangement typical of the tribe Candonini.

Dimensions.—Holotype LV: L = 0.81 mm, H = 0.52
mm, H/L = 0.64. Paratypes LV: L = 0.77-0.80 mm (n
=4), H = 0.48-0.50 mm (n = 3), H/L = 0.62-0.63 (n =
3); RV:L =0.76-0.78 mm (n=2), H =047 mm (n =
1), H/L =0.60 (n = 1).

Antennule, A1 (Fig. 4A). 1+11: A-2l, P-21 / 111: A-
Im/IV: A-Im/V: A-2l, P-Im/ VI: A-2l, P-1m/ VII:
A-1m-2, P-11 / VIII: D-y_-1l(cs)- 2I. The largest ante-
rior setae on the penultimate podomere c. 2.7-2.9x the
L of the ramus (the last five podomeres combined).
Aesthetasc y, 2.9-3.2 times as long as the terminal
podomere. Relative lengths of the posterior margins of
the last 5 distal podomeres (IV-VIII) as: 1.0: 1.1-1.2 :
1.3:1.5: 1.4, L/W of these podomeres, from proximal
onwardsas: 1.0, 1.2, 1.9, 2.9-3.1, 4.1-4.3.

Antenna, A2 (Fig. 4B-C). Pr: P-1l / Exo: D(Ex)-2s-
1l / El: P-Y, P(D)-2m / Ell: A(D)-1s, P-y,, D(In)-
25(t,,t,)-2m(t,,t)) / Elll: D(P)-y,, D(A)-1I(G,), D(EX)-
28(2,,2,)-1m(z,:G), D(In)-1m(G,)-1m(G,) / EIV:
D(A)-1(G,,), D(P)-y,+1m, D(In)-1m(G_), D(In)-1m.
Endopod 4-segmented, and the relative L of the ante-
rior margin of El : Ell : Elll : EIV as: 1.0: 0.40: 0.25
. 0.18. Aesthetasc Y equalling c. 0.4 of El (the sensory
part of this organ represents 41-42% of itsL). Setaet,
and t, transformed into sub-equal male bristles (t,
sightly larger than t,) and their lengths represent c. 0.8
of the length of EI; t, short (0.4), t, rudimentary (0.1).
Relative lengths of claws, some setae and the remai-
ning aesthetascs compared with the L of El as: G,
(claw) = 0.5, G, (claw) = 1.7, G, (seta) = 0.5, z, (claw)
=0.9-1.0, z, and z, (setae) = c. 0.45, G,, (claw) = 1.5,
G, (claw) = 0.5-06,y, = 0.2, ¥, = 0.2, y, = 0.7-0.8
(sensory part 16-19% of itsL).

The mandible, Md (Fig. 4D) consists of the coxal
plate and a 4-segmented palp (Mdp). Coxa typically
elongated and heavily chitinized with the masticatory
part bearing one plumed seta, seven strong teeth inters-
paced with sets of diverse setae and one lateral seta.
Mdp: I In-15(a)-18(S,)-1m-1m(S)) / 1I: Ex-2m, In-
1s(B)-4m/ I1I: Ex-1m-2, In-1s-1m, D-1m(y)-1m/ IV:
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D-17-2m-2m(G). First podomere externally with the
exopodite plate. Setal group on the 2nd podomere with
3 setae. Externo-distal 6 seta on 3rd podomere smooth.
Anterior claw of the terminal podomere amounting to
1.6 and posterior to 1.4 of the L of the 3rd palp podo-
mere. The relative L of one distal seta on the 4th palp
podomere could not be determined.

Maxillule, Mx1 (Fig. 4E) with a branchial plate, 3
masticatory processes, and a 2-segmented palp: |: Ex-
Im3l / 11: D-3m1?-2m(cs). The relative L of one distal
seta on the 2nd palp podomere could not be determined.

Maxilliped, L5 (Fig. 5A-B). Pr bearing one ante-
rior ‘d seta and two exterior setae ‘b’ and ‘d'.
Masticatory process (endite) apically with a group of
14 setae. Exo plate bearing two filaments, one longer
and flexible and one shorter and stiff. E developed
into asymmetrical, prehensile palps. Right palp (Fig.
5A) more developed, distally helmet-shaped; left one
(Fig. 5B) slender.

Walking leg, L6 (Fig. 5D). Pr: A(D)-1s(d) / El:
A(D)-1s(e) / Ell: A(D)-1s(f) / Elll: A(D)-2s(g) / EIV:
P-1s(h,), D-1s(h))-1I(h,: G). Terminal claw (h,) serra-
ted and equalling 3.1 of the length of EIl.

Cleaning leg, L7 (Fig. 5E). Pr: Ex-2m(d,,d,), In-
1(dy) / EN+11: P-1m(g) / EIV: D-1s(h,)-1l(h,)-1I(h,).
Cleaning leg 4-segmented, Ell and Elll fused. Relative
lengths of three apical setae as: h, = 0.1-0.2, h, = 1.1,
h, = 1.6. Seta h, hook-like and recurved downwards.

Caudal ramus, CR (Fig. 5C). Ratio of lengths of ante-
rior margin, s, G,, Gp, S, and the distance between inser-
tion pointsof s and G_as: 100 : 12-13: 77-79 : 65-68 :
38-39: 28-29, Digtal cfaws serrated and strongly curved.

Zenker’s organ with 7 internal rings of spines, its
length represents c. 30% of the carapace L.

Hemipenis (Fig. 6A-C). Outer lobe (a) sub-rectan-
gular. Inner, shortest lobe (b) wide, distally flat and
postero-dorsally dlightly reaching beyond the medial
lobe. Medial lobe (h) well developed, distally broadly
rounded, with a distinct, rounded and weakly slanted
expansion oriented to the postero-ventral end of the
body. M-process with a broad proximal plate, a con-
tracted central part, and aweakly sclerotized and elon-
gated distal part (Fig. 6A, C). Bursa copulatrix elonga-
ted and cornet-shaped (Fig. 6A-B).

Female—Not found.

Distribution and ecology.—The new species is
known only from the type locality, where it was collec-
ted in the cave Amiel at the site LMO (Bou, 1999). The
site is a subterranean spring (“griffon”) discharging
water from the surrounding karst system. The spring
remains active during periods of low water stands
when the gallery is accessible for exploration.
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Ostracods were caught by the long-term (several days)
permanent filtering of the LMO exurgency. Along this
stygobitic ostracod species, during the same period of
sampling, a very diverse amphipod fauna was also
collected at the site (C. Bou pers. comm. to D. L. D.).

Remarks.—Pseudocandona marmonieri sp. nov. dif-
fers from its congeners belonging to the eremita species
group by the morphology of the hemipenis, mainly by
the presence of the characteristic postero-ventral expan-
sion of the media lobe (Fig. 6A). The conspicuousy
triangular shape of the carapace viewed lateraly (H/L =
0.62-0.64) makes P. marmonieri sp. nov. similar to P.
dispar, P. pretneri and P. trigonella (H/L ratio in those
speciesisin the range of 0.62-0.67). However, P. dispar
is a larger species (L of maes = 0.95-0.97 mm;
Hartmann, 1964), and P. pretneri lacks male bristles and
separation of Ell and Elll of A2 (Danielopol, 1982).
Since P. trigonella was described from only one female
(Klie, 1931), this precludes a comparison of the genita
morphology of that species and the new one. P. trigone-
llaiis aremarkably small species (L = 0.55 mm), having
an extremely large claw (h,) on EIV of L6 and areaso-
nably long and straight (not hook-like) setah, on EIV of
L7 (Klie, 1931). The new species cannot be confused
also with the remaining species of the eremita group, for
which the H/L ratio of the carapaceis< 0.6. Males of P.
eremita, P. puteana, P. serbani, P. sywulai and P. szoecs
have a hemipenis with a differently shaped media lobe
(Klie, 1931, 1940; Petkovski, 1969; Danielopol, 1982
Namiotko et al., 2004). The maes of P. cavicola and P.
pannonicola remain unknown; however the females of
the first species have separated Ell and Elll of L7 and a
gently arched (not hook-like) seta h, of this limb (Klie,
1935), whereas females of the second one arelarger (L =
0.86-0.90 mm) than P. marmonieri sp. nov. and, seen
lateraly, have amore rounded dorsal and dorso-posterior
margin on both valves (L 6ffler, 1960a, 1964).
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Abstract

The oak forest of Polesye is an example of the deciduous wood areas of Western Europe, which
covered large parts in many European countries and were transformed due to industrial and agricul-
tural use during past centuries. Vast expanses of the relict oak forest in the floodplain of the Pripyat
River (National Park “Pripyatski”) are pristine and uninhabited and human influence is negligible.
The area maintains many diverse water ecosystems (temporary pools, brooks, ponds, bogs, oxbow
lakes). The main sources of natural disturbance are flooding and droughts in some years. This inves-
tigation of 23 reservoirsin the extremely dry year of 2002 showed their rich and diverse flora (>200
species) and fauna (>420 species). Hydrochemical parameters of the investigated pools were measu-
red in situ during the sampling and demonstrated considerable variability, for example in pH (6.1-
8.8), conductivity (41.1-410 pS/cm), temperature (9.6-28.4°C), oxygen (0.38-14.1mg/l), hardness
total and carbonate (0.4-3.6 mmol/l), NH,* — (0-0.6 mg/l), NO,” — (0-0.01 mg/l), NO, — (0-5 mg/l), PO,*
(0-0.75 mg/l). The species richness of Ostracoda in the reservoirs investigated totaled 27 species
(6.3% of the total fauna community composition). The Ostracoda assemblages consisted of 2-6 (tem-
porary pools, bogs), 6-12 (brooks), 7-10 (ponds), 17-19 (oxbow lakes) species. Species number corre-
lated primarily with the chemical composition of the pools (hardness, conductivity and so on). The
total species number in the reservoirsin the relict oak forest is 64% of the total Ostracoda list for the
Pripyat floodplain area.

