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Preface

At the general meeting of the Houston symposium, when we proposed to invite the next sym-
posium to Shizuoka, Japan, someone asked us about the theme of the upcoming symposium. We
replied that we intended to focus attention on the evolutionary biology of Ostracoda, its funda-
mentals and applications. On second thought, however, we felt that this theme would be inappro-
priate because evolutionary biology is a nomothetic science, whereas the study of Ostracoda adopts
a more or less idiographic approach. Thus it was realized that our intention comprised two general
approaches.

One fundamental approach is expressed in the words “‘evolutionary biology” and is especially
intended to extend evolutionary biology into the geological past utilising Ostracoda. Taking ad-
vantage of their ideal characteristics for evolutionary research, it is possible to determine palaeo-
biologically significant events and develop theories. Recent progress in evolutionary biology seems
to have been mainly based on studies of experimental organisms suitable for genetic research,
with hardly any fossil evidence. Furthermore, theoretical syntheses in the field of evolutionary
biology have recently advanced rather rapidly without sufficient palaeontological evidence. We
believe that Ostracoda are one of the most useful organisms for studies intended to overcome
difficulties originating from these circumstances. Understanding evolutionary process can doubt-
less be achieved through the cooperation of biologists and palacontologists. This ostracod research
group, which has been assembling every two or three years since 1963, is in a good position to
conduct such studies.

Another traditional approach may be expressed by the two words, *“‘of Ostracoda”. In spite of the
complaints about idiographically oriented methodology, which employs a little classification and
generalizes on the descriptive level, if we trace the history of this methodology back into the time
of Linnaeus and consider that our knowledge of Ostracoda was virtually nil at that time, our
present knowledge is unexpectedly vast in both space and time; it also includes aspects from
many fields of biology and other related sciences, as anyone who has studied Ostracoda knows.
This knowledge of Ostracoda has been strengthened by generalizations on the descriptive level
in the same manner as generalities have known as ‘laws’ in evolutionary biology. Even if we
defer to the criticism of a strongly idiographic approach, the addition of the words ““of Ostracoda”
will, at least, still prevent studies from becoming mere intellectual exercises in the nomothetic
and evolutionary disciplines. :

Our other aim is to learn of fundamental studies which can be of vital importance, especially for
biostratigraphy and palaeobiogeography, and therefore in the exploration for petroleum resources.
Studies made by petroleum palaeontologists may even be able to relate evolutionary changes in
ostracod fauna to the temporal influx of sea water flowing into the continents and to the movement
of the plates.

As this was the first time this symposium was held outside of America or Europe, its results will

xi



Xii PREFACE

aid and influence future ostracod studies in the Asian area. We wish to thank all our contributors
and discussion participants for helping to promote a productive and well attended symposium.
Chinese ostracodologists kindly agreed to receive an excursion to visit fossil localities in China.
For advice, assistance, and help in surmounting the language barrier, we are grateful to many
of our colleagues. Professor John W. Neale and Dr. Heinz Malz prolonged their stays in Japan
and gave us invaluable advice, assistance and support. Dr. J. F. Babinot, Dr. P. Carbonel, Dr.
Thomas M. Cronin, Dr. P. O. Ducasse, Professor Gerhard F. Hartmann, Professor Joseph E.
Hazel, Dr. Yasuaki Ishiwada, Professor Roger L. Kaesler, Dr. Takahiro Kamiya, Dr. R, E. L.
Schalireuter, Dr. I. Gregory Sohn, and Dr. Robin C. Whatley also gave us valuable advice and
helped us in innumerable ways. We are deeply indebted to all of these people for their unstinting
help and encouragement both during the symposium and in the editing of these proceedings.

Tetsuro HANAI,
Noriyuki IKEYA and
Kunihiro IsHizAKk1



A

Abe, K., Tokyo, Japan 367, 919
Adamczak, F.J., Stockholm, Sweden 275
Athersuch, J., Sunbury, England, U.K.
Ayress, M., Aberystwyth, Wales, U.K.

B

Babinot, J.F., Marseille, France
Bentley, C., Canberra, Australia

1187
739

823
439

Bismuth, H., Tunis-Belvédére, Tunisia 1087,
1261
Bodergat, A.-M., Villeurbanne, France 413
Bonaduce, G., Naples, Italy 375, 449, 1087
C
Carbonel, P., Talence, France 341, 353, 1003
Chen, D.-Q., Nanjing, P.R. China 797
Choe, K.-L., Seoul Korea 121, 367
Christensen, O.B., Stavanger, Norway 1269
Colin, J.-P. Bégles, France 823
Cronin, T.M., Reston, Virginia, U.S.A. 39,
871, 927
D
Danielopol, D.L., Mondsee, Austria 375, 485
Dehler, D., Purchase, New York, U.S.A. 597
Denver, L.E., Lawrence, Kansas, U.S.A. 671
Dewey, C.P., Mississippi, U.S.A. 685
Dias-Brito, D., Rio de Janeiro, Brazil 467
Dingle, R.V., Cape Town, South Africa 841
Donze, P., Villeurbanne, France 1261
Droste, H.J., Amsterdam, Netherlands 721
Ducasse, P.O., Talence, France 939, 1003
F, G
Farmer, M., Talence, France 1003
Finger, K.L., LaHabra, California, U.S.A. 1101

Xiii

List of Contributors

Foster, D.W., Lawrence, Kansas, U.S.A. 207
Geiger, W., Mondsee, Austria 485
Gerry, E., Ramataviv, Israel 659
Gou, Y.-S. Nanjing, P.R. China 797
Gramm, M.N., Vladivostok, U.S.S.R. 159
Guan, S.-Z. Beijing, P.R. China 1147

H
Hanai, T., Tokyo, Japan 17
Hao, Y.-C., Beijing, P.R. China 1163
Hartmann, G.F., Hamburg, F.R.G. 699, 787
Hartmann-Schroder, G., Hamburg, F.R.G. 699
Hayashi, K., Tokyo, Japan 557
Hazel, J.E., Baton Rouge, Louisiana, U.S.A. 39
He, J.-D., Nanjing, P.R. China 1153
Hoibian, T., Talence, France 353
Honigstein, A., Tel-Aviv, Israel 659
Hoose, E.M., Purchase, New York, U.S.A. 597
Hou, Y.-T., Nanjing, P.R. China 235

L3J
Ikeya, N., Shizuoka, Japan 319, 413, 891
Jones, P.J., Canberra, Australia 259

K
Kaesler, R.L., Lawrence, Kansas, U.S.A. 207,

671

Kamiya, T., Kanazawa, Japan 303
Keen, M.C., Glasgow, Scotland, U.K. 967

Keyser, D.A., Hamburg, F.R.G. 177

Khalaf, S.K., Mosul, Iraq 1113

Khosla, S.C., Udaipur, India 93, 105

Kielbowicz, A.A., Florencio Varela, Argentina
1125

Kontrovitz, M., Monroe, Louisiana, U.S.A.

Kornicker, L.S., Washington, D.C., U.S.A.

187
243



Xiv LisT OF CONTRIBUTORS

Krstie, N., Beograd, Yugoslavia
L

Lee, E.-H., Seoul, Korea 541
Lété, C., Talence, France 939, 1003
Li, Y.-G., Beijing, P.R. China 1173
Li, Y.-W., Chengdu, P.R. China 1245
Li, Z.-W., Gansu, P.R. China 1293
Lord, A.R., London, England, U.K.
Lundin, R.F., Tempe, Arizona, U.S.A.
1051

M

Maddocks, R.F., Houston, Texas, U.S.A.
637
Malz, H., Frankfurt am Main, F.R.G.
75
Mascellaro, P., Naples, Italy 1087
Masoli, M., Trieste, Italy 449
Maybury, C., Aberystwyth, Wales, U.K., 569
McCalla, D., Purchase, New York, U.S.A. 597
McKenzie, K.G., Wagga Wagga, Australia 29
Moguilevsky, A., Aberystwyth, Wales, U.K. 293
Moura, J.A., Rio de Janeiro, Brazil 467, 1207
Myers, J.H., Monroe, Louisiana, U.S.A. 187

N

Nagori, M.L., Udaipur, India 105
Neale, J.W., Hull, England, U.K. 3, 81, 709
Nohara, T., Okinawa, Japan 429

o, P

Okubo, 1., Okayama, Japan 135
Orellana, C., Mondsee, Austria 485

1063

63, 855
145,

219,

57, 63,

Paik, K.-H., Seoul, Korea 541
Peypouquet, J.-P., Talence, France
Pugliese, N., Trieste, Italy 449

R

Reyment, R. A., Uppsala, Sweden
Rosenfeld, A., Jerusalem, Israel
Rousselle, L., Talence, France
Ruggieri, G., Palermo, Italy
Russo, A., Modena, Italy

1003

987
659
939
1087
1087

S
Schallreuter, R.E.L., Hamburg, F.R.G. 1041
Scharf, B.W., Mainz, F.R.G. 501
Schmidt, N., Tucson, Arizona, U.S.A. 927
Schornikov, E.I., Vladivostok, U.S.S.R. 195,

951
Shi, C.-G., Nanjing, P.R. China 1293
Siddiqui, Q.A., Halifax, Canada 533
Singh, P., Dehra Dun, India 81, 619
Sohn, 1.G., Washington, D.C., U.S.A. 243
Steineck, P.L., Purchase, New York, U.S.A.
Su, D.-Y., Beijing, P.R. China 1173
Swain, F.M., Newark, Delaware, U.S.A.

T

Tabuki, R., Okinawa, Japan 429

Terrat, M.-N., Metz, France 485
Titterton, R., Gwynedd, Walse, U.K. 759
Tolderer-Farmer, M., Talence, France 341
Tsukagoshi, A., Shizuoka, Japan 891

U, Vv
Ueda, H., Shizuoka, Japan

597

1153

319

Van Harten, D., Amsterdam, Netherlands 721
Van Nieuwenhuise, D.S., Tulsa, Oklahoma, U.S.A.
1153

w

Wang, P.-X., Shanghai, P.R. China 805

Watson, K., Aberystwyth, Wales, U.K.

Whatley, R.C., Aberystwyth, Wales, U.K.
399, 569, 739, 759, 1021

Wilkinson, I.P., Keyworth, England, U.K.

Wiirdig, N., Porto Alegre, Brazil 467

X, Y, Z
Xu, M.-Y. Xian, P.R. China

399
293,

1229

1283

Yajima, M., Tokyo, Japan 1073
Yang, F., Beijing, P.R. China 519
Ye, D.-Q., Daging, P.R. China 1217

Zhang, L.-J., Shenyang, P.R. China
Zhao, Y.-H., Nanjing, P.R. China 235
Zhao, Q.-H., Shanghai, P.R. China 805

1173



A

Abe, K., Tokyo, Japan

Adachi, S., Tsukuba, Japan

Adamczak, F. J., Stockholm, Sweden
Al-Furaih, Ali A. F., Riyadh, Saudi Arabia
Athersuch, J., Sunbury, England, U.K.

B

Bentley, C. J., Canberra, Australia
Berdan, J. M., Washington, D.C., U.S.A,
Bismuth, H., Tunis-Belvédére, Tunisia
Bodergat, A.-M., Villeurbanne, France
Bonaduce, G., Naples, Italy

C
Chinzei, K., Kyoto, Japan
Choe, K.-L., Seoul, Korea
Christensen, O. B., Stavanger, Norway
Cohen, A. C., Los Angeles, U.S.A.
Colin, J.-P., Bégles, France
Colizza, E., Trieste, Italy
Copeland, M. J., Ottawa, Canada
Cronin, T. M., Reston, Virginia, U.S.A.

D

De Deckker, P., Clayton, Australia
Dias-Brito, D., Riode Janeiro, Brazil
Dingle, R. V., Cape Town, South Africa

F, G
Frydl, P. M., Calgary, Canada
Gou, Y.-S., Nanjing, P.R. China
Groos-Uffenorde, H., Géttingen, F.R.G.
H
Hall, S.J., Sydney, Australia

Participants

Han, D.-X., Beijing, P.R. China
Hanai, T., Tokyo, Japan

Hao, Y.-C., Beijing, P.R. China
Hartmann, G. F., Hamburg, F.R.G.
Hatanaka, M., Tokyo, Japan
Hayami, 1., Tokyo, Japan

Hayashi, K., Tokyo, Japan

Hazel, J.E., Baton Rouge, Louisiana, U.S.A.
Hiruta, S., Kushiro, Japan
Honigstein, A.C., Tel-Aviv, Israel
Hou, Y.-T., Nanjing, P.R. China

I

Ikeya, N., Shizuoka, Japan
Inoue, H., Tokyo, Japan
Ishizaki, K., Sendai, Japan
Iwasaki, Y., Kumamoto, Japan

K

Kaesler, R.L., Lawrence, Kansas, U.S.A.
Kamiya, T., Kanazawa, Japan

Keen, M.C., Glasgow, Scotland, U.K.
Keyser, D.A., Hamburg, F.R.G.

Khosla, S.C., Udaipur, India

Kitazato, H., Shizuoka, Japan

Kontorovitz, M., Monroe, Louisiana, U.S.A.
Koshikawa, K., Tokyo, Japan

Kirstié, N., Beograd, Yugoslavia

L

Lee, E.-H., Seoul, Korea

Li, Y.-G., Beijing, P.R. China

Li, Y.-W., Chengdu, P.R. China

Lord, A.R., London, England, U.K.
Lundin, R.F., Tempe, Arizona, U.S.A.

M
Maddocks, R.F., Houston, Texas, U.S.A.



xvi PARTICIPANTS AND NON ATTENDING MEMBERS

Malz, H., Frankfurt am Main, F.R.G.

Maybury, C.A., Aberystwyth, Wales, U.K.

Mckenzie, K.G., Wagga Wagga, Australia
Moriya, S., Tokyo, Japan
Moura, J.A., Rio de Janeiro, Brazil

N, O

Neale, J.W., Hull, England, U.K.
Nohara, T., Okinawa, Japan

Oertli, H. J., Pau, France
0ji, T., Tokyo, Japan
Okada, H., Shizuoka, Japan
Okubo, 1., Okayama, Japan

P, R

Paik, K.-H., Seoul, Korea
Peypouquet, J.-P., Talence, France
Pugliese, N., Trieste, Italy

Reyment, R.A., Uppsala, Sweden
Rosenfeld, A., Jersalem, Israel

S

Sato, T., Tokyo, Japan

Schallreuter, R.E.L., Hamburg, F.R.G.
Scharf, B.W., Mainz, F.R.G.

Schmidt, N.J., Tucson, Arizona, U.S.A.
Schweitzer, P.N., Woods Hole, U.S.A.
Shi, C.-G., Nanjing, P.R. China
Siddiqui, Q.A., Halifax, Canada

Al-Abdul-Razzaq, S.K., Kuwait, Kuwait
Blom, W., Sydney, Australia

Carbonel, P., Talence, France
Carbonnel, G., Villeurbanne, France
Danielopol, D.L., Mondsee, Austria
Decrouez, D., Geneva, Switzerland
Dewey, C.P., Mississippi, U.S.A.

Singh, P., Dehra Dun, India

Siveter, D.J., Leicester, England, U.K.
Sohn, 1.G., Washington, D.C., U.S.A.
Steineck, P.L., Purchase, New York, U.S.A.