Key words: National Park “Pripyatski”, Belarus, landscape, diversity, species richness, environ-
mental factors, freshwater ostracods assemblages.

Resumen

El bosque de robles de Polesye es un g emplo de areas de madera caducifolia de Europa occiden-
tal, que cubre amplias areas de muchos paises europeos y que fueron transformados debido a uso
industrial y agropecuario durante los siglos pasados. Vastas areas del bosgue relicto deroblesdelalla
nura de inundacion del rio Pripyat (Parque Nacional “Pripyatski”) permanecen pristinas e inhabitadas
y lainfluencia humanaen ellas esinapreciable. El area mantiene diversos ecosi stemas acuéticos (char-
cas temporales, arroyos, pantanos, turberas y lagos oxbow). La mayor fuente de alteracién natural son
las inundaciones y sequias de algunos afios. Esta investigacion de 23 reservorios en € afio extrema-
mente seco de 2002 muestra su ricay diversa flora (>200 especies) y fauna (>420 especies). Los pard
metros hidrogquimicos de |os cuerpos acuosos investigados fueron medidos in situ durante el muestreo
y ofrecieron una variabilidad considerable. Asi, por giemplo, en & pH (6.1-8.8), la conductividad
(41.1-410 pS/cm), temperatura (9.6-28.4°C), oxigeno (0.38-14.1mg/l), dureza total y carbonato (0.4-
3.6 mmol/l), NH,* (0-0.6 mg/l), NO,” (0-0.01 mg/l), NO, (0-5 mg/l), PO,* (0-0.75 mg/l). Lariqueza
especifica de los Ostracoda en |os reservorios investigados totalizan 27 especies (6,3% del total de la
composicion faunistica de la comunidad). L as asociaciones de Ostracoda consisten en 2-6 especies de
charcas temporalesy turberas, 6-12 de arroyos, 7-10 de pantanosy 17-19 especies de lagos oxbow. El
numero de especies se correlaciona principalmente con la composicion quimica de las aguas (dureza,
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conductividad y otros). El nimero total de especies en losreservorios del bosque relicto de robles cons-
tituye el 64% del total delos ostréacodos referidos en € areade lallanuradeinundacion del rio Pripyat.

Palabras clave: Parque Naciona “Pripyatski”, Bielorrusia, diversidad, riqueza especifica, facto-

res ambientales, ostracodos de agua dulce.

INTRODUCTION

The interest in flora and fauna of the natural undis-
turbed riverine zones and river floodplains is due to
social, political and economical strategy in many
countries, which try to protect global biodiversity, to
reconstruct some disturbed areas (Fittkau & Reiss,
1983; Buijse et al., 2002), and to support water quality
(Gilliam, 1994). Some of the very natural components
of the floodplain landscape are the Belarussian relict
oak forests in the South of country (Polesye region).
The oak forests of Polesye are remainders of the deci-
duous wood area of Europe, which covered huge terri-
tories of many European countries many centuries ago
(Yurkevich et al., 1977).

In spite of the fact that the Polesye’ floodplain relict
oak forests cover arelatively small part of the Polesye
area, they are of great importance to water quality and
protection of the soil. Oak forests are also of signifi-
cant recreational importance thanks to their ability to
clean air of dust and to produce oxygen: oak |leaves
have the highest value of phytoncyde activity of all
wood species (Novoseltsev & Bugaev, 1985). The oak
forests regulate the hydrological regime, reducing the
surface drainage and shifting it to underground draina-
ge. There is no doubt that the oak forests are very
important as a biosphere element of the huge Polesye
area.

The Polesye area is particularly scientifically inte-
resting since it contains species from various climatic
regions (western and eastern Europe, southern steppes
and northern coniferous forests), and natural lowland
ecosystems are very rare in Europe.

There are various types of water ecosystem in the
Pripyat River floodplain (oxbows, lakes, springs, ponds,
brooks, temporary water bodies, bogs and wetlands),
which are fed by precipitation (rain and snow), soil and
underground waters and flooding waters aswell asover-
land flow from neighbouring forests and upland bogs. It
seems that both the water sources and the soil character
as well as hydrochemical characteristics determine the

species composition and fauna richness of the pools
(Nagorskaya & de Jonge, 2002; Nagorskaya et al.,
2002; Nagorskaya & Keyser, 2004).

Floodplain relict oak forestsinclude al types of the
water bodies named above and are an important ele-
ment of the floodplain landscape structure (Yurkevich
et al., 1977). However, there was no information on
the aquatic invertebrates, including Ostracods, inhabi-
ting their reservoirs.

The goals of the present investigation were:

— to give insights into the morphological, hydro-
chemical and biotic characteristics of the
various types of water bodies in the floodplain
relict oak forest.

— to characterise their Ostracod assemblages.

AREA OF INVESTIGATION

The Polesye lowland is situated in the north-west
Ukraine, the south of Belarus and the western area of
the Bryansk region, Russia. It has an altitude of 100 -
200 m. The lowland developed on an ancient
Paleozoic tectonic basin, filled in by more recent depo-
sits of different geological eras. The modern surface of
the lowland was formed by the deposition of sandy and
sandy clay of both fluvio-glacial and aluvia origin
with occasional moraine inputs such as clay sands and
loam (Vozniyachuk et al., 1972).

During the Paleozoic period, the Polesye lowland
underwent many movements. It was abottom of amari-
ne basin during foundering periods, while during uphe-
aval periodsit was lowland. The maximal seaextension
was during the Oligocene and by the end of that era (20-
25 million years ago) sea retreated. Both erosive and
accumulative processes prevailed during the Neogene.
Finaly, the glacial Quaternary period superimposed the
line of gradua changes of the landscape during four
advances and retreats of glaciers (Machnach et al.,
1975). The outlet of the ancient lakes was via streams
directly to the Pripyat River (Dementiev, 1956). The
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inflow rivers to the ancient lakes continued to flow
during the RissWilrm interglacial, diminishing in
flow rate by natural drainage. Therefore the connection
between the river basins of Middle and Southern
Europeisvery ancient and was of one of the reasonsfor
exchange of aquatic water fauna and flora.

The Pripyat Polesye is located within the region deli-
mited by the basin of the Wida River from the West, the
Dnyepr River from the East and the Mozyr - Volyn area
from the South. The northern part of the Polesye lowland
is named the Belarussian Polesye and covers 58,000 sg.
km. The area is a uniform plain with only a 20-meter
dope adong the Pripyat River flow over a distance of 300
km, from the Dnyepr-Bug channd to the Mozyr area. The
interfluvial territories are heterogeneous and range from
dry sand lowlands with forests and bushes to peatlands
and lowland bogs. Theselands are characterised by ahigh
ground water levels and are covered with wet ader-birch
forestsand alder-osier bushes. The oak forests are 10% of
the total forests of the area. At the same time, this area
comprises 64% of the total floodplain oak forest of
Belarus (Yurkevich et al., 1977).
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DESCRIPTION OF SAMPLING SITES

Samples were taken from 16 different types of water
body in the Gomel area of Belarus during 3 months of
2002 (Table 1, Fig. 1). In total 25 biotopes were inves-
tigated. The study areawas located 5-15 km E from the
village Hlupin (28°10' E-51°59'N) and 35 km E of the
town Turov (Fig. 1). Human influence in the region is
dight. Drainage is natural, resulting in a very high
water table. The floodplain is used only for the grazing
of cattle. Vast expanses of marsh and forest in the
watershed are pristine and uninhabited.

MATERIALS AND METHODS

34 samples were collected in May, July and
September 2002. Qualitative samples were taken for
total benthos, where ostracods were a constituent part
of the community. Benthos was sampled with a 180 um
mesh hand dredge net, which was dragged over the bot-
tom surface to a depth of 3-5 cm. The total sample

NN of pool Legend for Fig.1 The type of pool

1 PIT1 Pit

3 BR3 Brook temporary

4 PO4 Pond

5 TP5 Temporary pool in the oak forest
6 TP6 Temporary pool in the oak forest
8 TP8 Temporary pool in the oak forest
9 TP9 Temporary pool in the oak forest
10 (1) BR101 Brook (drift)

10 (2) BR102 Brook (peaty zone)

10 (3) BR103 Brook (pond zone)

11 (1) LLB111 Liuben Lake, st.1, S shore

11 (2) LLB112 Liuben Lake, st.2, N shore

14 LCR14 Carasino Lake, S shore

15 BOG15 Boggy land S from Carasino Lake
16 LCR16 Carasino Lake, W edge of the lake
17 (1) 0OX171 Oxbow, st.1

17 (2) 0OX172 Oxbow, st. 2

18 0OX18 Oxbow

19 BOG19 Boggy lands near a canal

20 PO20 Pond in the forest

21 TP21 Temporary pool in the oak forest

TaBLE 1-The sample sites in the area of investigations.
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5

FiGUure 1-A, the map of Belarus; B, the schema of sampling sitesin avicinity of the Hlupin village (legends of sampling sites,
see Table 1).

Std. Std.
Variables Valid N Mean Minimum Maximum  Dev. Error
pH 32 6.91 5.04 8.78 0.61 0.11
T,°C 32 18.4 9.6 284 3.8 0.7
CONDUCT, pnS/icm 32 220.4 41.1 410 102.1 18.1
TDS, mg/l 32 111.0 20.6 216 52.0 9.2
0,, % 32 58 0 147 35.7 6.3
0,, mg/l 32 51 0.38 14.1 32 0.57
HARTOTD, °dH 32 7.1 2.1 12 2.62 0.46
HARTOTM, mmol/| 32 1.3 04 2.2 0.48 0.08
HARCARD, °dH 32 5.8 0.9 10.2 2.85 0.50
HARCARM, mmol/| 32 2.1 04 3.6 1.01 0.18
NO, -, mg/l 32 0.00 0 0.013 0.00 0.00
NO, -, mg/l 32 0.9 0 5 1.98 0.35
PO, ¥, mg/l 32 0.2 0 15 0.34 0.06
NH, *, mg/l 32 0.04 0 0.6 0.15 0.03

TaBLE 2-Descriptive statistics of the hydrochemical variables.
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including all replicates (from 1 to 6 replicates, depen-
ding on the sediment type) was washed through a set
of sieves of mesh size 1.0, 0.5 and 0.25 mm. Separate
taxa were fixed with 70% alcohol in tubes. In the labo-
ratory we divided taxa, identified species and estima-
ted the species number and their relative abundance.

Morphology of pools, vegetation type and the cha-
racteristics of the bottom sediments were also descri-
bed for every sample site.

Measurement of hydrochemical parameters was
performed in situ during the sampling with the
Hydrochemical express laboratory (MerckR) (O,, hard-
nesstotal and carbonate, NH,*, NO,", NO,, PO,*), and
Corning® Checkmate System (pH, temperature, oxy-
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FIGURE 2-A, the cluster tree of different sampling sites based
on a set of environmental factors: hydrochemical varia-
bles, characteristics of water bodies (permanent or tempo-
rary; lotic or lentic); B, the species number in the different
type of pools.
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gen saturation and conductivity). Correlations of
hydrochemical parameters, water body type and spe-
cies number were carried out.

Habitat-based methods were used. These are species
inventory and evauation (ostracods species/rank/abun-
dance), habitat variables anayses and evauation.

All datawere combined in amatrix and were analy-
zed in Excel spreadsheet format. The data analysiswas
carried out using the STATISTICA 5.5 software pac-
kage for Windows.

RESULTS

The hydrochemical parameters (Table 2) varied in a
wide range from very soft (temporary pools and a pit)
to moderately mineralized (lakes) water bodies. The
cluster analyses (Fig. 2A) based on hydrochemical
variables and morphological-physical characteristics
allow usto divide all sampling sitesin 4 groups:

Cluster 1 consisted of spring sampled water bodies
of various types, not including the pit and temporary
pooals,

Cluster 2 joined temporary pools;

Cluster 3 described three months' samplings of the
pit;

Cluster 4 were mainly lakes sampled during the
drought (in July and September).

The number of ostracod species varied in the diffe-
rent types of pool, from 4 (temporary pools) to 21
(lakes) species (Fig. 2B). There is no doubt that the
species number in these water bodies was determined
by the duration of the water phase. Temporary water
bodies began to dry in the middie of May, while |akes
and oxbows, in spite of the sudden water level reduc-
tion at the end of summer, had a depth of 0.3-0.5
metres from the water surface to sediments.

The investigation of 16 reservoirs in the extremely
dry year 2002 displayed their rich and diverse flora
(>200 species) and fauna (>420 species). The species
richness of Ostracoda in the reservoirs investigated
came to 27 species (6.3% of the total fauna composi-
tion) (Fig. 3). At the same time the character of the
community structure was similar to that of other flo-
odplain pools (Nagorskaya et al., 2002).

The total number of ostracod species in water
bodies of the relict oak forest form 64% of the total
Ostracoda list for the Pripyat floodplain area
(Nagorskaya & de Jonge, 2002) (Table 3). The reason
that not many species were found could be due to both
the drought (and loss of biotopes) and the specific cha
racteristics of the sediment substances.
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Ficure 3-The percentage of species number in different taxa: (A, B, benthos; C, D, crustaceans) from A, C- the Pripyat River

floodplain, B, D- therelict oak forest.

The total ostracods species number in every sam-
pling site significantly correlated mainly with the cha-
racteristics of the water chemistry of the pools (con-
ductivity, hardness) and with the pool type (Table 4). It
appears to be an indirect correlation through the dura-
tion of the water phase in the pool, which influences
the species life cycles and the water layer depth, and
thereby the water temperature regime.

The Ostracoda assemblages (Table 5) consisted of 2-
6 (temporary pools, bogs), 6-12 (brooks), 7-10 (ponds),
17-19 (oxbow and lakes) species. Together with com-
mon species, which were found in more than 50% of
pools, some ostracods were more rare for this area and
were found in only one or two of the pools studied
(Table 3), for example, Fabaeformiscandona acumina-
ta (the Liuben Lake LLB 112), F. balatonica (brook
BR101), F. protzi (the Liuben Lake LLB111),
Limnocythere stationis (P T1), Pseudocandona marchi-
ca (the Liuben Lake LLB112) and Ps. rostrata (the

Carasino Lake LCR14), Metacypris cordata (the
Carasino Lake LCR14), Eucypris pigra (only in brooks
BR3 and BR101). It is remarkable that a few common
species were found only in two sampling Sites, as
Cyclocypris ovum (temporary pool TP9 and pond PO4),
Cypria exsculpta (the Carasino Lake LCR16 and a
boggy part of brook BR103) as well as F. fabaeformis
(brook BR3 and Liuben Lake LLB112).

Despite arelatively low ostracod occurrence in some
local patches, the area of the floodplain relict oak forest
exhibited much higher species richness than we expec-
ted for such an unusualy dry year and concomitant
unfavorable conditions in the water bodies of the area.

DISCUSSION

Research into biota of aquatic systemsis of interest
to the study of the function of unstable ecosystems
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Pl OF (species occurrencein the area)

Species number % of

of pools pools
Family CANDONIDAE KAUFMANN, 1900
Candona candida (O. F. MULLER, 1776) X X 2 12.5
Candona lindneri PETKOWSKI, 1969 X
Candona neglecta SARS, 1887 X X 3 18.75
Candona weltneri HARTWIG, 1899 X X 5 31.25
Candona juv. X X 7 43.75
Fabaeformiscandona acuminata (FISCHER, 1851) X X 1 6.25
Fabaeformiscandona balatonica (DADEY, 1894,) X 1 6.25
Fabaeformiscandona fabaeformis (FISCHER, 1851) X X 2 12.5
Fabaeformiscandona fragilis (HARTWIG, 1898) X X 3 18.75
Fabaeformiscandona hol Zkampfi (HARTWIG, 1900) X
Fabaeformiscandona protzi (HARTWIG, 1898) X X 1 6.25
Fabaeformiscandona juv. X X 3 18.75
Pseudocandona compressa (KOCH, 1838) X X 7 43.75
Pseudocandona hartwigi (G. W. MULLER, 1900) X X 5 31.25
Pseudocandona insculpta (G. W. MULLER, 1900) X X 7 43.75
Pseudocandona marchica (HARTWIG, 1899) X X 1 6.25
Pseudocandona pratensis (HARTWIG, 11901) X
Pseudocandona rostrata (BRADY & NORMAN, 1889) X X 1 6.25
Pseudocandona semicognita (SCHAFER, 1934) X X
Pseudocandona juv. X 2 125
Candonopsis kingsleii (BRADY & ROBERTSON, 1870) X X 4 25
Candonopsis scourfieldi BRADY, 1910 X
Cypria exsculpta (FISCHER, 1855) X X 2 125
Cypria lata (SYWULA) X
Cypria ophtalmica (JURINE, 1820) X X 13 81.25
Bentocypria curvifurcata (KLIE, 1923I) X
Physocypria kraepelini G. W. MULLER, 1903 X X 4 25
Cyclocypris laevis (O. F. MULLER, 1776) X X 9 56.25
Cyclocypris ovum (JURINE, 1820) X X 2 125
Family ILY OCYPRIDIDAE KAUFMANN, 1900
Ilyocypris decipiens MASI, 1905 X
Ilyocypris gibba (RAMDOHR, 1808) X
Family NOTODROMADIDAE KAUFMANN, 1900
Notodromas monacha (O. F. MULLER) X X 4 25
Family CYPRIDIDAE BAIRD, 1845
Cypris pubera O. F MULLER ,1776 X X 9 56.25
Trajancypris clavata (BAIRD, 1838) X
Eucypris crassa (O. FE MULLER, 1785) X 4 25
Eucypris pigra (FISHER, 1851) X 2 125
Bradleystrandesia reticulata (ZADDACH, 1844) X X 16 100
Heterocypris incongruens (RAMDOHR, 1808) X
Dolerocypris fasciata (O. F. MULLER, 1776) X
Cypridopsis elongata (KAUFMANN, 1900) X
Cypridopsis parva G. W. MULLER, 1900 X
Cypridopsis vidua (O. F. MULLER, 1776) X X 16 100
Plesiocypridopsis newtoni (BRADY & ROBERTSON, 1870) X
Family LIMNOCY THERIDAE KLIE, 1938
Limnocythere inopinata (BAIRD, 1843) X
Limnocythere stationis VAVRA, 1891 X 1 6.25
Paralimnocythere relicta (LILLJEBORG, 1863) X
Metacypris cordata BRADY & ROBERTSON, 1870 X X 2 125
The total species number 42 27

(Nagorskaya &, de Jonge, 2002) and in the pools of the floodplain relict oak forest (OF) (n=16).

TaBLE 3-The ostracods occurrence in different reservoirs of the Polesye area (The Pripyat River floodplain) (Pfl) (n=12)
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Marked correlations are significant at p < .05

N=32 (Casawise deletion of missing data)

Veue COND TDS HARTOTD HARTOTM HARCARD HARCARM PERM TEMP  spN
COND 1 100 095 0.94 0.97 0.95 003 -0.03 0.53
TDS 100 1 0.95 0.94 0.97 0.95 004 -004 0.53
HARTOTD 095 09 1 1.00 0.94 0.95 011 -011 0.53
HARTOTM 094 094 100 1 0.94 0.95 009 -0.09 0.53
HARCARD 097 097 094 0.94 1 0.99 010 -0.10 0.60
HARCARM 095 095 095 0.95 0.99 1 013 -013 0.60
PERM 003 004 O11 0.09 0.10 0.13 1 -1.00 0.74
TEMP -003 -004 -011 -0.09 -0.10 -0.13 -100 1 -0.74
pN 053 053 053 0.53 0.60 0.60 074 -0.74 1

TaBLE 4-The correlation matrix for some hydrochemical variables, the pool type (permanent/temporary) and species number (SpN).