T

Tabuki, R., Okinawa, Japan
Tambareau, Y.J., Toulouse, France
Titterton, R., Gwynedd, Wales, U.K.
Tohbaru, M., Okinawa, Japan
Tsukagoshi, A., Shizuoka, Japan

UV

Ueda, H., Shizuoka, Japan
Van Harten, D., Amsterdam, Netherlands
Van Nieuwenhuise, D.S., Tulsa, Oklahoma, U.S.A.

w

Wang, P.-X., Shanghai, P.R. China
Watson, K.A., Aberystwyth, Wales, U.K.
Weitschat, W.U., Hamburg, F.R.G.
Whatley, R.C., Aberystwyth, Wales, U.K.
Wilkinson, I.P., Keyworth, England, U.K.

XY
Xu, M.-Y., Xian, P.R. China

Yajiam, M., Tokyo, Japan
Yamaguchi, T., Chiba, Japan
Yang, F., Beijing, P.R. China
Ye, D.-Q., Daqing, P.R. China

Non-Attending Members

Ducasse, P.O., Talence, France

Finger, K.L., La Habra, California, U.S.A.
Haskins, C.W., Gwynedd, Wales, U.K.
Ishiwada, Y., Tokyo, Japan

Jones, P.J., Canberra, Australia

Kielbowicz, A.A., Florencio Varela, Argentina



|

Addresses at
the General Assembly



This Page Intentionally Left Blank



Ostracoda—A Historical Perspective

JouN W. NEALE
University of Hull, England

The Organising Committee of the Ninth International Symposium greatly honoured me by
their kind invitation to give this Keynote Address. At the same time they presented me with a
considerable problem. In his Keynote Lecture to the Eighth Symposium at Houston, Professor
Kesling not only said most of what I wanted to say, but said it with considerable elegance and
wit. In looking for a different approach I thought that it might be useful to consider our field of
study in its historical context, and in so doing perhaps assist new workers entering the field by
drawing attention to some of the more interesting and useful papers that can be read with profit.
A necessarily brief review of this sort immediately introduces a great element of selectivity, some
would say bias. Thus, at the outset, let me say that in the following remarks I shall make no re-
ference to that large group of ostracods the Myodocopida nor to the eminent zoologists who
worked on them. At the same time I am sure that colleagues working in the Palaeozoic will also
feel that their special interests are under-represented. Nevertheless, I hope that at the end we shall
have achieved a broad, and not too distorted, overview of where we and our subject stand as we
start our more detailed deliberations.

In the current issue of ‘Cypris’ we are invited to contemplate a piece of Pueblo pottery dating
back to about A.Dp. 1000 ~1150 in which the Mogollon people of New Mexico used what appear
to be undoubted ostracods in one of their decorative designs. The figures have even been tentatively
named as Chlamydotheca or Megalocypris! In 1746 Linnaeus described an ostracod but our start-
ing point may be taken as 1753 when Mr. Henry Baker published his “Employment for the Micro-
scope” as a supplement to his ‘“Microscope Made Easy” of 1742. Here, 232 years ago, what appears
to be a species of Cypris was both figured and described.

We may ponder that in that same year King George II sat on the throne of England and Sir
Hans Sloane founded the British Museum. In Japan the Shogun Tokugawa lIeshige held sway,
while in China the Manchu Dynasty was paramount with the Ch’ien Lung Reign of Kao Tsung.
Louis XV occupied the throne of France, whilst in America a young English surveyor by name
of George Washington was sent by the Governor of Virginia to Fort Le Boeuf to ask these same
French to withdraw from Ohio.

Progress in the early days was slow and dominated by Taxonomy, that discipline which must
precede all other work in the field of Natural History.

TAXONOMY

The start of Linnean taxonomy in our group may be taken as 1776 when the Danish worker
Otto Friedrich Miiller established the genus Cypris, to be followed by his Cythere in 1785. Appro-
priately enough in its bicentenary year, the latter is the subject of a paper to be given by Ikeya and

3
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Malz later in this Symposium. The next significant date is 1806, ingrained in our minds from writing
“Subclass Ostracoda Latreille 1806”. Pierre André Latreille (1762-1833) was a Frenchman who
was known to the early 19th Century as the “Prince of Entomology”. Oertli (1983) tells the fas-
cinating story of how Latreille was sentenced to deportation in 1795 after the French Revolution
on account of his religious education. The discovery of a new species of beetle in his cell which
was drawn to the attention of Bory de Saint-Vincent saved his life and thus kept his name per-
petually before us. Another Frenchman, Anselme Gaetan Desmarest (1784-1838) has the honour
of describing the first fossil ostracod, Cypris faba, collected from the Oligocene between Vichy and
Cusset at La Balme d’Allier. He may justly be claimed as the “‘Father of Ostracod Micropalaeon-
tology”. Thereafter, progress in the field of both Recent and fossil taxonomy was swift. The early
part of the nineteenth century was dominated by such figures as Strauss, Jurine, Roemer and Reuss,
followed a little later by Cornuel and Bosquet to name but a few. In Britain it was fossil forms
that first received monographic treatment, T.R.Jones’ Cretaceous work of 1849 preceding Baird’s
Recent monograph by just one year. During the second half of the century, work on fossil ostracods
continued with people like Chapman, Seguenza and Terquem, and Recent freshwater forms were
well served by Moniez, Vavra and others. Work on Recent marine forms occupied a dominant
position, however, and received attention from five of the best known ostracod workers. In Britain
David Robertson (1806-1896), The Reverend A.M.Norman (1831-1918) and G.S.Brady (1832~
1921) produced a whole series of papers and monographs which are familiar to most of us. In
Norway G.O.Sars (1837-1927) working in Bergen established the categories “Myodocopa, Clado-
copa, Podocopa and Platycopa’ as early as 1866, while in Germany G.W.Miiller is particularly
remembered for his great work on the Gulf of Naples Fauna of 1894. The beginning of the twen-
tieth century was marked by something of a pause until the late 1920’s and 1930’s saw a great
expansion of interest as the pace of oil exploration quickened, with increasing attention paid to
ostracods in America and Germany.

In the first half of thi§ century one of the main pre-occupations was the recognition of the pro-
blem of juvenile moults and sexual dimorphism in taxonomy. By the mid-1950’s the general
awareness of this problem meant that it no longer dominated the thoughts of taxonomists to quite
the same extent.

In the taxonomy of any group there is a primary analytical phase mainly concerned with the
description of new species, followed by a phase of synthesis when the knowledge gained is collated
and ordered in various ways. In ostracods the analytical phase has lasted well over 200 years and
is still very much with us. We are still only at the outset of the phase of synthesis which will gather
momentum in the coming years. At this stage it is useful to look more closely at taxonomy from
the point of view of some of the problems involved.

In the establishment of any species there are three mandatory requirements namely 1, Illustration
2, Diagnosis and 3, Description (to some extent now becoming superfluous). To this one may add
a fourth which is not mandatory but which is perhaps second only to illustration in usefulness,
namely a discussion of affinities and differences. If we now look at problems which arise in tax-
onomy we may list them broadly under three headings.

Ilustration

This has been the cause of numerous problems of interpretation. From earliest times until the
present day illustration has been by means of shaded drawings and line diagrams, exclusively so
until the beginning of this century. These have varied from the very good to the very bad. The
“very bad”, the cause of many of our problems, we need mention no further but superb examples
of the shaded drawing at its best may be seen in Brady’s “Challenger” Monograph of 1880 and
Miiller’s “Gulf of Naples’” Monograph of 1894 to name but two among many. This tradition is
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continued by a number of living workers at the present day and one may perhaps pay tribute here
to the standard of line drawing set by C.W.Wagner in his 1957 work on the Pleistocene which has
rarely been equalled for clarity in showing the essential internal features of the shell. The con-
ventions employed in the shaded, three-dimensional drawings are legion and would make an intere-
sting thesis.

Optical photography came late on the scene and only really developed in the 1930’s. Its basic
drawback was the problem of overcoming the inherent incompatibility between resolution and
depth of focus consequent on the material whose size falls just between the availability of two
different photographic techniques. The one master in this field of optical photography was Eric
Triebel (1894-1971) who worked in the Senckenberg Museum in Frankfurt. His daughter regularly
demonstrated to visitors the ease and simplicity of the technique but few could equal the quality
of his pictures. The literature contains many examples of papers published with illustrations so
poor as to be completely useless.

This inter-regnum of some forty years ended with the development of the electron scanning
microscope in the late 1960’s. Peter Sylvester-Bradley (1913-1978) was the first to realise its full
significance and potential and as a result founded the Stereo-Atlas of Ostracod Shells. This
development of three-dimensional representation by means of stereo-pair photographs has re-
volutionised taxonomy. The fact that the photograph is often better and shows more than the
actual specimen under the light microscope has cut down the need to visit collections or borrow
specimens to a large extent. It has also rendered the need for pedestrian description in establishing
taxa largely superfluous. Alas authors can still be badly served by the printer who has it in his
power to ruin even the most perfect of original photographs. Generally, however, illustration
is no longer a problem.

Variation, Moulting and Sex

The taxonomic problems caused by these have been noted already and other problems have
now assumed a greater importance.

Present Problems

At the present day problems arise in three main areas. These may be listed as 1, Communication;
2, The Taxonomic Explosion and 3, Data Handling.

Communication

Rapid dissemination of information and results has always been an important requisite in
Science, and even more so with the current spate of papers appearing daily. The solution to this
has been two-fold. Firstly, with great prescience Harbans Puri, helped by Gioacchino Bonaduce
arranged the First International Ostracod Symposium in Naples in 1963 attended by twenty-
three ostracodologists. This provided a valuable forum for the interchange of ideas and a catalyst
for work in this field. Many valuable taxonomic papers have resulted and one may instance the
detailed analysis of the furcal attachment and its use in the taxonomy of freshwater ostracods by
Dom Rome (1893-1974) presented to the Second Symposium held in Hull in 1967. These Symposia
have proved their worth and have been held at intervals ever since, so that we now find ourselves
attending the Ninth,

The Naples Symposium also set up the second branch of communication in establishing an
ostracod newsletter “The Ostracodologist” which Ephraim Gerry produced single handed for
nearly twenty years. Now that “The Ostracodologist” has evolved into “Cypris” it is fitting to
pause and remember the very great debt that we owe to Ephraim Gerry’s dedication.
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The Taxonomic Explosion

In many ways this is the most worrying and intractable problem for new taxa have been appear-
ing at an accelerating rate over the last twenty years. The task of keeping up with an ever increas-
ing and widely spread literature is daunting. There are a number of ways in which some amelio-
ration is possible and which help in the task of synthesis and simplification.

Keys

The production of a key to genera and species is one of the standard approaches of the biologist
and can be strongly recommended as a discipline to clarify the mind for palaeontologists as well.
The development of a good and usable key is a surprisingly difficult exercise. Personal experience
of keys suggests that they often fail at the critical moment. It is no use referring to structures
found only in males if you have no males among your specimens!

The Greater Use of Subgenus and Tribe

These can make an appreciable contribution to the simplification of what is rapidly becoming
an unmanageable output of new names. They have been used to great effect by a number of our
most active taxonomists and it is a source of concern that the current Treatise of Invertebrate
Paleontology Committee has apparently decided that the Tribe, an accepted taxonomic category,
shall not be used. It is to be hoped that the Committee will have second thoughts on this and leave
such matters to the taxonomic judgement of the authors concerned.

Check Lists

The development of Check Lists over the last fifteen years has provided a most useful aid in
coping with the enormous increase in taxonomic output. They cover many areas including South
Africa (McKenzie, 1971), India and Ceylon (McKenzie, 1972), Japan (Hanai ef al., 1977), Australia
and Papua (De Deckker and Jones, 1978) and South East Asia (Hanai, Ikeya and Yajima, 1980).
Very much more than Check Lists, but of great value as such, are the detailed faunal studies of
certain regions such as those of Hartmann (1962 and others) on the Chilean Coast, and the
coasts of West Africa, Australia and elsewhere.

Taxonomic Handbooks

An important source of reference, these represent a synthesis of information as known at the
time of publication. Modern works started essentially in 1952 with the ongoing Ellis and Messina
“Catalogue of Ostracoda”, Howe’s “Handbook of Ostracod Taxonomy” (1955) and Grekoff’s
“Guide Pratique” (1956). Since then we have had Pokorny’s Grundziige der Zoologischen Micro-
paldontologie (1958), the Russian (1960) and Anglo-American (1961) Treatises, Van Morkhoven’s
two-volume work (1962/3) and Hartmann (1963, 1968). Since then the most significant work has
been the Classification of Hartmann and Puri (1974). With the growth in taxa in the last twenty
years a revised Treatise is long overdue. It will, however, need to be a very different work from
its predecessors. An old drawing or figure of the holotype is no longer sufficient. A good S.E.M.
photograph (preferably stereoscopic) is essential, and failing the holotype, figures of a lectotype
or at very least topotype material of each genus is needed coupled with a unique diagnosis. A
counsel of perfection would include also a note on affinities and differences and a key.

Data Handling

This has received increasing attention over the last ten years.

Data Bases

All taxonomists maintain some sort of data base. One of the earliest, most comprehensive and
best known is that established by Henry van Wagenen Howe (1896-1973) at the Louisiana State
University, Baton Rouge. In the past such data bases have tended to become so burdensome, or
required such a disproportionate amount of time to maintain, as to leave little or no time for
research. The advent of the easily available computer has altered all that and given exciting pos-
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sibilities for the interchange of data on disc and tape as well as by print out. The Cologne Index
of non-marine ostracods produced by Kempf in 1980 and now being expanded to include marine
ostracods is a case in point. There is no doubt that this area will continue to develop and grow
during the next few decades.

Computerised Recognition of Taxa.

A taxonomist’s dream, this seems unlikely to be realised even though work on computerised
recognition of pollen grains is well advanced in my own University. Ostracods would seem to
present too many variables in the form of growth stages, sexual dimorphism and phenotypic
variation to make such a development possible. History, however, has a long record of over-
turning statements such as this and in future such pessimistic views may well be proved wrong to
our great and lasting benefit.

Taxonomy continues to be the basic foundation of ostracod studies. It took a century before
a second strand became firmly established.

BIOSTRATIGRAPHY

Work on fossil ostracods gathered pace in the first half of the nineteenth century but their use
in biostratigraphy was overshadowed by other groups. It is no surprise that their first useful
application was in the non-marine Mesozoic rocks. The English Purbeck and Wealden deposits
contain many biostratigraphically unrewarding materials such as plant remains, insects, dinosaur,
turtle and crocodile bones and non-marine Mollusca, but ostracods (especially the genus Cypridea)
often turn up in great abundance on the bedding planes. Recognition of their biostratigraphical
value was due to Edward Forbes (1815-1854) although his views were expressed in only two short
papers. It was left to T. Rupert Jones in the second half of the nineteenth century to augment
Forbes’ work and produce the zonal system, later refined by F.W.Anderson (1905-1982) and P.C.
Sylvester-Bradley (1913-1978), which now forms the standard for correlation of these non-marine
deposits throughout Western Europe. In the last thirty years similar work by Krommelbein (1920~
1982) and others has provided a standard for South American and West African non-marine
Mesozoic rocks.