(White, 1985; Williams, 1987). Aquatic invertebrates
play a multifunctional role in the ecosystem of the
Quercetum fluvialisforest (sedimentation and transfor-
mation of suspension matter, food for birds and amp-
hibians and so on).

A number of works on terrestrial invertebrates of
the floodplain oak forest demonstrated that the avera-
ge species richness (70 species) was 2.5-2 times less
than in a pine forests (242 species) and in fields (143
species) (Khotko, 1993). That number could be effec-
ted by both flooding (which would be fatal for some
terrestrial species) and specific conditions of the area
(Kagan & Gelfer, 1956). The decay of oak leaves is
effected more by soil fungi than bacterial degrada-
tion, and it could result in the production of some spe-
cific chemical agents. We expected that the hydro-
biontic species number should be less than in other
floodplain pools as well. However, neither a depleted
fauna (Table 3) nor a specific community composi-
tion (Fig. 3) was observed.

The species richness of ostracods was dependent
upon the mineralization of water in the different pools
and the water phase duration (Table 4). It is well
known that species life cycles depend on the water
regime situation and the water source (Wiggins et al.,
1980; Williams, 1987; Schneider & Frost, 1996;
Heino, 2000; Smith, 1993; Therriault & Kolasa, 1999).

Species assemblages in different water bodies of
the floodplain oak forest did not demonstrate any spe-

cial specificity, however Eucypris pigra inhabited
running brooks solely and some ostracods from
Family CANDONIDAE were found in permanent water
ecosystems (lakes) (Table 5). The water bodies in
which they were found were determined by their life
cycles.

Instability of some ecosystems leads to develop-
ment of special strategies to avoid species disappea-
rance (Thiery, 1982), such as a high speed of develop-
ment, dormant stages, r — reproduction strategy. Due to
the fact that ostracods have diapause stages, they sur-
vivethe difficult environment (adrought or some other
events) (Horne & Martens, 1998) and could re-coloni-
ze new ecotopes in the same way as other water crus-
taceans (Havel et al., 2000).

The dispersal of ostracods speciesin the floodplain
area could be by passive transfer with wind, flooding,
birds and animals (Williams, 1987; Neckles et al.,
1990; Qertli, 1995). The connection between different
pools during a flooding promotes the exchange of spe-
cies and supports species richness (Amoros & Roux,
1988; Schwartz & Jenkins, 2000).

Landscape diversity is an essential and characteris-
tic feature of whole floodplain, which influences the
biodiversity of a region (Caley & Schliuter, 1999,
Pickett & Cadenasso, 1995; Ward & Stanford, 1995;
Shiel et al., 1998). The relations between different flo-
odplain water bodies and their fauna are still subject
for further investigations.
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The water
bodies Vegetation (dominant species) Bottom Ostracods assemblages
Pit (May, July,
September) Alisma plantago-aquatica L. Sand, clay Bradleystrandesia reticulata
Callitriche palustrisL. Candona neglecta
Eleocharis palustris (L.) Roem. et Schult. Cypria ophtalmica
Glyceriafluitans(L.) R. Br. Cypridopsis vidua
Hydrocharis morsus-ranae L. Limnocythere stationis
Oenanthe aquatica (L.) Poair.
Phragmites australis (Cav.) Trin. Ex Steud.
Ranunculus flammula L.
Typha latifolia L.
Lakes, brooks, Agrostis solonifera L. Sand, fine and Bradleystrandesia reticulata
ponds, bogs, Alisma plantago-aquatica L. coarse detritus,  Candona candida
oxbows (May) Comarum palustre L peat, decayed Candona weltneri
Equisetum fluviatile L. leaves Candonopsis kingdeii
Glyceriafluitans(L.) R. Br. Cyclocypris laevis
Glyceria maxima (Hartm.) Holmb. Cyclocypris ovum
Hottonia palustrisL. Cypria ophtalmica
Nymphar lutea (L.) Smith Cypridopsis vidua
Phragmites australis (Cav.) Trin. Ex Steud. Cypris pubera
Eucypris crassa
Eucypris pigra
Fabaeformiscandona acuminata
Fabaeformiscandona balatonica
Fabaeformiscandona fabaeformis
Metacypris cordata
Notodromas monacha
Pseudocandona compressa
Pseudocandona hartwigi
Pseudocandona inscul pta
Pseudocandona marchica
Pseudocandona rostrata
L akes, brooks Agrostis solonifera L. Sand, fine Candona candida
ponds, bogs, Alisma plantago-aquatica L. detritus, peat Candona neglecta
oxbows Callitriche palustris L. Candona weltneri
(July, September) Equisetum fluviatile L. Candonopsis kingdeii
Glyceria maxima (Hartm.) Holmb. Cyclocypris laevis
Hottonia palustrisL. Cypria exsculpta
Hydrocharis morsus-ranae L. Cypria ophtalmica
Lemna minor L. Cypridopsis vidua
Lemnatrisulca L. Fabaeformiscandona fragilis
Nymphaea alba L. Fabaeformiscandona protz
Nymphar lutea (L.) Smith Metacypris cordata
Phragmites australis (Cav.) Trin. Ex Steud. Physocypria kraepdini
Ranunculus lingua L. Pseudocandona compressa
Sagittaria sagittifolia L. Pseudocandona inscul pta
Salvinia natans L.
Soirodella polyrhiza (L.) Schleid.
Sratioides aloides L.
Utricularia vulgarisL.
Temporary Alisma plantago-aquatica L. Sand, clay, coarse Bradleystrandesia reticulata
pools (May) Glyceria fluitans (L.) R. Br. detritus, leaves  Cyclocypris ovum

Ranunculus flammula L.

Cypridopsis vidua
Eucypris crassa

TaBLE 5-Ostracod assemblages in different reservoirs of the floodplain oak forest.
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Abstract

The effect of habitat structure, food abundance and predation risk on the ostracod Notodromas
monacha (Mueller, 1776) was examined on the basis of 3 years field-work and laboratory observa-
tions. The field-work was carried out in different habitats (open water, Najas marina, edge of the lit-
toral zone, Lemno-Utricularietum, Phragmites australis, Typha angustifolia) of the shalow Lake
Fehér (47°41 N, 17°21'E, Fert6-Hansag National Park, Hungary). Representatives of this species
were recorded only from the reed-belt, supposedly because of the strong wind effect in the lake.
Individuals were collected from April to October and the maximum was 32 ind./ L. The number of
individuals was significantly higher in the Lemno-Utricularietum association than in the dense Typha
and Phragmites beds, indicating that Notodromas prefers the small patches and channels in the reed-
belt covered by submerged macrophytes to the zone of dense, emergent macrophytes. Laboratory
experiments, consisting of eight different treatments, were performed to test how Notodromas mona-
cha respond to fluctuations in plant structure, food abundance and predation risk. The position of the
ostracods were recorded with respect to three vertical zones of the aquaria (lower, middle and upper
zone) and the selection of three different microhabitats (ground, plant, open water). In the absence of
fish chemical cues and predators, 93% of the individuals inhabited the upper zone of the aquaria. In
the presence of predator chemical signals and fish, Notodromas showed distinct antipredator beha-
viour and an average of 17.26 percent of the animals preferred the lower zone and 68 percent the
vegetated half of the aguaria. In the food preference experiments Notodromas clearly preferred neus-
tonic food to the periphyton rich Ceratophyllum stems, indicating that Notodromas is primarily a
neuston feeder.

Key words: Ostracoda, Notodromas monacha, food preference, habitat selection, predator avoi-
dance.

Resumen

El efecto de la estructura del hébitat, la disponibilidad de alimento y € riesgo de depredacion ha
sido estudiado en Notodromas monacha (Mueller, 1776) basandose en tres afios de trabaj os de campo
y de laboratorio. El trabajo de campo fue realizado en diferentes hébitats (agua abierta, Najas mari-
na, borde de la zona litoral, Lemno-Utricularietum, Phragmites australis, Typha angustifolia) en el
Lago Fehér (47°41' N, 17°21' E, Parque Nacional de Fert6-Hansag, Hungria). Representantes de esta
especie fueron recogidos solamente en la orla de juncos, supuestamente debido al efecto del fuerte
viento en e lago. Se obtuvieron gy emplares desde abril hasta octubre, con un maximo de 32 ind./L.
El nimero de g emplares fue significativamente mayor en la asociacion Lemno-Utricularietum que en
los lechos densos de Typha y Phragmites, indicando que Notodromas prefiere |os pequefios “ patches’
y canales de la orla de juncos cubiertas por macrofitas sumergidas, a la densa zona con macrofitas
emergentes. Los experimentos de laboratorio, consistentes en ocho tratamientos diferentes, fueron
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realizados para comprobar como Notodromas monacha responde a las fluctuaciones en la estructura
vegetal, disponibilidad de alimento y riesgo depredativo. La posicién de los ostracodos fue registra-
da respecto atres zonas del acuario (inferior, mediay superior) y se seleccionaron tres microhdbitats
diferentes (fondo, planta, agua abierta). En ausencia de indicadores quimicos de peces y depredado-
res, Notodromas mostré un comportamiento antidepredador distintivo y un promedio del 17,26% de
los animales prefirieron la zonainferior y el 68% la mitad vegetada del acuario. En |los experimentos
de preferencia alimentaria Notodromas prefirié claramente e alimento neustonico de los tallos del
perifiton Ceratophyllum, indicando que Notodromas se alimenta preferentemente del neuston.

Palabras clave: Ostracoda, Notodromas monacha, preferencia alimentaria, selecciéon del habitat,

disponibilidad depredativa.

INTRODUCTION

The main ecological controls on ostracods are habi-
tat characteristics especialy the size, depth and per-
manence of the waterbody (Bilton et al., 2001), the
nature of the substrate and aquatic plants (Rocaet al.,
1993), food availability (Uiblein et al., 1994), preda-
tion (Uiblein et al., 1996), as well as water characte-
ristics (temperature, pH, dissolved oxygen content,
salinity and ionic composition) (Baltanaset al., 1990).
A large number of freshwater ostracods live in the lit-
toral and sublittoral zones of lakes where the macro-
vegetation in general provide both food and shelter
from predation. Ostracods form a major food source
for many vertebrates, but within the macrophyte zone
a predator’s foraging success is often low because of
the structural complexity of such habitats. Ostracods
have been found to respond to chemical signals deri-
ved from fish and other predators by adopting distinct
antipredator behaviours. Benzie (1989) carried out a
detailed field studies on ostracod abundance and dis-
tribution and several experiments to test surviva on
different foods, food preferences, and sediment parti-
cle size preferences of the three dominant ostracod
species of alake and concluded that each habitat had
adiscrete ostracod community. Few experimental stu-
dies dealed with the phytophilous Cypridopsis vidua
which with the addition of chemical predator cue
spent significantly more time in the lower vertica
zone of micro-aquaria (Uiblein et al., 1996) and in
contrast to many other species which reduce their
mobility in response to chemical cues, C. vidua
increase their swimming activity. Cypridopsis vidua
show clear microhabitat preferences (Mbahinzireki et
al., 1991) which are influenced by habitat structure
and food supply.

Only limited information exist on the habitat prefe-
rence and ecological demands of Notodromas mona-
cha (Tetart, 1971; Hiller, 1972). This warm-stenoterm
speciesis one of the rare freshwater ostracod which is
usually present in samples collected from the zoo-
plankton. Notodromas is an excellent swimmer and
has high mobility level and ismostly found closeto the
surface film of the water.

The am of this study was to detect the seasond
and spatial distribution of Notodromas populations and
demonstrate the effect of habitat structure, food abun-
dance and predation risk on the ostracod on the basis
of 3 yearsfield-work and laboratory observations.

STUDY AREA

The field-work was performed in the shallow Lake
Fehér (Fehér-t0) (47°41° N, 17°21'E) which is situa-
ted in the northwestern part of Hungary in the area of
the Fert6-Hansag National Park. The lakeis small and
very shallow (area: 2.69 km?, open water: 0.25 km?,
mean depth: 50 cm, maximum depth: 110 cm) and the
hydrology of the |ake depends on the interplay of pre-
cipitation and evaporation. Thelittoral zone of the lake
is characterised by beds of emergent macrophytes
(Phragmites australis and Typha angustifolia). The
reed-belt usualy dries in summer and early autumn.
Within the reed-belt there were three characteristic
habitat types: 1. Scirpo-Phragmitetum, 2. Typhetum
angustifoliae (the edge of the Phragmites zone) 3.
Lemno-Utricularietum between the patches of
Phragmites with Utricularia vulgaris, Hydrocharis
morsus-ranae, Lemna trisulca, Lemna minor and
Spirodela polyrhiza. In 1999 and 2000 the open water
was covered by dense vegetation of Najas marina
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Experiment sediment powder | plastic plant | Ceratophyllum | fish chemicals | perch
1. | microhabitat 1.1 — + — — —
selection 1.2 — — + — —
13 — — ++ — _
2. |food selection | 2.1 + — — — —
2.2 + + — _ _
2.3 + — + — —
3. predation 31 — — + + —
3.2 — — + + +

TaBLE 1-Summary of the habitat parameters provided in eight different experimental treatments.

(95% PVI). The concentration of inorganic particles
in the water was generally low, the dominant ion was
HCO,.

Daring the sampling period a diverse and abundant
Ostracoda assemblages devel oped in the reed-belt. Out
of 77 microcrustacean species 20 were ostracods (Kiss,
2002) The most frequent species were Notodromas
monacha, Cyclocypris ovum, Candona weltneri and
Pseudocandona compressa. The ostracod Cypridopsis
hartwigi, which is new to Hungary, was recorded only
once from the Phragmites beds. There was a diverse
community of Candonidae (7 species) and most of the
individuals (except Candona weltneri) were recorded
only from sediment samples.

The fish assemblage was dominated by cyprinids.
The most abundant species were Carassius auratus,
Rutilus rutilus and Perca fluviatilis (G. Guiti, persondl
communications). Because of the low oxygen concen-
tration and extreme low water level, the reed-belt was
unsuitable for fish except in spring when the predation
pressure increased in the reed-belt because of high
abundance of YOY fish. Invertebrates are also impor-
tant predators in the reed-belt and affect the composi-
tion of littoral microcrustaceans (Paterson, 1993).

METHODS

Field sampling

The study was carried out from March 1998 to
November 2000. Samples were collected at monthly
intervals and biweekly in summer. One occasion in May
1999 and 2000 and August 1999 samples were collected
every four hours between 5 am. and 21 p.m. in different
habitats of the lake to study the diurnal changes of

Notodromas populations. The tested habitats were: 1.
Open water (mid-lake), 2. Najas marina beds (mid-lake,
in 1999 and 2000), 3. Edge of the emergent macrophy-
te zone, 4. Lemno-Utricularietum (narrow channel
among the Phragmites zone), 5. Phragmites beds, 6.
Typha beds. The temperature, pH, conductivity and dis-
solved oxigen were measured in the field by using
Multiline-P4 portable meter. Notodromas individuas
were collected in one litre plastic box samplers gently
closed over plants. Mixed five litres samples were
collected and sieved through a 70 pm mesh net. The
diurnal experiments were carried out in three replicates
and the results are presented as mean values.

Laboratory processing

The laboratory experiments were performed in a
micro-aquaria (22.5 x 9 x 9 cm) filled with 1.8 litres of
filtered lake water, and were set up under uniform tem-
perature (20°C) and light (28 Lux) conditions. Adult
specimens of Notodromas monacha were collected
from the reed-belt of Lake Fehér. The experiments
consisted of eight different treatments (see Table 2)
and were aimed to test how Notodromas monacha res-
pond to changesin plant structure, food abundance and
predation risk. In each trial twenty adult Notodromas
were introduced in the central part of the tank with a
fine brush. The position of the ostracods with respect
to three vertical zones of the aquaria (lower, middle
and upper zone) and the selection of three different
microhabitats (ground, plant, open water) were recor-
ded every 30 second for a period of 15 minutes. Each
experiment was repeated five times. At the start of
each experiment 5 minute was given to each animal for
acclimation. In the microhabitat selection experiment
(1) uniform sized pieces of uncleaned Ceratophyllum
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demersum (1.2) and plastic plants (1.1), which closely
resembled the natural ones, were used as plant structu-
resin the vegetated half of the aguaria. In the beginning
of the experiment 1. five replicates were carried out
with 2 standardized piece of plant stems (1.2), then the
number of the Ceratophyllum stems were doubled (1.3)
in order to test how Notodromas react to the increased
offer of plant structure. In the food selection experi-
ments (2) desiccated |ake sediment was scattered on the
surface of unvegetated half of the aquariaas well asthe
other half of the aguaria was unvegetated in experiment
2.1, then vegetated with cleaned plastic plant (2.2) and
uncleaned Ceratophyllum stems with a rich cover of
periphyton (2.3). The fish used for predation experi-
ments (3) belong to the species Perca fluviatilis, which
iscommon in Lake Fehér. Juveniles of this species fre-
guently prey on ostracods and other small crustaceans
(Winfield, 1986). 5 mL of fish water from a tank con-
taining young perch (Perca fluviatilis) was added into
the aguaria (experiment 3.1), then 3 young perch were
introduced to the aquaria (experiment 3.2).

Because there were no experimental studies of
Notodromas, our laboratory experiments were based on
the microhabitat selection tests of Cypridopsis vidua
(Mbahinzireki et al, 1991, and Uiblein et al, 1996).

Statistical analyses were performed using STATIS-
TICA 5.0 (StatSoft, Inc.). Significance of differences
between the habitat parameters has been tested with
one-way analysis of variance (ANOVA). Both treat-
ments were tested for independence using G-test.

REVISTA ESPANOLA DE MICROPALEONTOLOGIA, V. 36, N.° 1, 2004

RESULTS AND DISCUSSION

Seasonal, daily and spatial differencesin the density
of Notodromas populations (field-wor k)

The gpatial distribution of the species showed
strong correlation with the habitat types in the lake.
The individuals were recorded only from the reed-belt
and the species was absent from the open water, the
edge of the littoral zone and the Najas marina beds
supposedly because of the strong wind effect and
enhanced water movement in the open water and the
channels. In 1998, there were no Notodromas indivi-
duals in the samples because the reed-belt was dry
between March and October. In the reed-belt the ste-
noterm Notodromas was collected from April to
October and the maximum was 32 ind./L in 1999
(September) and 29 ind./L in 2000 (April) (Fig. 1). This
density was low compared to the observation of Tétart
(1971) who collected 36000 ind./m? Notodromas juve-
nilesin April. In 2000 the abundance was low throug-
hout summer because the water-level was extremely
low in the reed-belt and in some cases, the reed-belt
dried completely. Notodromas individuals were found
only in the upper water layers and no representatives of
this species were present in the sediments.