Marine biostratigraphy, as distinct from description of faunas, has been largely a twentieth
century phenomenon. Techniques are standard and results have been mixed. Many local schemes
exist but ostracods are very dependent on their environment and wide-ranging zonal indices still elude
us. Perhaps the most interesting development in this area has been the attempt by Sissingh (1976)
to correlate late Tertiary deposits from different environments in the Mediterranean and Aegean
areas. With this growth of taxonomic and biostratigraphical work there came a growing awareness
of ecological controls and the development of work in this field which we may look look at next.

EcoLoGgy

Ecology covers a wide range of topics. The early workers were well aware of the principal con-
trols such as salinity and temperature although their primary concern was with taxonomy and
related matters. Predation by ostracods was recognised as early as 1821 when Strauss described
Cypris feeding on carrion. Over a century later this topic caused considerable interest when Des-
chiens, Lamy and Lamy (1953) described Cypridopsis hartwigi Miiller from Africa feeding on the
snails which form one of the vectors in the transmission of the disease bilharziasis. Unfortunately
the value of this ostracod as a potential biological control has never been proved and even so
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its use would probably be impracticable.

Ostracods as victims of predators are much better known. At the turn of the century Scott was
investigating the numbers and taxonomy of ostracods eaten by fish for the Fisheries Board of
Scotland. They are also known to be eaten by a wide variety of other organisms such as ragworms,
echinoids, gastropods and amphibians. There is even a record from the Trias of India of freshwater
ostracods ingested, apparently accidently, by what is thought to have been a rhynchosaur whilst
munching vegetation. It was Rees (1940), however, who demonstrated a relationship between the
size of ostracod population, presence of ragworms, nature of the substrate and availability of
food supply on a mud flat in the Severn Estuary and so linked together a number of different
factors affecting the population. The varying distribution of juveniles and adults and of the dif-
ferent sexes has also elicited a considerable literature and the idea of seasonal migration was in-
troduced by Tressler and Smith (1948).

Colour in ostracods is a neglected subject. H. Munro Fox, author of the standard work on co-
lour in animals, only took up ostracod research in the last ten years of his life after retirement.
During this period he made no particular contribution on colour in ostracods. Yet some fresh-
water species show brilliant purple and orange markings, or are suffused with deep green or sepia
hues and patterns and the subject may be well worth exploring. Strandesia sexpunctata from South
East Asia has three bright violet, perfectly circular spots on each valve which perhaps suggests
the eyes of a much larger animal and thus acts as a defence mechanism to deter would be predators.
Function in these matters, however, is always difficult to determine with any certainty. A whole
range of other factors is relevant to ecological studies as an acquaintance with the literature will
confirm. Ecological studies, as distinct from works containing ecological comments incidental
to other studies, may perhaps be said to start with Elofson’s study of the ostracods of the Skagerrak
(1941) in which he gives information on temperature, salinity and substrate and makes some at-
tempt to relate the nature of the shell form to the substrate. With the intervention of the war,
ecological studies were slow to develop and the next major study was that by Swain on San An-
tonio Bay, Texas (1955) since when a whole range of studies in varying detail has covered many
parts of the world.

PALAEOECOLOGY

With the interest and value of modern ecological studies firmly established, work on fossil faunas
soon followed. As the modern starting point one may single out C.W. Wagner’s work on the Qua-
ternary of the Netherlands (1957). Here, by applying information gained from living representa-
tives of the same taxa, he was able to reconstruct the old Pleistocene environments. Many palaeo-
ecological studies have appeared since then, often concerned with particular aspects of the environ-
ment. Deductions regarding salinity have been based on extrapolation back from modern taxa
or on associations, but one aspect of salinity studies deserves further mention. Salinity and its
effect on the development of nodes on the shell (almost synonymous with studies on the genus
Cyprideis) has produced a whole literature of its own as the arguments have raged between the
proponents of genotypy, phenotypy, polyploidy and the like. From many papers one may single
out for reference Sandberg’s work on Cyprideis in the Americas (1964) and Kilenyi’s paper dealing
with transient and balanced genetic polymorphism as an explanation of variable noding (1972).
Bibliographies in these papers will provide anyone interested with plenty of further reading.

Temperature has been covered many times in Quaternary and Tertiary studies but an interesting
use of Uniformitarianism can take us as far back as the Cretaceous. There are no species in common
with the present and few genera either, but the present day platycopids Cytherella and Cytherel-
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loidea are well represented. Sohn (1962) showed that the genus Cytherella has a world-wide dis-
tribution at the present day whilst Cytherelloidea is confined to waters where the temperature never
drops below approximately 11°C. This gives a useful means of making some judgement about
temperature in Cretaceous and Jurassic times when these genera occur. Admittedly one makes
the assumption that temperature constraints in these genera have not changed through time but
there is a certain amount of contributory evidence to suggest this when the distribution of fossil
Cytherelloidea is plotted with reference to the equator of Cretaceous times.

A more recent application of ostracods to the elucidation of temperature based on Unifor-
mitarian principles is seen in Hazel’s investigation of Pleistocene deposits in submarine canyons
off the eastern coast of North America (1968). Here, by using the present temperature ranges and
distributions of Recent species represented in the faunas, he was able to show that the Pleistocene
faunas were comparable with those living at latitudes approximately 5° further north than today
or, in other words, that the faunas in the canyons lived at water temperatures at least 5° colder
than those found in the area at present.

Predation in the fossil record is not easy to ascertain. Animals that are eaten have an unfortunate
habit of leaving no trace! Gastropods, however, eat their prey by boring a hole in the shell and
removing the soft parts but leaving the shell intact. In a series of papers Reyment (1963 and others)
demonstrated not only the preferred locus of attack but also that in the Nigerian Palacogene the
steep-sided, cylindrical holes made by the Family Muricidae could be differentiated from the dished
conical holes surrounded by a frosted area due to scraping of the radula made by gastropods be-
longing in the Family Naticidae.

The late 1960’s and early 1970’s saw the development of three interesting ideas of great value
in palaeoecological studies. In 1967 and again in 1971, Pokorny examined the theme of diversity
and diversity indices. In a penetrating study of the value and limitations of this method and the
Walton and Simpson Indices commonly used, he took as an example a study of two sections in
the Upper Cretaceous of Bohemia. This enabled him to recognise regressions and transgressions
and thus to compare two very different sections, the one located in the axial zone of sedimenta-
tion, the other in the shallow water zone far removed from it. In 1969, Kilenyi, working in the
Thames Estuary, drew attention to the problem of differentiating biocoenosis and thanatocoenosis
together with the problem of transported material. In 1971 he returned to this topic with the re-
construction of the biocoenosis, questions of population structure and constancy, the significance
of valve — carapace ratio, and post-mortem transport of valves and carapaces amongst other
matters. In the same year, Oertli (1971) covered aspects of burial, rate of sedimentation, the signi-
ficance of separated valves compared with carapaces, colour and degree of pyritisation and the
separation of juveniles and adults by current activity. These can all be used to give important in-
sights into the nature of the environment affecting past communities. Study of the work of these
three authors mentioned above is essential for any ostracodologist aspiring to work in this field.

PALAEOGEOGRAPHY, MIGRATION, DISTRIBUTION

With the basic techniques in palaeoecology established, other considerations came to the fore,
among which were questions of distribution, migration and palaeogeography. Starting in 1967,
McKenzie published a number of papers which examined the migration, distribution and implica-
tions of Tertiary ostracods in the Tethyan Region. In Western Furope a somewhat different ap-
proach was adopted by Keen (1977 and others) who was able to construct salinity profiles for the
Tertiary deposits of the Hampshire Basin. His recognition of assemblage environments led on to
a reconstruction of the palaeogeography of that area in early Tertiary times.
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Meanwhile, in the area in which we are holding this Symposium, careful examination of a
sequence of samples allowed Ishizaki (1977) to establish the existence back in the Upper Pliocene
of the forerunner of the Kuroshio Current which today flows northwards between Taiwan and
Okinawa to Kyushu.

Some of the most stimulating work of the last two decades has come from studies of the Cre-
taceous System. The non-marine rocks of the northern hemisphere have raised many problems,
some of which are still far from solution. Particularly difficult has been the problem of dispersal
of the non-marine ostracods (preponderantly Cypridea) between disjunct water bodies stretching
from the western United States through Western Europe to China. General opinion suggests a
movement from west to east with local modifications, but mechanism, direction and rate of dis-
persal still await a definitive solution. Recently Hou You-Tang (1979) has published an interesting
paper showing that Cristocypridea in China migrated south-westwards as time progressed. The
extinction of Cypridea and the rise and fall of related genera is another intriguing problem and
the suggestions and ideas put forward by Colin and Danielopol (1979) are well worth reading. In
the southern hemisphere Krommelbein (1962 and others) and others have shown that a parallel
series of problems exists.

The marine Cretaceous rocks of the northern hemisphere are now well known and in 1973
Donze showed northward migrations from Tethys into the Paris Basin, Germany and Britain in
the early part of Lower Cretaceous times. An explanation presents no problem in this case for the
body of water is continuous and the cause is generally regarded as a combination of marine trans-
gression and the warming up of the seas at this time. On the other hand the marine rocks of the
southern hemisphere provide many difficulties in explaining the distribution and dispersal of the
ostracod faunas. In the 1970°s attention was focussed on the problems inherent in the Australian
Upper Cretaceous where Neale (1976) recognised a mixture of cosmopolitan, austral and endemic
genera. Explanations were put forward in terms of wind systems and ocean currents developed by
the unique palacogeography of that time. Further work led to papers by Tambareau (1982) and
Dingle (1982) and it is pleasing to see that Professor Dingle is returning to that theme in a paper
to be given to the present meeting.

Palaeozoic work has received too little attention in this address but many excellent studies
outside the purely taxonomic and biostratigraphical field exist. Most of these studies use faunal
distributions to establish the various environments and the work of Van Amerom et al. (1970) on
the Carboniferous and Becker (1971) on the Devonian may be quoted as examples.

THE 1960’s AND 1970’s

By 1960 interest was widening and a number of studies appeared which covered new ground.
The following examples will illustrate the general range and scope. In 1960, Reyment introduced
mathematical concepts into the discrimination of species in what may be called mathematical
taxonomy. It is fair to say that attitudes to this development have always been equivocal and it has
always remained very much a minority interest. Among taxonomists there is a deep rooted feeling
that the human brain is a much more sophisticated instrument in the discrimination of differences
than any mathematical manipulation, notwithstanding the charge of subjectivity which may be
levelled against it. On the other hand, mathematical/statistical treatment can be a great help in
palaeoecological studies.

At about this time Sokal and Sneath were developing their work on biological statistics at the
University of Kansas. The application of cluster analysis techniques, amongst others, to the field
of ostracod studies enabled relationships to be discerned either between species occurrences or
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between faunas at different stations. The results, usually in the form of a dendrogram, gave a
graphic display of the groupings and closeness or otherwise of the different associations. An ex-
cellent example, close to the location of our present meeting, can be seen in the work of Ishizaki
(1968) on the faunas of Uranouchi Bay on the Pacific Coast of Shikoku.

In a different field, great progress has been made by means of the detailed study of various mor-
phological features. Careful analysis of the evolution of the adductor muscle scar pattern in platy-
copids and cavellinids by Gramm (1967, 1968 and others) has led to enhanced knowledge of the
relationships within these groups. Other workers have since studied other groups with similarly
useful results regarding their evolution and relationships. Terrestrial ostracods are another subject
in which considerable progress has been made recently. The first species belonging in this small and
little known group was described by Harding (1953) and a further species from New Zealand was
added by Chapman (1961). Starting in the late 1960’s, studies by Schornikov (1969, 1980) have
added greatly to our knowledge of the anatomy and life style of these unusual ostracods. Turning
now to water chemistry, Delorme (1969 and others) sampled fresh waters for ostracods and
measured various physico-chemical parameters on a 10 km grid pattern right across Canada. This
formed the core of a substantial data base and his publications kindled interest in the effects of
water chemistry on the shell and other aspects of ostracod life. More recently Peypouquet, Carbonel
and De Heinzelin (1979), by using their knowledge of the effects of water chemistry on the shell,
coupled with other features such as decalcification, pyritisation, presence of calcite and gypsum,
diversity, noding, reticulation and shell thickness, were able to trace the history of the lacustrine
environments in the East African Rift Valley from the Pliocene onward. '

One of the best known innovations of the 1960’s was the careful analysis of pitting and the
introduction of pit notation first seen in the work of Liebau (1969, 1977 and others). This work has
been followed up by other workers and proved valuable in elucidating the development of orna-
mentation and relationships between taxa. Closely related, and complementary to this, is the work
on shell architecture developed by Benson (1970 and others). Linked originally with his important
work on abyssal ostracods of the psychrosphere, it developed into a much wider context and
there must be few ostracod workers who are unaware of his publications or his well known figure
of the “Mechanical Aurila”. Finally in this section one must mention the resurgence of interest
in the ultrastructure of the carapace helped by modern technology and seen in the work of
Jorgensen (1970), Bate and East (1972) and Depéche (1974).

THE LAST TEN YEARS

Leaving aside the “mainstream” branches of ostracod study, the last ten years have witnessed
various innovative studies of which only a very limited number can be quoted here.

In 1975 Peypouquet published the results of his study on the effects of the physico-chemical
environment on the ostracod shell, and followed up this work in a series of subsequent papers (1977
and others). Amongst other things he showed that in Krithe and Parakrithe the relative size of the
anterior vestibule and the ventral inner lamella is related to the O, concentration in the sea water.
This has an important bearing on the role of the Krithidae in determining the nature of the marine
environment geologically and has been applied recently in a study of the Maastrichtian-Thanetian
of Kef in N.E. Tunisia (Peypouquet, 1983). In 1977 Rosenfeld and Vesper discovered that the shape
of the normal pore canalsin Cyprideis reflected the salinity of the waters in which they lived. In low
salinities a high proportion of round pores was developed whilst with increasing salinity the
proportion of elongate and irregular pores increased. This phenomenon was used to make salinity
assessments in a number of deposits ranging as far back as the Miocene and looks a promising
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technique for determining the salinity in those fossil sediments which contain Cyprideis. The
chemistry of the shell has proved another fertile field for investigation. Anne Marie Bodergat has
shown how ostracods can be utilised to determine pollution (1978a) and how the chemistry of
the shell can be used to obtain information on the environment in which the animal lived (1978b,
1983). Chivas, De Deckker and Shelley (1983) have also investigated the possibility of using the
chemistry of the shell to determine certain characteristics of the palaeoenvironment. Another aspect
of recent work has been the examination of the form and function of the soft parts in Recent taxa
as seen in the work on cerebral sensory organs and mechano-receptors by Andersson (1979) and
Keyser (1981) respectively. This is complemented by the detailed analysis of the limb bristles
(chaetotaxy) as an aid to clarifying phylogenetic relationships initiated by Danielopol in the 1970’s
and seen today in studies such as those of Broodbakker and Danielopol (1982). Similarly detailed
work has been carried out by Okada (1982) in his investigations of the correlation between
epidermal cells and cuticular reticulation, and the structure of pores with setae by means of ultra-
thin sections. It is but a short step from these three Recent studies to the Cambrian ostracods
with beautifully preserved appendages described by Miiller (1979 and others) in some of the
most interesting and elegant work on ancient ostracods ever published.