The abundance of Notodromas varied markedly in
the different habitats of the reed-belt. The density was
significantly higher in the Lemno-Utricularietum than
in the dense Typha and Phragmites beds throughout the
3 years of the investigation indicating that Notodromas
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Ficure 1-The density of the Notodromas populations (bars) and in the second axis the water level (lines) between 1998-2000,
in the different habitats of the reed-belt: Lemno-Utricularietum (gray bar and black line), Phragmites australis (white bar
and broken line) and Typha angustifolia (black bar and spotted line).
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prefers the small patches and channels in the reed-belt
covered by submerged macrophytes rather than the
dense emergent macrophyte zone. In the reed-belt,
during the presence of the species, the pH were ranged
from 7.04-7.87, the temperature from 14.7-21°C, the
conductivity from 367-1010 ps/cm and the oxygen
content from 0.56-7.86 mg/L. In summer there were
anoxic conditions in the reed-belt, and the dissolved
oxygen content values were significantly low, someti-
mes 2-3 mg/L and the minimum (0.56 mg/L) was
observed at the end of July in 1999. The results suggest
that Notodromas, like many other non-marine ostra-
cods, can tolerate wide ranges of dissolved oxygen
levels and temporal anoxic conditions. There was no
correlation between the Notodromas density and water
chemistry parameters.

The composition of the Notodromas populations is
shown in Fig. 2. Juveniles appeared in April and disap-
peared at the end of August. Males were always pre-
sent in the samples. The sex ratio was near to 0.5 but
in some cases in summer there were markedly more
females than males. The ratio of males was higher in
the dense Typha and Phragmites beds than in the
Lemno-Utricularietum.

The maximum abundance of the Notodromas popu-
lations was in August in all habitats of the reed-belt,
where more than 90 percent of the individuals were
juveniles. The density was highest in the Lemno-
Utricularietumin al the three sampling dates (in May
1999 and 2000 and August 1999). In 1999 the mean
density was 3 ind./ L in May, 23 ind./ L in August, as
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well as in May 2000 was 9 ind./ L. In the Lemno-
Utricularietum, the diurnal density changes of the
populations were different in May and August (Fig. 3).
In May 1999 and 2000 the maximum density was at
night (5 and 17 ind./ L) and the minimum values were
during day-time (2 and 3 ind./ L). In August, reverse
diurnal changes were recorded, the maximum (32 ind./
L) was in the day-time and the minimum (15 ind./ L)
was at night. A possible explanation of the day-time
minimum in May might be predation by the visually
hunting fish, especially newly hatched (YOY) zoo-
planktivorous fish. In early spring, the emergent
macrophyte zone of the lake was flooded and different
species of juveniles fish seek refuge and feed on
microcrustaceans within the macrovegetation. In sum-
mer invertebrates were the most important predatorsin
the reed-belt which strongly affects the composition of
littoral microcrustaceans (Paterson, 1993). The most
important invertebrate predatorsin the lake Fehér were
tanypod chironomids, odonates and water mites. In the
Lemno-Utricularietum the number of the Notodromas
individuals was decreased by the predation of the car-
nivorous Utricularia vulgaris (personal observation),
similarly to the observations of Mette et al. (2000).

In the Typha and Phragmites beds, there were no sig-
nificant day-night differences in ostracod abundance.
The density values were low throughout the day. In the
Phragmites beds mean density was only 1-2 ind./L in
May and 15 ind./L in August and 5 ind./L among the
Typha angustifolia. Among the examined three habitats
the density was aways the highest in the Lemno-
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FIGURE 2-The composition of the Notodromas population (ind./5L) between 1998-2000 in the Lemno-Utricularietum: males

(black bar), females (white bar) and juveniles (gray bar).
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Utricularietum indicating that Notodromas show clear
habitat selection and prefersthe small patches and chan-
nels in the reed-belt covered by submerged macrophy-
tes to the zone of dense, emergent macrophytes.

Laboratory observations
1. Microhabitat selection

The density of ostracods was significantly different
in the 3 vertical zones of the aquaria both in treatment
1.1 and 1.2. On average, 93.6% were found in the
upper, 4.6% in the middle and only 1.8% of the indivi-
duals in the lower zone of the aquaria indicating that
Notodromas especially colonise the upper water layers
of the lakes (Table 2). There were no noteworthy dif-
ferences between the plastic and the natural plant,
when plastic plants were used 88.9% of the individials
found on the upper, 7.6 in the middle and 3.5% of the
lower zone of the micro-agquaria.

There were aso no differences between the two micro-
habitats (Ceratophyllum and plastic plant), on average

REVISTA ESPANOLA DE MICROPALEONTOLOGIA, V. 36, N.° 1, 2004

45% of the individuals were found among the
Ceratophyllum stems and 43.3% among the plastic plants.

When the number of the Ceratophyllum stems was
doubled (experiment 1.3) the mean density of the indivi-
duasincreased (p < 0.05) on the uncovered part of aqua
ria. When two stems were used 54.9% of the individuals
choosed the unvegetated part of the aquaria and when
four stemswere used 61.2% of the ostracods choosed the
open water. Although Notodromas monacha clearly pre-
fers the shallow water with rich vegetation of ponds and
the littoral zone of lakes (Meisch, 2000), this experiment
demonstrates that Notodromas does not prefer the very
dense macrophyte beds.

These laboratory results conform well with the dis-
tribution pattern of Notodromas monacha in Lake
Fehér where this species clearly preferred the Lemno-
Utricularietum with 30-40% PVI (Plant Volume
Infested) and the density of the population was signifi-
cant lower in the dense (80-90% PV1) Phragmites and
Typha beds. In addition the representatives of the spe-

Replicate Lake water UPPER Fish water
Uncovered Vegetated Uncovered Vegetated
1 49.33 44.33 22 39.33
2 50 44 19.67 42.33
3 50 44.66 28 35.67
4 60.67 31.33 23.67 34.33
5 51.33 42.34 24.34 32.67
Mean 52.27 41.332 23.54 36.87
Replicate Lake water MIDDLE Fish water
Uncovered Vegetated Uncovered Vegetated
1 1 3.67 4.67 17
2 1 3.34 5 18.33
3 0.67 3 3 15.66
4 1 4.33 5.33 17
5 2.67 2.33 6.33 19.33
Mean 1.268 3.334 4.866 17.464
Replicate Lake water BOTTOM Fish water
Uncovered Vegetated Uncovered Vegetated
1 1 0.67 5 12
2 1.33 0.33 3 11.67
3 1.67 0 3.67 14
4 1.67 1 3.67 16
5 1 0.33 2.33 15
Mean 1.334 0.466 3534 13.73

TaBLE 2—Percentage of individuals of Notodromas found in the uncovered and in the vegetated half of the aguarium without
fish chemical cue (experiment 1.2) and after exposure of water fish water and juvenile perch (experiment 3.2) (n = 20 indi-

viduals per replicate and 15 observations per replicate).
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Ficure 3-The mean diurnal density of the Notodromas populations (ind./5 L) in May 1999 (gray bar), in August 1999 (white bar)
and in May 2000 (black bar) in the different habitats of the reed-belt. Error bars are 95% confidence intervals of the mean.

cies were found only in the upper (5-10 cm) water
layers of the lake and there were no individuals in the
sediment samples.

The presence of macrophytes in the microhabitat
played a dominant role in determining the distribu-
tion and diversity of invertebrata species. Greater
architectural complexity of habitat led to a higher
number of invertebrata taxa on both natural and arti-
ficial macrophytes (Taniguchi et al., 2003).
Macrophytes can act as arefuge for microcrustaceans
against predators and the plants with disserted leaves
would provide more substrate for the growth of
periphytic algae (Dvorak and Best, 1982) which is an
important food source for invertebrates (Downing,
1981). The abundance of epiphytic invertebrates was
significantly related to plant biomass, macrophyte
bed size characteristics and sampling date (Cyr and
Downing, 1988).

2. Food abundance

In treatment 2.1 the micro-aquaria was uncovered
and in one half of the aquaria fine sediment powder
was dispersed on the surface of the water. The density
of the individuals in the upper zone of the aquariawas
the highest in this treatment. On average 95.27 percent
of the individuals were found on the upper zone and
56.2 percent chose the high food abundance part of the
aquaria with the scattered sediment particles and 39
percent were recorded from the other part of the micro-
aquaria. In this test without macrophytes and fish cue
only an average of 0.79 percent of the animals moved
to the lower zone. In treatment 2.2 when plastic plants
were used an average of 57.53 percent of the
Notodromas individuals chose the uncovered half of
the aguaria with high food abundance and 42.47 per-
cent the vegetated half of the aquaria. As compared to
treatment 2.2 and 2.3 there were no significant diffe-
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rences between the plastic plant and the uncleaned
Ceratophyllum and in treatment 2.3, the majority of
the individuals (mean: 58.93%, SD: 0.936) choosed
the uncovered part of the aguaria with sediment pow-
der indicating that Notodromas discriminates between
the Ceratophyllum covered with periphyton and the
sediment with organic matter dispersed on the surface
of the water.

The abundance and quality of food seem to be
important determinants of microcrustacean density.
Ostracods are active foragers which search for and
select food based on chemical and tactile cues,
making use of a well-developed sensory equipment
and quickly detect those areas with highest food abun-
dance. Limnocythere inopinata showed a highly signi-
ficant preference for faecal material over old Chara
(Benzie, 1989). The phytophilous Cypridopsis vidua
was found to discriminate between different food
types such as sediment with organic matter, dead chi-
ronomid larvae and pieces of Chara covered with
periphyton (Roca et al., 1993) and congregated on
uncleaned plants, but was not influenced by sediment
particle size (Benzie, 1989). Uiblein et al. (1996)
reported that hungry C. vidua remained on Chara for
longer and they also visited the more exposed and ris-
kier parts on the top of the plants especialy when
food abundance was higher in the upper zones and the
incerased hunger level result in more time spent on
Chara.

Opposite to Cypridopsis, Notodromas monacha
preferred the fine sediment powder scattered on the
surface of the water to periphyton-rich Ceratophyllum
stems. These results conform well with the few earlier
observations of the feeding strategy and preferred food
type of Notodromas. According to Liperovskaya
(1948), the gut contents of Notodromas monacha have
been found to contain pollen and phytoplankton sug-
gesting suspension feeding as well as feeding on the
bacteria which colonize the air-water interface.

3. Predation risk

The effects of afish chemical cue and the presence
of juvenile fish on Notodromas were examined in tre-
atments 3.1 and 3.2. If afish cue was added (3.1) the
vertical distribution and microhabitat preferences of
the individuals changed as compared to distribution
of individuals in microhabitat selection experiments
(treatments 1.1, 1.2 and 1.3).

As on effect of fish cue, the average percentage of
the individuals increased from 45 to 57.5 in the vege-
tated half of the aguaria as well as from 1.8 to 4.87 at
the bottom of the aguaria. Comparing the number of
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individuals in the upper zone in experiment, the den-
sity decreased in the upper zone and the average per-
centage of individuals changed from 93.6 to 60.4 in the
upper zone of the aquaria (p <0.0001). These results
are similar to former observations on Cypridopsis
vidua (Uiblein et al., 1996) where C. vidua showed
considerable variations in microhabitat choice and res-
ponded to predator signals by spending significantly
more time in the lower zone of the aquaria and moved
into shadowed and dense vegetated microhabitats.

These density differences increased even further
when the synergic effect of fish presence and fish che-
micals was examined. The average percent of the indi-
viduals increased from 57.5 to 68 in the vegetated half
of the aguaria and from 4.87 to 17.26 at the bottom of
the aquaria (Figs. 4, 5).

Ostracods frequently occur in the diet of juvenile
fishes and are especially vulnerable to predation when
exposed to light. Like Cypridopsis vidua, Notodromas
individuals show distinct color patterns on their cara-
paces and possess pigmented carapaces, a feature that
reduces visual detectability (Mbahinzireki et al., 1991)
and result in a significant decrease of fish foraging
success (Roca et al., 1993). In spring the juvenile
perch frequently occurs in the reed-belt of the Lake
Fehé and the YOY perch often move to the littoral
zone and is an efficient forager among vegetation
(Winfield, 1986). In the treatments Notodromas indivi-
duals showed antipredator response by moving to
the lower and vegetated microhabitats. In addition the
carapace of Notodromas aso reduce the visual detec-
tability and fish foraging success, resulting in a relati-
vely high spring density (compared to other ostracod
species) in the reed-belt of the lake.

SUMMARY

The effects of habitat structure, food abundance and
predation risk on the ostracod Notodromas monacha
was examined in the laboratory and compared to the
results of field-work performed in the reed-belt of a
shallow lake. In the different treatments the density of
the individuals varied greatly among the different ver-
tical zones and microhabitats indicating that
Notodromas individuals are capable of actively choo-
sing the most protective and profitable areas within the
different microhabitats and show high behavioural fle-
xibility in their responses and capabilities to explore
their surroundings.

The experimenta data are confirmed by field data,
as Notodromas does not colonise habitats with strong
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FiGURE 4-The number (mean values) of Notodromas individuals found in the different vertical zones of the aquaria without fish
and fish cue (experiment 1.2) and after exposure to fish water and juvenile perch (experiment 3.2). Upper zone - gray bar,
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Ficure 5-The number (mean values) of Notodromas individuals found in the different microhabitats of the aguaria without fish
and fish cue (experiment 1.2) and after exposure to fish water and juvenile perch (experiment 3.2). Water - gray bar, plant -
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wind effect and enhanced water movements, nor pre-
fers the very dense macrophyta beds, and usually
moves in the surface water layers. It is able to discri-
minate different food types and shows a preference for
the organic-rich food type on the surface of the water.

ACKNOWLEDGEMENTS

| am indebted to Dr. Dan Danielopol for his valua-
ble suggestions and offered logistic support in the
laboratory of Mondsee, Austria. | also thank Dr. W.
Geiger for suggesting improvements during the review
of the manuscript. This research was supported by the
MTA-KOM/F-H Project.

REFERENCES

Baltanas, A.; Montes, C., and Martino, P. 1990. Distribution
patterns of ostracods in iberian saline lakes. Influence of
ecological factors. Hydrobiologia, 197, 207-220.

Benzie, J. A. H. 1989. The distribution and habitat prefe-
rence of ostracods (Crustacea: Ostracoda) in a coastal
sand-dune lake, Loch of Strathbeg, north-east Scotland.
Freshwater Biology, 22, 309-321.

Bilton, D. T.; Foggo, A., and Rundle, S. D. 2001. Size, per-
manence and the proportion of predators in ponds.
Archiv fur Hydrobiologie, 151, 451-458.

Cyr, H., and Downing, J. A. 1988. The abundance of phy-
tophilous invertebrates on different species of submer-
ged macrophytes. Freshwater Biology, 20, 365-374.

Downing, J. A. 1981. In situ foraging responses of three
species of littoral cladocerans. Ecological Monographs,
5, 85-103.

Dvorak, J., and Best, E. P H. 1982. Macro-invertebrate
communities associated with the macrophytes of Lake
Vechten: structural and functional relationships.
Hydrobiologia, 95, 115-126.

Hiller, D. 1972. Untersuchungen zur Biologie und zur Oko-
logie limnischer Ostracoden aus der Umgebung von
Hamburg. Archiv fiir Hydrobiologie /Suppl. 40, 400-497.

Kiss, A. 2002. Microcrustacean distribution in different
habitats of a shallow lake. Opuscula Zoologica, 34, 43-
50.

REVISTA ESPANOLA DE MICROPALEONTOLOGIA, V. 36, N.° 1, 2004

Liperovskaya, E. S. 1948. O pitanii presnovodnykh Ostra
coda (On the nourishment of freshwater Ostracoda).
Zoologicheskiy Zhurnal, 27, 125-136.

Mbahinzireki, G.; Uiblein, F, and Winkler, H. 1991.
Microhabitat selection of ostracods in relation to preda-
tion and food. Hydrobiologia, 222, 115-119.

Meisch, C. 2000. Freshwater Ostracoda of Western and
Central Europe. In: Schwoerbel, P. Zwick (eds.):
Suesswasserfauna von Mitteleuropa 8/3. Spektrum
Akademischer Verlag, Heidelberg, Berlin, 1-522.

Mette, N.; Wilbert, N., and Barthlott, W. 2000. Food
composition of aguatic bladderworts (Utricularia,
Lentibulariaceae) in various habitats. Beitrage zur
Biologie der Pflanzen, 72, 1-13.

Paterson, M. 1993. Invertebrate predation and the seasonal
dynamics of microcrustaceain the littoral zone of afish-
less lake. Archiv fir Hydrobiologie /Suppl. 99, 1-36.

Roca, J. R.; Bdtanés, A., and Uiblein, F. 1993. Adaptive
responses in Cypridopsis vidua (Crustacea: Ostracoda)
to food and shelter offered by a macrophyte (Chara fra-
gilis). Hydrobiologia, 262, 127-131.

Taniguchi, H.; Nakano, S., and Tokeshi, M. 2003. Influences
of habitat complexity on the diversity and abundance of
epiphytic invertebrates on plants. Freshwater Biology, 48,
718-727.

Tétart, J. 1971. Etude de quelques populations d’ Ostracodes
dans des milieux astatiques de la vallée de I'lsére.
Travaux du Laboratoire d'Hydrobiologie et de
Pisciculture de Grenable. 62, 75-130.

Uiblein, F; Roca, J. R., and Danielopol, D. L. 1994.
Experimental observations on the behaviour of the ostra-
code Cypridopsis vidua. Verhein International Verein
Limnologie, 25, 2418-2420.

Uiblein, F.; Roca, J. R.; Baltanas, A., and Danielopol, D. L.
1996. Tradeoff between foraging and antipredator beha-
viour in a macrophyte dwelling ostracod. Archiv fir
Hydrobiologie, 137, 119-133.

Winfield, 1. J. 1986. The influence of simulated aguatic
macrophytes on the zooplankton consumption rate of
juvenile roach, Rutilus rutilus, rudd, Scardinius eryth-
rophthalmus, and perch, Perca fluviatilis. Journal of
Fish Biology, 29, 37-48.

MANUSCRITO RECIBIDO: 5 septiembre, 2003
MANUSCRITO ACEPTADO: 23 febrero, 2004



Revista Espariola de Micropaleontologia, 36(1), 2004, pp. 157-169
© Ingtituto Geolégico y Minero de Espafia
ISSN: 0556-655X

OSTRACODE ASSEMBLAGES AND PALAEOENVIRONMENTAL
EVOLUTION OF THE LATEST MESSINIAN LAGO-MARE EVENT
AT PERTICARA (MONTEFELTRO, NORTHERN APENNINES, ITALY)

E. GLIOZZI* AnD F. GROSSI?
! Dipartimento di Scienze Geologiche, Universita Roma Tre, Largo S. Leonardo Murialdo, 1, 1-00145 Roma, Italy.
CNR, Istituto di Geologia Ambientale e Geoingegneria, Roma, Italy. E-mail:gliozzi @uniroma3.it
2 Dipartimento di Scienze Geologiche, Universita Roma Tre, Largo S. Leonardo Murialdo, 1, 1-00145 Roma, Italy.