Also in the Lower Palaeozoic rocks, Adamczak (1981) introduced his concept of a Bioturba-
tion Index to give some assessment of animal activity in mixing up the substrate. This makes use
of most unpromising material, intractable rocks in which ostracods can only be examined in thin
section. The proportion of valves orientated at angles of more than 45° to the horizontal in the sam-
ple is used as a measure of the bioturbation. Results obtained from the pilot study in the Silurian
rocks of Gotland have been considered interesting and useful.

Experimental work in the laboratory has also had its practitioners and much more could be
attempted in this field. As an example, attention may be drawn to the work of Sohn and Kor-
nicker (1979) who were able to show that the eggs of freshwater ostracods could be subjected
to low temperatures and pressures and still remain viable. This proved that they are capable of
surviving transport by winds through the upper atmosphere and stratosphere although whether
this is a significant means of dispersal remains uncertain. Finally in this field, Smith and Bate
(1983) by the use of Ion Beam Etching techniques have been able to resolve a persistent problem
connected with the ultrastructure of the shell.

Altogether these few examples serve to show that the present decade has been a stimulating one
for ostracod studies but what of the future?

THE FUTURE

The future would seem to be very much a continuation of the past with work continuing under
three main headings.

Continued “‘Servicing”

Under this heading come Symposia, Newsletters, Text-books, Treatises and Data Banks which
will continue to provide the essential base for forward progress in the research field. It is certain,
however, that increasing use will be made of word processors, interlinked computers and other
modern aids which will greatly help the rapid dissemination of information.

Continuing ““Standard” Studies
These will follow the mainstream or core branches of ostracod studies in taxonomy, biostrati-
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graphy, palacoecology and palaeogeography—again with increasing use and availability of modern
aids and techniques such as scanning electron microscopes, freeze-dry techniques etc..

Fringe and Innovative Studies

Studies outside the categories above, often using “high tech.” aids such as X-Ray Fluorescence,
Microprobe, Ion Beam Etching etc., which require considerable capital funding. One of the in-
teresting developments recently has been the hologram—the production of a three dimensional
image on an almost flat surface. One wonders if we may yet see a “Hologram Atlas of Ostracod

Shells™!

I hope that these few thoughts may have been of some help in placing where we stand today in
historical perspective. Crystal gazing is all very well but firm facts are much better. With a large
and varied Symposium Programme in front of us I am sure that in five days time we shall have a
much clearer idea of what the future may hold.
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A Taxonomist’s View on Classification

TETSURO HANAI
University of Tokyo, Japan

The effect of language barriers on scientific communication often seems unthinkably fatal.
However, the scanning electron microscope provided us with clear three-dimensional photographs
of very high magnification with unusually deep focal depth, and gave ostracod workers a trust-
worthy means of communication, Since the proposal for a new paleontography by the late Pro-
fessor Peter C. Sylvester-Bradley, descriptions of ostracods have been rejuvenated. This has had
a profound effect in surmounting communication barriers. The Stereo-Atlas, as noted by Sylvester-
Bradley (1973: 2), is a “combination of illustration and an internationally agreed nomenclature
[that] breaks every language barrier”, Numerous data are now being stored in our memory at an
ever increasing rate of accumulation. As Sylvester-Bradley (1973: 3) correctly pointed out, an
attempt at a new way of describing ostracods, as distinct from their interpretation, has undoubtedly
been successful due to the exploitation of the scanning electron microscope.

However, when we proceed to look at the description of ostracods in terms of their classifica-
tion, that is, when the morphology of ostracods is exposed to scientific analysis and interpretation,
we face the problem of how to analyze and interpret the empirical findings of morphology. No
matter how much information photomicrographs may supply, they themselves will not solve pro-
blems of classification,

At the time of Linnaeus, classification was a means to find the plan of creation by assigning the
diversity of organisms to the natural system. Therefore, it has as its purpose the summarization
and systematization of all knowledge regarding organisms. However, after Darwin’s theory of
evolution through natural selection found wide acceptance, the purpose of classification shifted
from the discovery of the plan of creation to the presentation of the evolutionary relationships
among organisms.

When we look at this change in terms of methodology, a far-reaching change seems to have
taken place in the field of classification, i.e., a change from the traditional methods strongly in-
fluenced by inductive argument which were prevalent at the time of Linnaeus to the hypothetico-
deductive method that was unconsciously employed by Darwin (Gould, 1980: 97; Mayr, 1982: 29).
Darwin wrote in his autobiography (Darwin, F., 1888: 83), “I worked on true Baconian principles,
and without any theory collected facts on a wholesale scale.” Thus, Darwin believed that he had
followed inductive reasoning, but in actuality he collected facts relevant to his hypothesis of na-
tural selection. Paraphrasing the words of Northrop (1947: 57), the natural history stage of
scientific inquiry shifted into the stage of deductively formulated theory. The method of hypothesis
formation is a deductive approach in which one invents hypotheses as tentative answers to a given
problem and then subjects them to empirical testing (Hempel, 1966: 17). In either methodology,
classification is not a purpose but a means. It is a means for drawing generalizations in the case
of the narrow inductivist concept, and it is a means for presenting the tested hypothesis in the
form of a classificatory hierarchy in the case of the hypothetico-deductive method.

Hempel (1966: 12, 13) explained that ““empirical facts and findings ... can be qualified as logically
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relevant or irrelevant only in reference to a given hypothesis, but not in reference to a given pro-
blem.” He further noted that ‘“‘without such hypothesis, analysis and classification [for analysis]
are blind.” If one wants to clarify the relationship of a given taxon based on the method of hypo-
thesis testing, the first thing one must do is to pinpoint the problem, i.e., the relationships among
a given group of organisms, and then give a tentative answer to that problem, i.e., the hypothesis,
and, further, subject it to empirical tests. In this case, classification is a poor, or at best, optimized
presentation of the hypothetical proposition in a hierarchical manner, no matter what kind of
relationships one may choose to study.

On the other hand, the observations and recordings of all the facts, and their analysis and
classification, done so laboriously by inductivists, no longer had a purpose when the effort to dis-
cover the plan of creation ended in failure. However, the classification system that had become
highly developed by the nineteenth century remained as a general frame of reference. As explained
by Mayr (1972: 94), the system provides a sound foundation for all comparative studies in bio-
logy, and serve[s] as an efficient information storage and retrieval system. Thus it is somewhat
similar to an information data base in a computer system. As has been noted by Mayr (1974: 96)
and quoted elsewhere by many authors, classification is thus considered to be best, when it “‘allow[s]
the greatest number of conclusions and predictions” following the concept of the best possible
classification by Mill (1874: 466, 467). Thus, the status of classification has turned out to be a
product of scientific systematization.

Before going into the discussion on scientific systematization, the relationship between classifi-
cation and classificatory theories will be considered. Hempel (1965: 139) noted that the con-
struction of a classification “may be considered as a special kind of scientific concept formation”
in which classificatory theories have played an important role. Indeed, the relationship between
the formation of classification and the formation of underlying theory is quite similar to that of con-
cept formation and theory formation. The classificatory procedure requires theories to provide
criteria for distinguishing similarities and differences among the organisms under consideration,
and the resulting classificatory schemes differ according to their classificatory theories. Therefore,
the classes thus formed are considered by Hempel to be an extension of the corresponding classi-
ficatory concept.

Early biological classifications were based directly on observed morphological characteristics,
and each class was grouped through a procedure of comparative anatomy. After Darwin, how-
ever, classification came to rest on a far more theoretical basis, that is, on a phylogenetic and genetic
basis. We have observed, for example, a change from the concept held by Linnaeus, which was
strongly influenced by Aristotle’s work, to the species concepts advanced by Dobzhansky (1937:
321), Mayr (1942: 120), Simpson (1961: 153), and others, being defined in phylogenetic and/or
genetic terms.

The change to the new species concept is effective not only at the species level of classification,
but also influences higher categories of classification, because the secondary effects of speciation
persist even after populations reach species level. In either case, morphological and other character-
istics become simply the observational criteria for the assignment of individuals to a classificatory
category systematized according to phylogenetic, genetic and other theories. Thus it seems to me
that biological classification is not constructed to test phylogenetic and genetic theories, but is, on
the contrary, constructed based on these theories.

In general, the differences between the theories underlying classification are reflected in the
differences in the nomenclature of the classes. In the case of biological classification, however,
binominal nomenclature, for example, has long been in use since Linnaeus in spite of the radical
change in theories behind classification, This is perhaps because we have treated ‘“‘objective ex-
istence in nature as ‘carving nature at the joints,” >’ to use Hempel’s phrase (1965: 147). However,
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a profound change seems to have occurred in the meanings implied by binomials and this is re-
flected in the diagnosis and description of organisms.

The characteristics chosen for diagnosis and description are those considered to be important
for the particular theory behind a classification. The differences in classificatory theories issuing
from the corresponding concepts give rise to differences in scientific vocabulary selected for descrip-
tion. As biological understanding of organisms advances, the shift from a predominantly descrip-
tive to an increasingly theoretical emphasis is reflected in the replacement of the purely descrip-
tive terms by terms of theoretical background, again as explained by Hempel (1965: 140).

To cite some examples from previous lectures presented at this ostracod symposium, Harding
(1964: 1, 2), at the Neapolitan symposium emphasized the continuity of the ostracod carapace
and pointed out that

the shell is not made up of two separately secreted entities, as is the shell of a bivalve mol-
lusk . . . [but] the two calcified valves of an ostracod shell and the soft cuticle jointing them
together are one continuous piece of cuticle . . . The cuticle forms one continuous sheet, soft
in some places and hard in others according to the functional needs of the part concerned.

Thus the attached margin of the carapace is not considered to be the margin of the carapace,
but to be the crease or joint along the median line of the carapace. Further, the ligament is elastic,
but it does not take part in the opening force of the carapace.

At the Hull symposium, Kornicker (1969: 109) illustrated details of the calcified portion of
the cuticle (Text—fig. 1). He traced the inner margin of the ‘“‘duplicature” into the dorsal ligament.
Thus, the structures of the free margin which is the exterior of the inner margin of the “duplicature”
lost their homologous counterpart on the exterior surface of the dorsal ligament. This is perhaps
because structures of the free margin of one valve converge on the anterior and posterior juncture
of the attached margin and then probably continue to those of the opposite valve. Thus Kornicker’s
work gave strong support to Harding’s idea that the ostracod shell is a calcified portion of one
continuous piece of cuticle, and the ligament is a soft zone demanded by functional requirement.

Text-Fic. 1—Figures showing successive sections of the marginal area of the free margin (1-3) and the dorsal
hinge area (4). When one traces the inner margin from the free margin towards the hinge area (broken line), the
inner margin moves from the inside of the carapace to the outside of the carapace. Dotted area shows the part
occupied by the animal body. Thus the hinge is divisible into exterior and interior portions with the ligament
between. After Kornicker, 1969, modified.
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TexT-Fic. 2—Three types of hingement in terms of the upper and lower elements i.e., exterior and interior
portions. A,B. Leptocythere pellucida (Baird, 1850), left valve has a median groove termed the ‘containant
(Hanai, 1957, p. 432)’ to receive the ridge of the right valve. The containant may well be an exterior element. C,
D. Pectocythere quadrangulata Hanai, 1957, anterior and posterior tooth of the left valve is divided into upper
and lower, i.e., exterior and interior elements. Note that the median element of the left valve is a ridge and
may well be an exterior element. E, F. Hemicythere sp., typical amphidont hingement for comparison.

The concept of distinguishing interior and exterior surfaces of the shell, derived from this
one continuous sheet theory of the ostracod carapace, introduced a useful operational criterium to
understand the arrangement and disposition of minor structures on the marginal area of the shell.
The so-called “calcified portion of the inner lamella” or “duplicature” is not related to the inner
lamella, but turns out to be actually an infold portion of the shell margin, and the zone of con-
crescence is considered to be the axial plane of the marginal folding along the free margin of the
shell. Kornicker (1969:119) explained that the hinge structure may be exterior, interior or both
and the concept of distinguishing interior and exterior hinge structures might prove useful for
classification. The upper and lower subdivision of the hinge structure that was described without
any knowledge of its biological significance by myself (1957: 473) thus has a solid theoretical basis
may be called the exterior and interior elements, respectively (Text—fig. 2). Indeed, it is possible to
offer a description of characters even if little or nothing is initially known about their biological
function.

The single continuous sheet theory of the ostracod carapace covers wide explanatory and pre-
dictive areas. Explanation covers not only the structures from which the theory is derived, but also
indirect phenomena of a different nature. Examples may include the dominantly intact whole
carapace occurrences of the oldest group of ostracods, Bradorina. In general, the arrangement
of normal pores over the ostracod carapace surface is concentric with one center.

To give an example, four types of normal pores are distinguishable on the carapace of Cythere
omotenipponica (Text-fig. 3). The first type (PL 1, fig. 1) is distributed in the marginal area along
the free margin. Seta is stout in its lower half, tapers rapidly and is easily twisted in its upper half,
and terminates somewhat like a tube. The pore of this type of setae has irregular decoration around
its opening. The second type (PL 1, fig. 2) is also distributed along the free margin, but is more or

PLaTe 1—Various kinds of trichoid sensillia which open on the outer surface of the ostracod carapace.
Figs. 1-5. Cythere omotenipponica Hanai, 1959.
Fig. 6. Keijella bisanensis (Okubo, 1972).
[Single and double scale bars indicate 5 microns and 0.5 microns respectively.]
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TexT-F1G. 3—Cythere omotenipponica Hanai, 1959, lateral view. [scale bar indicates 100 microns.]

o Typel
® Type2

Text-F1G6. 4—Distribution of trichoid sensillia along the ventral margin of Cythere omotenipponica Hanai, 1959.
An example of type 1 is shown in Plate 1, fig. 1 and type 2 in Plate 1, fig. 2.
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less inside the area of the zone of the first type (Text-fig. 4). Setae of this type bifurcate near their
base, and have branches of similar size that extend widely apart parallel to the free margin. The
branched setae taper gradually to a sharp point. Pores of this type are small and simple with no
decoration. The third and fourth setal types are distributed widely in the central and dorsal area,
except along the hinge margin, and correspond to the two types of setae or two types of pore canals
that coexist on one carapace and have been described elsewhere. Type three (Pl. 1, fig. 3) is a long
stout seta that tapers gradually and terminates with a pointed end. The associated pore has a wide
and clearly rimmed lip. Pore canals of the fourth type correspond to sieve type pore canals. The
fourth type of seta seems to include two forms. One is a stout seta without branches, and the other
(Pl. 1, fig. 4) is a stout seta with one slender branch near its base. The setal pore of the former seems
to occupy on margin of the sieve plate, whereas that of the latter emerges from the central area of
the sieve. The nature of the stout seta of both forms seems similar to the first type of seta. Further,
a homologous relationship of the structural elements of so-called normal pore canals and radial
pore canals was predictable considering the concept of the marginal infold. This relationship was
proved by Okada (1982: 254). Thus, the diversity of pore canal structures that has been en-
countered in relation to the position on the carapace are concordant with the continuous nature of
the ostracod carapace across the hinge margin.

Description of setae and pore canals has for the most part been purely morphological. I recall
a period just after the invention of the scanning electron microscope when many new terms were
proposed to describe the minute details of the ostracod carapace without understanding anything
of their biological significance. However, since these pores are sensillium, theorization to systema-
tize these morphological characteristics as receptors may be desirable for utilization in a theory
that impacts on the establishment of a biological classification. Since ostracods are marine crus-
tacea, the most essential information may concern their physical environment e.g. nature of
substratum, water movement, chemical nature of the water, and water temperature.

The presence of mechanoreceptive sensillia with two types of sensory setae (Pl. 1, fig. 6) has
been known since the 1894 monograph by G.W. Miiller. One is thick and long, and is interpreted
as a receptor for direct touch by a solid object. The other is fine and short, and is sensitive to more
delicate elements such as the movement of the surrounding water. This has been well established
by Hartmann (1966: 113-117), Keyser (1983: 649-658), and Okada (1983: 640-648).

The presence of chemoreceptive sensillia has been doubted. However, Sandberg (1970: 120)
illustrated the sensory seta of a sieve pore of “Aurila” conradi floridana. The seta is dendritic with
a stout upright stem that terminates like a tube. Cythere omotenipponica also have setae (Pl. 1,
fig. 5) that terminate somewhat like the trunk of an elephant, if, of course, we disregard size. Finally,
in a current study Kamiya has found in Loxoconcha japonica an arm-like structure on the tip of the
seta (PL. 2, fig. 1, base; PI. 2, fig. 2, tip). The general behavior of ostracods in response to the
chemical nature of sea water, the dendrites with ciliary structure inside of the seta, together with
the tube-like nature of the seta, make the presence of chemoreceptive sensillia on the carapace
highly likely.

At the Saalfelden symposium, Rosenfeld and Vesper (1976) showed the relationship between
the form of the sieve pore and the salt concentration in water. At the Houston symposium, the
secretion or excretion of a certain hydrophobic substance was suggested as the function of sieve
pores by Keyser (1983: 654). Yet, Miiller’s old hypothesis that the sieve pores may be a light
sensory organ, as is suggested by the distribution of underlying pigment cells in Loxoconcha stel-
lifera, still needs to be reckoned with, but at this time in relation to the possibility of their being a
thermoreceptor. In Loxoconcha japonica, there are structures shaped like a bundle of test tubes,
which open distally to form a sieve plate thrusting through the shell layer and inserting their blind
proximal ends fairly deeply into the tormogen cell (P. 2, fig. 4). The proximal tips of the test-tube-
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like structures converge upon an area surrounding the core of the dendrites (P1. 2, fig. 3). In 1982,
my colleagues and I described a peculiar shaped pore (Pl. 2, figs. 5 and 6). We called this type
of pore “Ben-type pore,” because the general shape of the cap remined us of the device used to
prevent the back flow of dirt in the hole of a Japanese-style water closet (Benjo in Japanese) in
the Shinkansen bullet trains. It has been suggested that the purely morphological term ‘“Ben-type
pore” replaces the theoretical term ‘“‘exocrine pore.”” However, such change of terminology re-
quires great circumspection. Are there any other species that have exocrine pores or something
similar to them? Why does the exocrine pore, which is supposed to have high inside pressure,
need a cap with this peculiar structure which at a glance looks useful for protection against the
back flow of dirt? These questions require explanation. The presence of a thermoreceptive cell
associated with other receptors may be even still more undeniable in relation to the sieve pores.
Water temperature is quite likely to be a vital environmental factor, especially for ostracods living
in shallow water environments such as tide pools. Yet, in general terms, theorization of sensillia
on the ostracod carapace and, hence, the simplification of vocabulary seems only to be a matter
of time,

Hempel (1966: 94) notes that “scientific systematization requires the establishment of diverse
connections, by laws or theoretical principles, between different aspects of the empirical world,
which are characterized by scientific concepts.” The examples given above are extremely minor
in terms of the classification of the ostracods, yet they will have direct or often indirect but definite
effects on the classification, because what we try to classify is not the very nature of ostracods, but
the ostracods that one comprehends, and the theorization exemplified above has no doubt ad-
vanced the comprehension of ostracods. If one applies Hempel’s view on the interrelationships be-
tween the scientific concepts and theoretical principles to the classification, then the more theoreti-
cal principles converge directly and indirectly upon the classification thus formed, and the stronger
will be its systematizing role. Of course, simplicity in the sense of economy will be an important
-feature of the classification, when one deals with the same amount of information. Argument be-
tween classifications of different information content seems to me of little substance. It seems to
me that many major and minor theoretical principles converge directly and indirectly upon the
classification of the ostracods and operational criteria for classification have been modified. In
this way the classification of ostracods has been advanced with growing knowledge on ostracods
ever since Monoclus of Linnaeous.
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A Recent Dutch Microorganism (A. J. Keij), with the Description
of Jankeijcythere New Genus (Crustacea, Ostracoda)

KENNETH G. MCKENZIE
Riverina-Murray Institute of Higher Education, Wagga Wagga, Australia

ABSTRACT

The major contributions of A.J. Keij to ostracod studies in the Recent of the Indowestpacific
and in the Tertiary of Europe are outlined briefly. Jankeijcythere new genus (Podocopida, Cythera-
cea, Cytheridae) is described from the Indowestpacific with the type species J. koenigswaldi (Keij,
1954). Tts distribution is given and some other species are listed. Ecological associations also are
recorded.

INTRODUCTION

A.J. Keij, who retired early this year, holds a widely acknowledged and deserved place among
the pioneers of modern ostracod studies. His major contributions have lain in the description of
numerous taxa from the Indowestpacific; and also in the revision of classical work on the Eocene-
Oligocene of Belgium and the Miocene of Aquitaine, France (Bosquet, 1852).

Keij was born on the 7th April 1927 and passed some years of his early life in Indonesia. In a
letter to H.J. Qertli (dated December 1954) he refers to spending almost 3 years during the Second
World War as an uninvited guest at an uncomfortable hospice in Java. He was to return to south-
east Asia in 1957 as a fully professional oilfield micropalaeontologist.

Keij’s doctoral thesis on the Eocene and Oligocene Ostracoda of Belgium (Keij, 1957) was part
of a team effort by the Palacontological Department of the Mineralogical Geological Institute of
the State University of Utrecht, Netherlands. The project was supervised by Dr. (later Prof.)
C.W. Drooger, and Keij’s study was complemented by papers on the Eocene and Oligocene For-
aminifera by Kaasschieter and Batjes respectively. While working on his thesis, Keij combined
with these colleagues to record the Aquitanian-Burdigalian microfauna of southeastern France
(Keij, in Drooger, Kaasschieter and Keij, 1955). This publication followed a gap of nearly 100
years in the study of Aquitaine Ostracoda (J. Moyes, letter dated July 1985).

The thesis was completed in late 1955 with Keij passing the examinations cum laude. By this
time he was already married and a family man with 2 children. The next 18 months were spent
working for the Bataafsche Petroleurn Maatschappij (Royal Dutch/Shell Group), first at The Hague
and then at Scheveningen, Netherlands, studying in particular the microfauna of the Liassic strata
of the Avallon-Semur district in the eastern Paris Basin. Already his stratigraphical experience
was considerable (Liassic—-Recent) his expertise with Foraminifera as well as Ostracoda proven
(Keij, in van Andel and Postma, 1954a), and he had published his first papers on Indowestpacific
ostracods (Keij, 1953, 1954b). The outstanding Eocene-Oligocene monograph (Keij, 1957) ap-
peared shortly before his transfer to Seria, Brunei.
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At Seria, Keij worked for the Brunei Shell Petroleum Company Ltd., a Royal Dutch/Shell sub-
sidiary. In spite of professional and family responsibilities (by mid-1959 there were 4 children),
he kept in correspondence with ostracodologist colleagues, notably van den Bold and Oertli, and
produced important papers on Indonesian Cytherelloidea and Paijenborchella.

In 1965, after 8 years in Brunei, A.J. Keij was posted to Nigeria (1965/1966) then returned to
the Netherlands where he has spent the remainder of an active professional life and the address
listed in his subsequent publications has remained 30 Klarinetstraat, Rijswijk (Z.H.).

TERTIARY OF EUROPE

Keij’s famous monograph on the Eocene and Oligocene ostracods of Belgium had a profound
impact on the study of Tertiary Ostracoda. It appeared the year after publication of H.J. Oertli’s
thesis on the Alpine Tertiary, another major and ground-breaking study (Oertli, 1956), yet Oertli
himself was selflessly generous in praise writing:

“Dear friend,

Yesterday, I got a thick parcel, mailed by some A.J. Key. This person wants to make concurrence
to G.W. Mueller 1894!?—Indeed, your wonderful monograph is the most complete published since
the Neapel Ostracoda. And very well illustrated, the drawings are really outstanding. My compli-
ments for these “fruits of hard work”!” (letter dated 2nd August 1957).

Although the impact for most ostracodologists was sudden, Oertli but also Triebel were al-
ready familiar with Keij’s commitment to painstaking and detailed comparison between the ma-
terials disposed to him by the Drooger team, the Bosquet collections and exchange specimens. The
result of much correspondence with Qertli was a joint paper (Oertli and Keij, 1955) the brevity of
which prevents full appreciation of the close attention to detail, comparative specimens and ex-
perimentation with photography that engendered it.

The 1957 monograph is accepted universally as a major contribution to stratigraphy as well
as ostracodology. The point is evident when we consider that the Belgian sections studied by Klie
included the type localities for the Ypresian, Ledian and Wemmelian (= Bartonian) Stages of
the Eocene; as well as the Tongrian and Rupelian Stages of the Oligocene. Remembering that
Keij had already dealt with the type Aquitanian-Burdigalian (Miocene) sections from Aquitaine
(Keij op. cit., 1955) and that Table 6 of the 1957 monograph listed Bosquet’s Miocene and Pliocene
species—the latter including study of the Antwerp Crag—, it must have seemed to many an Euro-
pean Tertiary micropalaeontologist that Keij’s stratigraphic authority was complete. As ostracod
specialists, however, we are most grateful for his excellent taxonomy and, as Oertli recognised
immediately, the outstanding illustrations-around 600 of them! The taxonomic details are that
Keij referred to 62 genera of which 4 were new (a new subgenus, Goerlichia, was a junior synonym
of Neocyprideis Apostolescu, 1957), and 168 species of which 42 species and 2 subspecies were
new. In the following year (Keij, 1958) descriptions of a further two new Eocene genera appeared.
In spite of much intensive effort, including training sessions with the old master, Erich Triebel,
at Frankfurt, Keij never achieved very good photographic results, but his drawings are remarkably
faithful to the taxa they represent. Just as G.W. Mueller set a standard for ostracod biologists in
the Naples monograph, A.J. Keij set a standard in the Belgian monograph that any ostracod strati-
grapher-palaeontologist would naturally aspire to emulate.
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RECENT OF THE INDOWESTPACIFIC

Keij had important predecessors to his work on Indowestpacific Ostracoda. The Young Terti-
ary of Indonesia had been the thesis project of his countryman J. Th. Kingma (1948); and N. de
B. Hornibrook (who also retires this year—as Director of the New Zealand Geological Survey)
had provided another sound taxonomic basis via his monograph on the Tertiary and Recent
marine Ostracoda of New Zealand (Hornibrook, 1952).

The originality of Keij’s contribution to Indowestpacific studies can be gauged from reference
to his first two papers (Keij 1953, 1954b). They include illustrations of the following characteristic
regional genera: Keijcyoidea Malz, 1981 (Pl. 1, fig. 1, Keij, 1953), Triebelina Bold, 1946 (Pl. 1,
figs. 4, 5, Keij, 1953), Neomonoceratina Kingma, 1948 (Pl. 1, fig. 11, Keij, 1953), Rhombobythere
Schornikov, 1982 (Pl. 2, figs. 1, 2, Keij, 1953), Hanaiceratina McKenzie, 1974 (Pl. 2, figs. 4, 5,
Keij, 1953), Paijenborchella Kingma, 1948 (Pl. 2, figs. 6, 7, Keij, 1953), Bishopina Bonaduce,
Masoli and Pugliese, 1976 (Pl. 1, fig. 2, Keij, 1954); Keijia Teeter, 1975 (Pl. 1, fig. 3, Keij,
1954); Morkhovenia Teeter, 1975 (Pl. 1, fig. 4, Keij, 1954; Phlyctenophora Brady, 1880 (PL. 1,
fig. 6, Keij, 1954), Hemicytheridea Kingma, 1948 (Pl. 1, figs. 7-9, Keij, 1954); Alocopocythere
Siddiqui, 1971 (PL. 2, figs. 3-6, Keij, 1954); Atjehella Kingma, 1948 (Pl. 2, figs. 9, 10, Keij,
1954); Gambiella Witte, 1985 (Pl. 3, fig. 1, Keij, 1954); Javanella Kingma, 1948 (Pl 3, fig. 9,
Keij, 1954); and, finally, Jankeijcythere McKenzie, herein (Pl. 3, figs. 14-18, Keij, 1954). Keij’s
clear illustrations provide still useful data on its habitus for each genus cited.

In subsequent papers he was to embellish considerably this excellent beginning with descrip-
tions of the following new genera and subgenera; Eopaijenborchella (Keij, 1966); Ornatoleberis
(Keij, 1975); and Pterobairdia (McKenzie and Keij, 1977). But the main contribution of the papers
from this final period lies in the uniformly meticulous text, clear drawings and excellent SEM
micrographs. For the latter, Keij consistently acknowledges his debt to H.J. Oertli who organised
photography on the Elf/Aquitaine SEM at Pau, France. Thanks to these papers we have a good
understanding of Indowestpacific species of Triebelina Bold, 1946 (Keij, 1974); Saida Hornibrook,
1952 (Keij, 1975); Loxoconchella Triebel, 1954 (Keij, 1978); Baltraella Pokorny, 1968 (Keij,
1979a); Atjehella Kingma, 1948 (Keij, 1979b); and the type species of Kingma’s new Neogene
Indonesian genera (Kingma, 1948) namely Tanella, Hemicytheridea, Neomonoceratina and Paijen-
borchella (Keij, 1979c¢).

OTHER CONTRIBUTIONS

Keij sustained his interest in other microfossils with several papers on calcareous problematica
(Keij, 1969a, b, 1970); and he produced superbly illustrated papers on the striking bairdiid genus
Havanardia Pokorny, 1968, describing 3 new species from the West African shelf (Keij, 1973), and
on this genus and Triebelina (Keij, 1976).

SYSTEMATICS

Suborder PoDOCOPINA Sars, 1866
Family CyTHERIDAE Baird, 1850
Subfamily PERISSOCYTHERIDEINAE van den Bold, 1963
Genus JANKEUCYTHERE n.g.
(Plate 1)
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Type species.—Jankeijcythere koenigswaldi (Keij, 1954)

Derivation of name.—For Dr. A.J. Keij, ostracode specialist.

Stratigraphic range.—Pliocene-Recent,

Geographical distribution (for the genus).—Mauritius; Malagasy(?); Indonesia; Philippines;

Australia.

Remarks and Diagnosis.—As noted by McKenzie and Sudijono (1981) the species on which this
new genus is based seems distinct from Neomonoceratina s.s. where Keij (1954) originally placed
it; such distinctions were also remarked on by Keij in the original species description (Keij, 1954,
p. 361) and amplified by Hartmann (1978, pp. 76-77, Figs. 75-84, Pl. 3, figs. 1-8).