Abstract

The latest Messinian lago-mare event, which affected the whole Mediterranean area, is well cons-
trained both lithostratigraphically and biostratigraphically. The sediments lie between the evaporite
deposition related to the Messinian salinity crisis and the clayey deposition related to the Early
Pliocene transgression and it is marked by the appearance of ostracode assemblages with Paratethyan
affinity. The Perticara section (Montefeltro, northern Apennines, Italy), characterised by a high sedi-
mentation rate, has been sampled every 50 cm. Ostracode assemblages have been analysed from the
topmost portion of the sedimentary succession, with the aim of reconstructing the pal aeoenviron-
mental evolution of the last 15-20.000 years of this event and investigate possible environmental
changes on amillennian scale. Statistical analyses have been performed on the relative abundance in
percentages of the species identified in 31 sediment samples. Populational structure has been studied
through several indexes such as Margalef, Shannon and equitability. Both species (R-mode) and sam-
ples (Q-mode) were grouped by cluster analyses and detrended correspondence analyses (DCA) using
the software package PAST (ver. 1.06). The DCA analysis has shown that, during this short period,
several environmental changes have been recorded. A short interval, 14 m below the Mio-Pliocene
boundary, testifies to a shallow mesohaline waterbody dominated by Leptocytherinae and
L oxoconchidae [Loxoconcha (Loxocorniculina) djafarovi and Loxoconcha (Loxoconcha) eichwaldi
n. ssp.]. Within the upper intervals, salinity slowly shifts to oligo-freshwater conditions since
L oxoconchidae and L eptocytherinae progressively decrease and Candoninae increase (with dominant
Caspiocypris pontica). A few meters below the Mio/Pliocene boundary, Candoninae are still domi-
nant but Leptocytherinae species increase again in frequency together with Loxoconchidae. These
changes point to the restoration of oligo-mesohaline or mesohaline conditions. The uppermost 2 m of
clays below the Mio-Pliocene boundary are barren of ostracodes preventing an investigation of the
very late Miocene palacoenvironment, but the first Lower Pliocene samples show clearly the abrupt
restoration of fully marine conditions.

Key words. Ostracodes, latest Messinian, lago-mare event, northern Italy, palaeoenvironmental
evolution, statistical analyses.

Resumen

El evento lago-mare del Messiniense final, que afect6 a conjunto del area mediterranea, esté bien
caracterizado tanto litoestratigraficamente como bioestratigréficamente. Estos sedimentos se disponen
entre los depdsitos evaporiticos relacionados con la crisis salina del Messiniensey e deposito lutitico
representativo de latransgresion del Plioceno Inferior, y esta marcado por la aparicion de asociaciones
de ostrécodos con afinidad paratethysiana. La seccion de Perticara (Montefeltro, Apeninos septentrio-
nales, Italia), caracterizada por una alta tasa de sedimentacion, ha sido muestreada cada
50 cm. Han sido analizadas |as asociaciones de |os ostracodos de |a parte superior de la sucesion sedi-
mentaria, con €l objetivo de reconstruir laevolucidn paleoambiental de los Ultimos 15.000-20.000 afios
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de este evento, asi como investigar posibles cambios medioabientales de escala milenaria. Se han rea-
lizado andlisis estadisticos de |os porcentajes rel ativos de las especies identificadas en 31 muestras de
sedimento. La estructura poblacional ha sido estudiada por medio de los indices de Margalef, Shannon
y equitabilidad. Tanto las especies (modo-R) como las muestras (modo-Q) han sido agrupadas median-
te los andlisis de Grupos y de Correspondencias (DCA) utilizando e paquete estadistico PAST (ver.
1.06). El andlisis DCA ha mostrado que para este corto periodo temporal se han podido detectar varios
cambios palecambientales. Un corto intervalo, localizado 14 m por debgjo del transito Mioceno-
Plioceno, estd representado por un medio acuoso somero, mesohalino, dominado por los
Leptocytherinae y Loxoconchidae [Loxoconcha (Loxocorniculina) djafarovi y Loxoconcha
(Loxoconcha) eichwaldi n. ssp.]. En losinterval os superiores, la salinidad cambia gradualmente hacia
condiciones oligosalinas 0 de agua dulce, cambio atestiguado por la disminucién de los
Leptocytherinaey Loxoconchidaey el incremento de los Candoninae, con el dominio de Caspiocypris
pontica. Unos pocos metros antes del transito Mio-Plioceno, |os Candoninae son todavia dominantes,
s bien las especies de Leptocytherinae incrementan su presencia, alavez que las de Loxoconchidae.
Estos cambios apuntan a la restauracién de las condiciones oligo-mesohalinas 0 mesohalinas. Los 2
metros de arcillas superiores, previos al transito, estén desprovistos de ostracodos, 10 que impide la
investigacion de |os cambios paleoambientales del Mioceno terminal, si bien las primeras muestras del

Plioceno Inferior indican claramente la restauraci én brusca de condiciones totalmente marinas.

Palabras clave: Ostracodos, Messiniense final, evento lago-mare, Norte de Italia, evolucion

palecambiental, andlisis estadisticos.

INTRODUCTION

The lago-mare facies, characteristic of the
Mediterranean area during the latest Messinian, has
been widely investigated from a pal eogeographic and
paleontological point of view. Ostracode faunas, typi-
cal of this facies are characterised by an important
contingent of ostracodes of Paratethyan affinity
(Grekoff & Molinari, 1963; Gramann, 1969; Molinari
Paganelli, 1975; Benson, 1976; Roep & Van Harten,
1979; Krstic & Stancheva, 1989; Bossio et al., 1996;
Gliozzi, 1999; Cipollari et al., 1999a,b; Bonaduce &
Sgarrella, 1999; Gliozzi et al., 2002). Their migration
into the Mediterranean area was due both to the wes-
tern closure of the Mediterranean-Atlantic connection
(Weijermars, 1988; Benson et al., 1991; Cita &
Corsdlli, 1993) and to the subsequent humid climate
phase (Griffin, 2002) which diluted the hyperhaline
Mediterranean waters after the Messinian “salinity
crisis’ (McCulloch & De Deckker, 1989). Ostracode
assemblages mirror the dilution to oligo-mesohaline
waters, being characterised by the presence of several
Candoninae, Cyprideis and Amnicythere species. In
the present paper the Lago-mare palaeoenvironment
has been analysed in a new perspective: the detailed
palaeoenvironmental reconstruction of the last
15.000-20.000 years before the marine ingression tes-
tifies to the restored Mediterranean-Atlantic connec-
tion and marks the beginning of the Pliocene.

GEOLOGICAL SETTING

The northern Apennines are part of the circum-
Mediterranean orogen, developed through the conver-
gence between the European and African plates mainly
during Neogene times. The tectonic units of the
northern Apennine chain derive from the deformation
of both the Neotethyan oceanic realm and the Adria
continental realm. In the Montefeltro area (Fig. 1), the
oceanic-derived allochthonous Ligurian Complex
overthrust the “autochthonous’ succession of the
Umbro-Marchean-Romagna domain, sedimented on
the Adria continental microplate. Here, the allochtho-
nous Ligurian Complex (Val Marecchiathrust sheet) is
represented by the Mesozoic and Paleogene sedimen-
tary cover of part of the Ligurian oceanic domain. In
the northern Apennines, as well as on the Va
Marecchia thrust sheet, Epiligurian deposits rest
unconformably on the allochthonous Ligurian units.
Epiligurian succession sedimented in wedge-top
basins, above the forelandward migrating allochtho-
nous Ligurian Complex (Ricci Lucchi, 1986; Roveri
et al., 1999).

The Umbro-Marchean-Romagna “ autochthonous’
succession is characterised mainly by Meso-
Cenozoic deep-water deposits (pelagic basin). The
Neogene terms of this basinal succession extensively
crop out at the footwall of the Val Marecchia thrust
sheet (Fig. 2).
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Ficure 1-Location map of the study sections and geological
sketch-map of the Perticara area. Legend: MARECCHIA
SHEET LIGURID COMPLEX — 27. Sillano Fm. (Upper
Cretaceous-Lower Eocene); 19. Campaolo Fm. (Upper
Oligocene-Aquitanian); UMBRO-MARCHEAN-
ROMAGNA SUCCESSION — 3. Yellowish-grey limesto-
nes (Lower Pliocene, G. puncticulata Zone); 32. Peliti
grigio-azzurre Fm. (Lower Pliocene, Sphaerodinellopsis
spp. to G. puncticulata Zone); 34, 35, 36. “ Colombacci”
Fm. (Upper Messinian); 44. Gessoso-solfifera Fm. (Upper
Messinian); 45. Ghioli di Letto Fm. (Tortonian-Lower
Messinian) (from Conti, 1989, modified).

FIGURE 2—Schematic section showing the geometrical relations
between the Marecchia sheet Ligurid Comples and the
Umbro-Marchean-Romagna Succession. Legend: MAREC-
CHIA SHEET LIGURID COMPLEX - 1. Ligurid
Complex; 2. Campaolo Fm.; 3. S. Marino Fm.; 4. Arenarie
di Perticara Fm.; UMBRO-MARCHEAN-ROMAGNA
SUCCESSION — 5. Marnoso-Arenacea Fm.; 6.
“ Colombacci” Fm.; 7. Peliti grigio-azzurre Fm. (from
Bortolotti et al., 1992, modified).

Close to the Val Marecchia thrust sheet the
uppermost part of the *autochthonous” Umbro-
Marchean Romagna succession crops out (Roveri et
al., 1999). The upper turbiditic lobes of the Marnoso-
Arenacea Fm. (Late Tortonian) are capped by the
Ghioli di letto Fm. (Late Tortonian — Messinian), a
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thick fine-grained unit made up by thin bedded-turbi-
dites, hemipelagites and submarine slide deposits. This
fining-upward sequence (T2 sequence sensu Ricci
Lucchi, 1986) is abruptly overlain by the Gessoso-
Solfifera Fm, here exclusively made up by resedimen-
ted evaporites. In turn, the evaporites are capped by the
late Messinian Lago-Mare “ Colombacci” Fm. and by
the Peliti grigio-azzurre Fm., which mark the re-esta-
blishment of marine conditions in the Mediterranean
basin during the Early Pliocene.

In the Montefeltro area the Messinian terms of
the autochthonous succession crop out, resting on the
Tortonian Marnoso-Arenacea Formation. The Perti-
cara section (Fig. 3), studied in detail in the present
paper, includes the “Colombacci” Fm. and the Early
Pliocene Pdliti grigio-azzurre Fm. which conformably
overly them. The “Colombacci” Fm. is represented by
the association of severa lithofacies: varicoloured,
thin laminated pelites bearing abundant brackish ostra-
codes; intercalated sandstones and conglomerate len-
ses (not found at Perticara), black sandy-clays and che-
mically precipitated white limestones (“colombaccio’
s.s.) of variable thickness from 3