Jankeijcythere is a perissocytherideine genus of the Cytheridae which is distinguished by a me-
dium sized carapace with a well marked dorso-medial sulcus. The hinge is an antimerodont type
comprising broad, crenulate terminal teeth in the RV, separated by a crenulate median furrow in
which the anteriormost pits are deeper than the rest, and a more complex accommodating LV
consisting of a small anterior tooth followed by a deep socket then by a crenulate median ridge
in which the anteriormost elements are relatively prominent (especially the second) and ending in
a deep terminal socket with a small post-like tooth at the bottom of its posterior corner. The surface
is distinguished by a flexuous but narrow medial sagittal rib, with arcuate dorsal ridges on each
compartment formed by the dorso-medial sulcus, a straight anterodorsal ridge and a ventral ridge.
Other ornament consists of shallow reticules or minor transverse riblets; and the eye tubercle is
prominent. The normal pore canals are sieve-type and large. Internally, the inner lamella is mo-
derately broad and (as is usual in cytherids) it is traversed by a few straight marginal pore canals,
There is no vestibule. The valve margins extend well beyond a distinct outer list, especially anteriorly.
The central muscle scar complex comprises 4 small adductors plus a frontal scar. Sex dimorphism
is distinct with females relatively shorter and higher than males.

The antennule is 6-segmented with the terminal segment longer than segments 3-5 combined.
The antennal flagellum is 3-segmented, the last segment particularly long; as a whole the flagellum
extends well beyond the terminal claws of the antenna. The mandibular epipod bears 2 long and
1 short Strahlen (ray-like setae). The maxillular epipod seems to lack any distinctly downwards-~
pointing Strahlen—a characteristic of Cytheridae as noted by Hartmann and Puri (1974, p. 25).
The three walking legs increase in size from Pl to P3. Their bristle formulas are, respectively,
221/211/111 on the protopodite. The female body ends in a hairy lobe with a thorn-like terminal
spine. The male hemipenis is large with a very prominent basal capsule and a complex headpiece;
the copulatory tube is short and curved.

Comparisons.—Jankeijcythere can be removed from Paijenborchellinae Deroo, 1960 where it is
usually placed on the grounds of its larger (0.6-0.7mm)size and different hingement (paijenborchel-
lines have a schizodont type of hinge). Among perissocythereideines it seems closest to Sulcostocy-
there Benson and Maddocks, 1964 which has a similar size and hinge type to Jankeijcythere. But
the shell ornament of Sulcostocythere is very distinct comprising an anchor-shaped ridge system of
which the anterodorsal element (the hook of the anchor) does not occur in Jankeijcythere. The ‘T’

PLATE 1—Jankeijcythere koenigswaldi (Keij, 1954).

Fig. 1. External lateral view, adult male RV. Fig. 2. External lateral view, adult female RV (holotype). Fig.
3. External lateral view, A-1 instar RV. Fig. 4. External lateral view, A-2 instar RV. Fig. 5. Internal lateral view,
adult female RV (holotype). Fig. 6. Internal lateral view, adult male RV. Fig. 7. External ventral view, adult
female RV (holotype). Fig. 8. External dorsal view, adult female RV (holotype). Fig. 9. Dorsal view, adult
male. Fig. 10. Male antennule. Fig. 11. Male antenna. Fig. 12. Posterior female body. Fig. 13. Male
hemipenis. Fig. 14. Male P3. Fig. 15. Male P2. Fig. 16. Male Pl. Fig. 17. External lateral view, female
RYV. Fig. 18. Sieve type normal pore, female RV. Magnifications: 1-5,7 and 8 = x53; 17 = x91; 18 = X
1.9 k. 1-5, 7 and 8, after Keij (1954); 6, 9-16, after Hartmann (1978). Figs.17, 18 are SEM micrographs of a
specimen from Sahul Shelf.
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of the anchor is curved both dorsally and ventrally, forming ridges, of which the posterodorsal
ridge is more prominent than in Jankeijcythere while the posteroventral ridge does not occur in
the new genus. A ventral ridge and the dorso-median sulcus are common to both taxa. Apart
from its different ridge pattern Sulcostocythere is virtually smooth over most of its lateral surface
except for a few indistinct transverse posterodorsal riblets (Benson and Maddocks, 1964, fig. 9,
Pl. 3, figs. 1-10).

Once there are sufficient soft part descriptions available for comparison, Sulcostocythere and
Jankeijcythere may well form a separate tribe within Perissocytherideinae.

When compared with the soft parts of Paijenborchella illustrated by Hanai (1970), those of Jan-
keijcythere seem quite different. For Paijenborchella, Hanai (op. cit.) illustrates a S-segmented
antennule with a terminal segment that is about as long as the penultimate segment. The antennal
flagellum in Paijenborchella while 3-segmented is nowhere near as long as in Jankeijcythere. Hanai
(op. cit.) only illustrates 2 long (but unequal) Strahlen on the mandibular epipod of Paijenborchella,
perhaps a third, short, Strahl was obscured on his preparation. The maxillule seems rather similar
in both taxa. The 3 walking legs have a different bristle formula, viz. 221/211/211 in Paijenborchella;
and the male hemipenis has a larger coiled tube but a less complex headpiece in Paijenborchella
than in Jankeijcythere (Hanai, 1970, Text-figs. 10-13).

Description.—Jankeijcythere koenigswaldi was sufficiently described and illustrated by Keij(1954)
as amplified by Hartmann (1978); the former paper includes length/height measurements for a
population of 70 detached valves (Keij, 1954, Fig. 1).

Location of types—The primary types for J. koenigswaldi are in the collection of the
Mineralogical Geological Institute of the State University of Utrecht; hypotypes are kept at
the Zoological Museum and Institute, Hamburg (Hartmann, 1978, 1981), at the Geological
Research and Development Centre, Bandung (McKenzie and Sudijono, 1981), and at the
Geological and Mining Museum, Sydney (McKenzie and Pickett, 1984).

Distribution.—In Australia, J. koenigswaldi is known to occur along the northwest coast from
Sahul Shelf and Derby to Carnarvon, Western Australia (Hartmann, 1978, McKenzie in prepara-
tion); around Lismore, New South Wales, where it is recorded as a Pleistocene fossil (McKenzie
and Pickett, 1984); and near Gladstone, Queensland (Hartmann, 1981).

Apart from the several Australian localities, J. koenigswaldi occurs in Indonesia as a Pleistocene
fossil at Sangiran, Java (McKenzie and Sudijono, 1981); and the type locality is Manila Bay,
Philippines (Keij, 1954). It was not found in any of the SOPAC cruise samples available to the
author from Fiji, Samoa, Tonga, Ontong-Java and Kula Gulf; nor does it occur in the author’s
collections from Saipan and Onotoa (McKenzie, 1986).

Other species.—There is at least one other definite species of Jankeijcythere, namely J. bispinosa
(Brady, 1868) described originally from Mauritius. It differs from J. koenigswaldi in that, instead
of shallow reticules, its surface is ornamented by minor transverse riblets. Types are kept in the
Brady Collection, Hancock Museum, Newcastle-on-Tyne, England.

Maddocks (1966) assigned to Sulcostocythere two taxa from Nosy Bé, Malagasy, Species SA
and SB, which clearly have a shallow reticulate ornament, at least in part. This would appear to
remove them from Sulcostocythere s.s. and support their transfer to Jankeijcythere but the illustra-
tions are not complete enough to justify this. Types are deposited in the Museum of Invertebrate
Paleontology, University of Kansas.

Ecological associations.—The type species is known to be associated with shallow water sands
and muds, sometimes carrying considerable shelly and organic detritus (Hartmann, 1978, 1981),
including substrates with a volcanic provenance (Keij, 1954). Often, it occurs in the upper eulittoral
among mangroves. The recorded water temperature range is 24.5-27.5°C.; dissolved O, between
8.4-10.09 ml/l; the salinity tolerance probably ranges from brackish (Keij, 1954) to slightly
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hypersaline (38.4%0); and the recorded pH from 7-7.5 (Hartmann, 1978, 1981). Keij (1954)
records the faunal and microfaunal association as including numerous foraminifers—notably Am-
monia beccarii (Linnaeus) and Elphidium crispum (Linnaeus)—other ostracods, many molluscs,
abundant ambulacral ossicles of ophiuroids, some sponge spicules, anchors of holothurians, bryo-
Zoans, otoliths and fish teeth.

Brady (1868a) describes the Mauritius substrate simply as mud. He provided greater detail of
the same location later (Brady, 1868b p. 82) noting that it was principally a carbonate mud, as-
sociated with abundant detritus of shells and corals, many fragments of the latter covered in green
algae and with some local iron encrustation (possibly a type of beach rock); with terrestrial clay,
quartz and black (volcanic) sand amounting to less than 109, of the substrate.

Maddocks (1966) gives the habitats of her Nosy Bé taxa, Species SA and SB, as intertidal mud
among mangroves on estuarine banks and amongst intertidal quartz sand, with occasional specimens
found in washings of algae, dead coral fragments, carbonate sands and sandy carbonate muds.
The temperature range at Nosy Bé is about 24-28°C, the tidal fluctuation rather large (4.44m
maximum) with an average of 2.22m.

Summarising, Jankeijcythere may be regarded as a characteristic shallow water, intertidal,
subtropical-tropical Indowestpacific ostracod genus, associated with carbonate muddy and sandy
substrates characterised by abundant coralline and shelly detritus, and with affinities also for man-
groves and volcanic sands/muds.
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APPENDIX

Rijswijk, July 8
“Dear Ken,

I got your letter a few days ago. To prepare a list of my articles dealing with Indo-Pacific ostracods is
easy, but I have no slide showing my frontal configuration. My youngest son tried to remedy this yesterday
but I am not sure that the results will reach you in time.

My first encounter with ostracods was when I was grabled by Koos Kingma, who was then busy with
his thesis on Indonesian ostracods, and declared his personal slave in between attending lectures and practi-
cal exercises. I had to pick, arrange species, etc. That was in 1948. Then, a long time, nothing. In 1953 1



36 K.G. McKeNzIE

chose ostracods as my favourite group, contrary to the others who all went after the foraminifera. I taught
myself the then existing systematics, using van den Bold’s and Kingma’s collections and Triebel’s ‘Zur
Morphologie und Oekologie der fossilen Ostracoden’, etc.

My thesis on Tertiary Belgian ostracodes was published in 1957; the same year I was transferred by
Shell to Seria in Brunei (then British Borneo), where I stayed till 1965. During that period I fiddled around
with Distichoplax, arenaceous foraminifera, etc., but also with South China Sea Cytherelloidea (1964) and
Paijenborchella (1966). 1llustrations were made during evening hours in the air-conditioned bedroom. One
drawing per night (good old time)! The next assignment was Nigeria (1965/66) and then back to Holland.

Till ’73 1 played with problematical bryozoans (Bicornifera, Encicellaria, Dicasignetella) and questionable
tintinnids (Skylonia, Voorthuyseniella). 1 drifted back to ostracods when searching Recent West African
material (all homework, after office hours). I found Havanardia there. From then on it was ostracods
again. During my period of Dutch publications 1 was generously assisted by Henri Oertli, who offered to

produce electron micrographs of my species and did so very well (please mention this) . . . . . . A list of
my few contributions to southeast Asian ostracods will be appended. Wish you all the best at the Congress.
Signed J.K.”

Note: Keij’s appended list of publications forms part of the bibliography of this paper.
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The North American Genus Climacoidea Puri, 1956,
and the Tribe Campylocytherini
(Neogene and Quaternary)

JosepH E. HAZEL AND THOMAS M. CRONIN
Louisiana State University, Baton Rouge, U.S.A. and
U.S. Geological Survey, Reston, U.S.A.

ABSTRACT

The genera Reticulocythereis Puri, 1960, and Climacoidea Puri, 1956, which occur in Pliocene
to Holocene marine deposits of the Atlantic and Gulf Coastal Plain, have been examined and
found to possess a vertical row of four adductor muscle scars and two frontal scars, a carapace that
is subovate in lateral view and widest behind the middle, and an amphidont hinge having a conical
anterior tooth in the right valve. These and other characteristics indicate placement in the North
American ostracode tribe Campylocytherini. Climacoidea and Reticulocythereis differ from one
another and from the campylocytherine genus Proteoconcha Plusquellec and Sandberg, 1969,
only in details of carapace ornament. We propose that Proteoconcha and Reticulocythereis be
relegated to subgenera of the genus Climacoidea. As do other genera of the tribe, species of Clima-
coidea inhabit inner sublittoral to brackish environments in mild-temperate to subtropical waters.

Two new species C. (Reticulocythereis) foresteri, and C. (Reticulocythereis) reticulata are diag-
nosed.

INTRODUCTION

The ostracode tribe Campylocytherini (Campylocytherinae; Trachyleberidae) is an endemic
North American taxon whose species are common in Neogene and Quaternary marine deposits
of the Atlantic and Gulf Coastal Plain physiographic province. Living species of this tribe inhabit
inner sublittoral to brackish-water environments. None of its species are found north of Cape
Cod, Massachusetts, which is the northern limit of the mild-temperate climatic zone; the known
southern limits are the subtropical-tropical transition areas of the north coast of Puerto Rico and
the north coast of the Yucatan Peninsula of Mexico and Central America. The campylocytherine
genera are quite valuable in both paleoclimatological and paleobathymetrical studies along the
Atlantic and Gulf coasts. The purpose of this paper is to clarify taxonomic relationships among the
known campylocytherine genera vs. Proteoconcha Plusquellec and Sandberg, 1969, and two other
proposed genera, Reticulocythereis Puri, 1960, and Climacoidea Puri, 1956, which upon examina-
tion also were found to belong to the Campylocytherini. Climacoidea, Reticulocythereis, and Pro-
teoconcha possess similar muscle-scar patterns, hinges, shapes and marginal-pore patterns, and we
relegate these genera to the status of subgenera of the genus Climacoidea. They are distinguished
from one another primarily on the basis of surface ornament.
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Previous Studies of Reticulocythereis and Climacoidea

Climacoidea was originally described by Puri (1956) from the Caloosahatchee Formation (upper
Pliocene and lower Pleistocene) of southern Florida; C. plueurata Puri, 1956, is the type species
by monotypy. Puri did not assign Climacoidea to any family, stating only that it differed from the
genus Hemicythere in hinge and ornament. The muscle-scar pattern was described as “obscure.”
Howe and others (1961) placed Climacoidea in “family uncertain.”

Swain (1955) described the species Paracytheretta multicarinata from San Antonio Bay, Texas,
and later Puri (1958) assigned Swain’s species to another cytherettine genus, Protocytheretta. Sub-
sequently, Puri (1960) erected the genus Reticulocythereis for the morphologically similar species
R. floridana. He characterized Reticulocythereis as being bean-shaped, oblong-ovate, and having
a lateral surface with a reticulum, the ridges of which radiate from the center. He also stated that
the hinge in the right valve has a bilobed anterior tooth and a trilobed posterior tooth. Neither
Swain (1955) nor Puri (1960) described or illustrated the muscle-scar patterns of the two species.

King and Kornicker (1970), in an ecological study of ostracodes from Texas bays and lagoons,
assigned Paracytheretta multicarinata to Reticulocythereis rather than to the Cytherettinae be-
cause the inner lamella is neither wide nor sinuous as it is in typical cytherettines and because
Reticulocythereis possesses an eyespot. King and Kornicker also noted that R. multicarinata
possesses a distinct alate extension, a feature we believe to have taxonomic significance at the
subgeneric level.

Keyser (1975a) described Reticulocythereis purii from mangrove. swamps of southwest Florida.
Keyser (1975b, 1977, 1978) reported on specimens of Reticulocythereis from southwest Florida,
which he assigned to R. floridana Puri, 1960. He commented on the similarities between R. floridana
and R. multicarinata Swain, 1955, and called for detailed study of variation in surface ornament to
determine the relationship between taxa.

Morphology of Climacoidea
Our morphological investigations, coupled with the work of Plusquellec and Sandberg (1969),
show that Climacoidea Puri, 1956, Reticulocythereis Puri, 1960, and Proteoconcha Plusquellec and
Sandberg, 1969, should be considered subgenera within the genus Climacoidea Puri, 1956, and the
tribe Campylocytherini Puri, 1960. Climacoidea (Proteoconcha) possesses a smooth to variably
pitted surface (in some species), C. (Reticulocythereis) has a regular surface reticulation and a
posteroventral alar projection, and C. (Climacoidea) is characterized by extremely strong develop-
ment of raised, curved carinae. Climacoidea differs from the other two campylocytherine genera
Campylocythere Edwards, 1944, and Acuticythereis Edwards, 1944, in carapace shape, hinge,
normal and radial pores, and details of the muscle scars.
We assign the following species to the three subgenera of Climacoidea:
C. (Reticulocythereis)
Reticulocythereis floridana Puri, 1960
Paracyheretta multicarinata Swain, 1955
C. (Reticulocythereis) foresteri n. sp.
C. (Reticulocythereis) reticulata n. sp.
C. (Climacoidea)
Climacoidea plueurata Puri, 1956
C. (Proteoconcha)
Basslerites giganticus Edwards, 1944
Acuticythereis multipunctata Edwards, 1944
Acuticythereis nelsonensis Grossman, 1967 (= Proteoconcha protea Plusquellec and
Sandberg, 1969)
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Acuticythereis tuberculata Puri, 1960

Campylocythere concinnoidea Swain, 1955

Reticulocythereis purii Keyser, 1975 (1= Acuticythereis tuberculata Puri, 1960)
Cythere redbayensis Puri, 1954

Proteoconcha mimica Plusquellec and Sandberg, 1969

Proteoconcha edwardsi Plusquellec and Sandberg, 1969

Proteoconcha jamesensis Hazel, 1983

Proteoconcha costa Krutak, 1978

Females of Climacoidea (Reticulocythereis) are subovate in lateral view, whereas males are
more elongate (Plates 1 and 3). In dorsal view, both sexes are widest behind the middle; females
are wider than males. In contrast to species of C. (Proteoconcha) and C. (Climacoidea), species of
C. (Reticulocythereis) are consistently ornamented by regular reticulation including longitudinal
ridges in the dorsal half. A variably developed posteroventral alate projection, which consists of
a subcircular flat region from which projects a small ala (Pl. 1, fig. 3; Pl 3, figs. 2-6), this alar
is also characteristic of the subgenus C. (Reticulocythereis). The widest part of the carapace is in
region. Although several species of C. (Proteoconcha) sometimes have pitted surfaces (C. (P.)
nelsonensis; C. (P.) multipunctata), this ornament is quite variable within a single population, and
areas of the carapace are often smooth.

Males and females of C. (Climacoidea) are subovate to subquadrate in lateral view; males are
not as high as females (P1. 1, figs. 1, 4). The subquadrate shape results from the characteristically
strong development of curved longitudinal carinae that overlap the valve margin. Some raised
carinac paralle]l the valve margin; the most peripheral carinae project beyond the valve margin
posteroventrally and posterodorsally. Between carinae, the surface is variably reticulate. The
extreme development of the carinae is the major diagnostic feature that distinguishes C. (Cli-
macoidea) from the other subgenera.

Climacoidea (Proteoconcha) was described and illustrated by Plusquellec and Sandberg (1969).
Most species of this subgenus have a smooth valve surface; a few species have weak pitting.
Proteoconcha costa Krutak has minute longitudinal riblets which parallel the valve margins and
minute papillae as secondary ornament (Krutak, 1978). This subgenus lacks the strong reticulum
and alate projection of C. (Reticulocythereis) and the raised carinae of C. (Climacoidea).

Plusquellec and Sandberg (1969) found that among the three campylocytherine genera that they
studied, Acuticythereis has the most normal pore canals, Campylocythere has slightly fewer, and
Proteoconcha has the least. We have found that Climacoidea (Climacoidea) and C. (Reticulocy-
thereis) are similar to C. (Proteoconcha) in having relatively few normal pores, about 80 to 100.

The marginal areas of the three Climacoidea subgenera are very similar to one another, but
differ significantly from those of Campylocythere and Acuticythereis. A shallow anterior vestibule,
limited to the central and anteroventral parts of the inner lamella, is present in all three, in con-
trast to the very wide anterior vestibules in Campylocythere and Acuticythereis. In Climacoidea,
anterior radial and false radial pore canals number about 15-25, are irregularly spaced, and vary
in length. Conversely, Acuticythereis and Campylocythere have many more radial and false pore
canals that are shorter and more regularly spaced (see Plusquellec and Sandberg, 1969, for details).

The close affinity of Climacoidea subgenera is well illustrated in the similarity in hinges (Pl.
5, this paper; Plusquellec and Sandberg, 1969). All possess an amphidont hinge, having a conical
anterior tooth in the right valve sloping rapidly into a deep postjacent socket. The posterior tooth
in the right valve of C. (Reticulocythereis) is more elongate than those in C. (Climacoidea) and C.
(Proteoconcha). The median groove is crenulate in the vertical plane in all three subgenera. Although
Puri (1956) described the anterior right valve tooth of Climacoidea as bilobed and the posterior
tooth as trilobed, no specimens in our collections possess these features. The hinge of Climacoidea
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differs significantly from those of Acuticythereis and Campylocythere, which both have elongate
anterior hinge elements and a much shallower, narrower groove in the right valve (see Plate 5,
this paper; Plusquellec and Sandberg, 1969).

All three Climacoidea subgenera as well as Acuticythereis and Campylocythere have the same
basic muscle-scar pattern, consisting of a near vertical row of four oval to slightly elongate adduc-
tor scars, and two frontal scars anterior to the adductors (Text-fig. 1). The dorsal frontal scar
is round, the ventral is larger, elongated, and slightly incised in the middle. Plusquellec and Sand-
berg (1969) provided a detailed discussion of campylocytherine dorsal and mandibular muscle
scars, which are generally very similar in Acuticythereis, Campylocythere, and Climacoidea. Dickau
and Puri (1976) studied the soft parts of Acuticythereis laevissima Edwards, 1944, and found a
five-jointed first antennae and chitinous supports in the knees of this species.

Note on Campylocythereis Omatsola, 1971

Omatsola (1971) proposed the genus Campylocythereis for Holocene species from the Niger
Delta area of the West African coast and placed it in the Campylocytherinae because of its cara-
pace shape, the stated similarity of the dorsal muscle scars to those of Campylocythere (both having
divided dorsal muscle scars), and its compound normal pores. However, the value of dorsal muscle
scars in classification is as yet untested. Campylocythereis does have a carapace shape similar to
that seen in the Campylocytherini, particularly some C. (Proteoconcha). However, the frontal and
adductor muscle scars, which are of known taxonomic value (Hazel, 1967; this paper), are unlike
those of known Campylocytherini. Similarly, normal pores are considered by some authors to
be important taxonomic characters for supergeneric categories, yet those of Campylocythereis are
quite different from those of the campylocytherines. All campylocytherini have what Puri (1974)
refers to as Type D normal pore configuration, described as sieve plates having a subcentral small
pore and separate single pores that have a sensory hair (in living material). We are not sure where
in Puri’s classification of pore types those described by Omatsola for Campylocythereis can be
classified, but they are not similar to those seen on our specimens of Campylocytherini, nor on
those illustrated by Puri (1974). Moreover, Campylocythereis has a dorsal adductor scar that
points towards the anterodorsal region, a much elongated and anteroventrally pointing dor-
somedian scar, and two ventral adductors that “are in close contact with each other but sometimes
show continuity” (Omatsola, 1971, p. 108). The frontal scars of Campylocythereis consist of one
J-, U-, or heart-shaped scar, or a double or triple frontal scar (Omatsola, 1971). These muscle-scar
patterns are quite distinct from the typical campylocythereine pattern, which, as mentioned above,
consists of a near-vertical row of four undivided adductors and a double frontal scar (see our Text-
fig. 1; Plusquellec and Sandberg, 1969). Campylocythereis has muscle scars that are very similar
to genera of the largely Southern Hemisphere subfamily Rocaleberidinae Bertels, 1969. Compare,
for example, the illustrations given by Omatsola (1971) with those given by Bertels (1969) for
Wichmanella and Neoveenia. We believe Campylocythereis to be more closely related to the ro-
caleberidines than to the campylocytherines. Omatsola (1971), of course, did not have benefit of
the normal pore data given in Puri (1974), nor had he seen Bertel’s (1969) work.

Note on ““ Acuticythereis’ cocoaensis Krutak, 1961

The range of the tribe Campylccytherini has been extended by some authors back to the
Eocene because of the inclusion in the taxon of the late Eocene species Acuticythereis cocoaensis
Krutak, 1961. This species, we believe, is referable to the Campylocytherinae but not to the
campylocytherini. The presence of a dorsal muscle platform (see Krutak, 1961, P1. 93, fig. 11) and
the shape of the valves suggests closer affinity with Leguminocythereidini such as Triginglymus
than with genera of the Campylocytherini. We therefore exclude it from the Campylocytherini.



43

Texr-AIG. 1—Campylocytherine  muscle
scars. A. Climacoidea (Climacoidea)
plueurata Puri, 1956, muscle scars of male
left valve, USNM 254586, x 925; B.
Climacoidea (Reticulocythereis) reticulata
n. sp., muscle scars of female right valve,
USNM 254578, x 1000; C. Climacoidea
(Reticulocythereis) floridana Puri, 1960,
muscle scars of female right valve,
USNM 254582, 5, x 900,
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STRATIGRAPHIC DISTRIBUTION

The tribe Campylocytherini evolved during the latest early Miocene or earliest middle Miocene;
the Miocene species C. (Proteoconcha) redbayensis (Puri, 1954), first appeared in the Chipola For-
mation of Florida. By the early Pliocene, at least eight species had evolved within the genera Cam-
pylocythere, Acuticythereis, and Climacoidea (Proteoconcha). The subgenus C. (Reticulocythereis)
first appeared in Florida and Delaware during the Pleistocene. C. (Climacoidea) has been found in
upper Pliocene deposits at Sarasota, Florida, and in Pleistocene deposits from elsewhere in sou-
thern Florida.

The stratigraphic distributions of species of Acuticythereis, Campylocythere, and Climacoidea
(Proteoconcha) in some Atlantic and Gulf Coastal Plain deposits were given by Plusquellec and

EXPLANATION
HOLOCENE SPECIES
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Text~F1G6. 2—Holocene distribution of campylocytherines.

PLaTE 1—Figs. 1, 4. Climacoidea (Climacoidea) plueurata Puri, 1956. 1. female left valve, lateral view USNM
254563, 5, x135; 4. male carapace, dorsal view, USNM 254564, 5, X 140.
Figs. 2, 5. Climacoidea (Reticulocythereis) reticulata n. sp., Holotype, female left valve, lateral view, USNM
254572, 4, x155; 5. male carapace, dorsal view, USNM 254573, 2, X155,

Fig. 3. Climacoidea (Reticulocythereis) foresteri n, sp., Holotype, female left valve, lateral view, USNM 254583,
10, x120.
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Sandberg (1969); see also Hazel (1983). Climacoidea (Climacoidea) plueurata is known only as a
fossil from upper Pliocene and Pleistocene deposits of Florida. C. (Reticulocythereis) floridana is the
only species of the subgenus that has a known fossil record. It has been found in the Pleistocene of
southern Florida, in upper Pleistocene deposits on the St. Mary’s River on the Florida-Georgia
border (Cronin, 1979), and in the Pleistocene of Delaware on the Delmarva Peninsula.

GEOGRAPHIC DISTRIBUTION AND HABITAT

Text-figure 2 summarizes the generalized Holocene zoogeographic distribution of campylo-
cythereine species in the northern Gulf of Mexico and on the Atlantic Coast on the basis of our
collections and published occurrence data. C. (Reticulocythereis) foresteri n. sp. is known only
from waters of the Yucatan Peninsula, whereas Acuticythereis laevissima is known from the Gulf
of Mexico off Florida and the north coast of Puerto Rico.

In terms of climate, the region between about Cape Cod, Massachusetts, and Cape Hatteras,
North Carolina, is a mild-temperate climatic zone and constitutes the Virginian faunal province
(Hazel, 1970). The region from Cape Hatteras to southern Florida contains assemblages of the
Carolinian faunal province and has a subtropical climate. The northern Gulf of Mexico is also a
subtropical climatic zone, although the ostracode assemblages from the Gulf are quite distinct
from those of the southeastern Atlantic Coast (Cronin, 1979). Southern Florida and the northern
coasts of the Greater Antilles are a transitional zone between the subtropics and tropics.

The campylocytherine zoogeographical data show several salient trends. Campylocythere is te-
stricted to Atlantic Coast mild-temperate and subtropical regions; Acuticythereis is an inhabitant
of subtropical (off western Florida) to subtropical-tropical transitional (off Puerto Rico) areas.
All extant species of Climacoidea (Proteoconcha) inhabit inner sublittoral areas of the Atlantic and
Gulf Continental shelf, except C. (P.) edwardsi, C. (P.) costa and C. (P.) concinnoidea, which are
restricted to the Gulf of Mexico. The subgenus Climacoidea (Proteoconcha) is predominantly a
subtropical taxon; C. (P.) tuberculata, C. (P.) gigantica, and C. (P.) nelsonensis, however, range
into the mild-temperate Virginian faunal province. Climacoidea (Reticulocythereis) is today res-
tricted to the Gulf of Mexico; its occurrence in Pleistocene deposits near the Florida-Georgia
border and in Delaware suggests a faunal interchange during Pleistocene time (Cronin, 1979).

Campylocythere and Acuticythereis inhabit primarily inner continental shelf environments at
depths less than about 40 m and in normal marine salinity (about 35-36 ppt (parts per thousand)).
Most species of C. (Proteoconcha) also inhabit the inner continental shelf, although C. (P.) nel-
sonensis, C. (P.) costa and C. (P.) concinnoidea are most common in polyhaline environments
having salinities of about 20-30 ppt (Grossman, 1967; Swain, 1955).

Although known only as a fossil, Climacoidea (Climacoidea) plueurata was considered char-
acteristic of salinities greater than 30 ppt and depths less than 10 m by Puri and Vanstrum (1971).

In general, C. (Reticulocythereis) inhabits a wide range of nearshore marine environments. C.
(R.) multicarinata is common in Texas bays and lagoons in water 0 to 1.5 m deep, having salinities
of 11.3 to 50.0 ppt and temperatures 10.8° to 33.0°C (King and Kornicker, 1970). Our specimens
of C. (R.) foresteri came from a shallow brackish lagoon on the coast of Yucatan. Puri (1960, p.

PLaTE 2—Figs. 1, 4. Climacoidea (Climacoidea) plueurata Puri, 1956. 1. female right valve, lateral view, USNM
254565, 5, x140; 4, female carapace, dorsal view, USNM 254566, 6, x 140,
Fig. 2. Climacoidea (Reticulocythereis) reticulata n.sp., female right valve, lateral view, USNM 254574, 4,
X 155. .
Figs. 3, 5. Climacoidea (Reticulocythereis) floridana Puri, 1960. 3. female carapace, right-lateral view, USNM
254579, 4, x120; 5. female carapace, dorsal view, USNM 254575, 5, x120.
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108) described C. (R.) floridana from “shore sand near public beach,” and Keyser (1975a, 1978)
found this species on sandy substrata in mangrove swamps off southwestern Florida, in waters
of 11 to 34 ppt salinity.

SYSTEMATIC PALEONTOLOGY

All measurements are in microns; L = length, H = height, W = width. All illustrated speci-
mens have been deposited in the collections of the Department of Paleobiology, Smithsonian
Institution, U. S. Museum of Natural History (USNM).

Subclass OsTRACODA Latreille, 1802
Order PopocoriDA Sars, 1865

Suborder PopoCoPINA Sars, 1865

Superfamily CYTHERACEA Baird, 1850
Family TRACHYLEBERIDIDAE Sylvester-Bradley, 1968
Subfamily CAMPYLOCYTHERINAE Puri, 1960

Tribe CAMPYLOCYTHERINI Puri, 1960

Genus CLIMACOIDEA Puri, 1956

Type species.—Climacoidea plueurata Puri, 1960

Diagnosis.—Distinguished from other campylocytherine genera by its low number of normal
pores, its lower number, uneven distribution, and relatively long length of radial and false radial
pore canals, its small shallow anterior vestibule, its subovate to subquadrate shape, and its steep
anterior conical tooth and deep round postjacent socket in right valve,

Remarks.—We include three subgenera in the genus Climacoidea Puri, 1956: C. (Reticulocy-
thereis) Puri, 1960, characterized by its regular reticulation and posteroventral alate projection,
C. (Climacoidea) Puri, 1956, characterized by its extremely well developed curved carinae, and
C. (Proteoconcha) Plusquellec and Sandberg, 1969, characterized by its smooth to variably pitted
valves.

Stratigraphic Range.—Lower?, middle Miocene to Holocene.

Subgenus CLIMACOIDEA (CLIMACOIDEA) Puri, 1956

Diagnosis.—Characterized by extremely well developed curved carinae, which parallel and in
places overlap the valve margin. Carapace variably reticulated between carinae.

Remarks.—At present, C. (Climacoidea) plueurata Puri, 1956, is the only species known in this
subgenus.

Stratigraphic Range—Upper Pliocene to Pleistocene.

CLIMACOIDEA (CLIMACOIDEA) PLUEURATA Puri, 1956
(PL. 1, figs. 1, 4; Pl 2, figs. 1, 4; PL 3, fig. 1; Pl. 4, figs. 3, 4; PL §, figs. 1,2; Text = fig. 1 A)
Climacoidea plueurata Puri, 1956, p. 275, 276, Pl. 36, figs. 5-12.
Climacoidea pleurata (sic) Puri. PURI AND VANSTRUM, 1971, p. 440, fig. 4.

PLATE 3—Fig. 1. Climacoidea (Climacoidea) plueurata Puri, 1956, male left valve, lateral view, USNM 254567, 4,
% 150.
Fig. 2. Climacoidea (Reticulocythereis) reticulata n. sp., male left valve, lateral view, USNM 254576, 2, x175.
Figs. 3, 5. Climacoidea (Reticulocythereis) foresteri n. sp. 3. male left valve, lateral view, USNM 254584, 10,
% 120; 5. female carapace, dorsal view, USNM 254585, 10, x110.
Figs. 4, 6. Climacoidea (Reticulocythereis) floridana Puri, 1960. 4. male carapace, left-lateral view, USNM 254580,
6, x130; 6. male carapace, dorsal view, USNM 254580, 6, x135.
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Remarks.—The development of intercarinae reticulation varies in this species, but the regions
between carinae are never smooth.

Stratigraphic Range.—Upper Pliocene to Pleistocene,

Occurrence.—Localities 1, 2, 3, 4, 5, 6A, 7, 8, 9, 11.

Dimensions.—USNM 254563, female left valve, L = 620, H = 370; USNM 254564, male cara-
pace, L = 605, H = 340, W = 320; USNM 254565, female right valve, L = 600, H = 325; USNM
254566, female carapace, L = 630, H = 375; USNM 254567, male left valve, L = 605, H = 335;
USNM 254568, male left valve, L = 590, H = 335; USNM 254569, female right valve, L = 630,
H = 345; USNM 254570, male right valve, L = 625, H = 320; USNM 254586, male left valve,
L = 585, H = 350.

Subgenus CLIMACOIDEA (PROTEOCONCHA) Plusquellec and Sandberg, 1969

Type Species.—Proteoconcha proteus Plusquellec and Sandberg, 1969 (= Acuticythereis nel-
sonensis Grossman, 1967)

Diagnosis.—Characterized by smooth to variably pitted surface; pitting of some species varies
among and within single populations.

Remarks.—C. (Proteoconcha) nelsonensis Grossman, 1967, and C. (P.) multipunctata (Edwards,
1944) have pitted valves; other species are smooth. Species of C. (Proteoconcha) can be distin-
guished from one another primarily on the basis of carapace shape and the number and arrange-
ment of anterior radial and false radial pore canals (Plusquellec and Sandberg, 1969).

Stratigraphic Range.—Lower?, middle Miocene to Holocene.

Subgenus CLIMACOIDEA (RETICULOCYTHEREIS) Puri, 1960

Type Species.— Reticulocythereis floridana Puri, 1960

Diagnosis.—Characterized by regular subquadrate to polygonal reticulation over entire cara-
pace, arranged longitudinally dorsally; it possesses a variably developed posteroventral alate pro-
jection, :

Remarks.—Species of C. (Reticulocythereis) are distinguished from one another on the basis
of carapace size and shape, development of the posteroventral alate projection and details of
reticulum.

Stratigraphic Range.—Pleistocene to Holocene,

CLIMACOIDEA (RETICULOCYTHEREIS) FLORIDANA Puri, 1960
(PL 2, figs. 3, 5; PL 3, figs. 4, 6; Pl 4, figs. 5, 6; Pl 5, figs. 5, 6; Text-fig. 1C)

?New genus 1, n. sp. 1, Purt aAND HuLINGS, 1957, fig. 11, Clastic Province No. 12.

Reticulocythereis floridana Purl, 1960, p. 126, Pl. 1, figs. 3, 4; Text-fig. 25; Puri, 1974, PL. §5, fig. 9; 7Pl 3,
fig. 1; KEYSER, 1977, p. 69, Pl. 3, figs. 8-13; KEYSER, 1978, p. 214, fig. 4, No. 24; CRONIN, 1979, p. 148,
Pl 17, fig. 2.

?Pro:ocytheregtta multicarinata (Swain, 1955). BENDA AND Puri, 1962, p. 339, Pl. 3, figs. 11, 12.

Diagnosis.—Characterized by moderate size, a carapace that tapers posteriorly more than other

PLATE 4—Figs. 1, 2. Climacoidea (Reticulocythereis) reticulata n. sp. 1. female left valve, internal view, USNM

254577, 4, x102; 2. female right valve, internal view, USNM 254578, 2, X112,

Figs. 3, 4. Climacoidea (Climacoidea) plueurata Puri, 1956, 3. male left valve, internal view, USNM 254568, 4,
X 98; 4. female right valve, internal view, USNM 254569, 2, x112.

Figs. 5, 6. Climacoidea (Reticulocythereis) floridana Puri, 1960, 5. female left valve, internal view, USNM 254581,
4, x102; 6. female right valve, internal view, USNM 254582, 4, x 116.

Figs. 7, 8. Climacoidea (Reticulocythereis) foresteri n.sp. 7. male left valve, interior view, USNM 254584, 10,
X 90; 8. male right valve, interior view, USNM 254571, 10, X 100.
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C. (Reticulocythereis) species, moderate development of alate projection, and the lack of alignment
of fossae of the reticulum in anterior region.

Remarks.—C. (Reticulocythereis) floridana lacks the strong longitudinal ribs of C. (R.) mul-
ticarinata Swain, 1955, and is bigger and more quadrate than that species. Garbett and Maddocks
(1979) placed C. (Reticulocythereis) floridana in synonymy with C. (R.) multicarinata, attributing
the size difference to environmental factors. In light of the morphologic variation in surface orna-
ment within this subgenus, it is possible that western and eastern Gulf and Atlantic populations
are conspecific. However, the majority of published illustrations of C. (R.) multicarinataand all Holo-
cene specimens in our collections from Texas bays show a morphotype with strong development
of the two posterodorsal and ventral ridges, small carapace size and distinct subhorizontal align-
ment of fossae. Eastern Gulf and Florida specimens have more even development of horizontal
and vertical ridges forming poorly aligned fossae and have slightly larger carapaces. No Florida
samples examined show the strong ridges and well developed ala which typify those in the western
Gulf.

We have examined Holocene and Pleistocene specimens from Corpus Christi Bay which have
extremely thick shells and two posterodorsal ribs so strongly developed they overlap the dorsal
margin and form the dorsal outline in lateral view. The posteroventral rib forms a very strong ala.
Weare not sure if these specimens are conspecific with C. (R.) multicarinata, but they seem to represent
an extreme morphology in this genus. C. (Reticulocythereis) floridana is smaller and has smaller
alae than C. (R.) foresteri n. sp.; it is longer than C. (R.) reticulata n. sp. and lacks the subparallel
rows of fossae in the anterior region of that species.

In some cases, single specimens of C. (Reticulocythereis) cannot be assigned to a particular
species. It is advisable to examine large sample sizes and to obtain specimens in which the surface
ornament is not worn. Further study of material from the Central Gulf is advisable to confirm the
relationships of Gulf species and morphotypes.

Stratigraphic Range.—Pleistocene to Holocene.

Occurrence—Localities 4, 5, 6B, 6C, 9, 10.

Dimensions—USNM 254575, female carapace, L = 700, H = 410, W = 380; USNM 254579,
female carapace, L = 680, H = 390, W = 410; USNM 254580, male carapace, L = 615, H = 320;
USNM 254581, female left valve, L = 670, H = 350; USNM 254582, female right valve, L = 590,
H = 315.

CLIMACOIDEA (RETICULOCYTHEREIS) RETICULATA 1. Sp.
(PL. 1, figs. 2, 5; Pl 2, fig. 2; Pl 3, fig. 2; PL 4, figs. 1, 2; PL 5, figs. 3, 4; Text-fig. 1B)

Diagnosis.—Characterized by small size, longitudinally aligned subparallel rows of fossae,
very weakly developed alate projection consisting only of a curved posteroventral rib bordering
a circular group of pits (see Pl 1, fig. 2).

Remarks.—This species lacks the well-developed alae and longitudinal ridges of other C. (Re-
ticulocythereis) species. It may have evolved from the subgenus C. (Proteoconcha), specifically C.
(P.) multicarinata (Edwards, 1944).

Holotype.—Female left valve (USNM 254572) from Bermont Formation (DuBar, 1974,
locality 2).

PLaTE 5—Figs. 1, 2. Climacoidea (Climacoidea) plueurata Puri, 1956. 1. male right valve, anterior hinge element,
USNM 254570, 4, x500; 2. same specimen, posterior hinge element, x 500.
Figs. 3, 4. Climacoidea (Reticulocythereis) reticulata n. sp. 3. female right valve, anterior hinge element, USNM
254578, 2, x500; 4. same specimen, posterior hinge element, x500.
Figs. 5, 6. Climacoidea (Reticulocythereis) floridana Puri, 1960. 5. female right valve, anterior hinge element,
USNM 254582, 4, x600; 6. same specimen, posterior hinge element, X 600.
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Etymology.—For the reticulate surface.

Stratigraphic Range.—Pleistocene.

Occurrence.—Localities 2, 4, 6C, 7, 9.

Dimensions.—Holotype; USNM 254572, female left valve, L = 570, H = 330, Paratypes:
USNM 254573, male carapace, L = 570, H = 340; USNM 254574, female right valve, L = 595,
H = 330; USNM 254576, male left valve, L = 525, H = 280; USNM 254577, female left valve,
L = 590, H = 350; USNM 254578, female right valve, L = 550, H = 300.

CLIMACOIDEA (RETICULOCYTHEREIS) FORESTERI N, Sp.
(PL. 1, fig. 3; PL 3, figs. 3, 5; Pl 4, figs. 7, 8)

Diagnosis.—Characterized by its large size, subquadrate shape; with subparallel dorsal and
ventral margins in both sexes, “L”-shaped posteroventral ala, and strong development of longi-
tudinal ribs in dorsocentral region (Pl 1, fig. 3; PL 3, fig. 5).

Remarks.—The large size, distinctive shape and well-developed surface ornament distinguish
this species from other species of C. (Reticulocythereis). In particular, C. (R.) foresteri does not taper
posteriorly, but has a bluntly rounded posterior outline, even in males. Males are longer and
higher than males of C. (R.) multicarinata (compare Pl. 3, fig. 3 with Garbett and Maddocks, 1979,
Pl. 14, fig. 2). C. (R.) foresteri also differs slightly from C. (R.) multicarinata in the surface ornament
in which the fossae are more concentrically arranged anteriorly, paralleling the margin in the
former species.

Holotype.—Female left valve (USNM 254583) from waters off Yucatan, locality 12.

Etymology.—After Richard M. Forester, U.S. Geological Survey, who provided the material.

Stratigraphic Range.—Holocene.

Occurrence.—Locality 12,

Dimensions.—Holotype: USNM 254583, female left valve, L = 725, H = 420; Paratypes:
USNM 254584, male left valve, L = 715, H = 390; USNM 254585, female carapace, L = 780,
H = 450, W = 480; USNM 254586, male left valve, L = 585, H = 350; USNM 254571, male
right valve, L = 680, H = 325.
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COLLECTIONS

Fossil material for this study came from outcrops (localities 1-5) and from subsurface test-well
samples (localities 6-10). The location, lithostratigraphic unit, lithology and depth interval for
test-well samples were taken from Parker et al. (1955) and are given below.

The Holocene samples of C. (R.) foresteri, provided by R.M. Forester, U.S. Geological Survey,
came from waters off the Yucatan Peninsula (locality 12). Holocene samples of Climacoidea (Pro-
teoconcha) and Campylocythere from the Atlantic Continental Shelf came from U.S. Geological
Survey bottom grab samples collected by a joint USGS-Woods Hole Oceanographic Institution
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program to study the marine geology of the Atlantic continental margin (Emery, 1966). Detailed
locality data have been given in Hathaway (1966). Specific locality data for samples used in the
present study to determine campylocytherine zoogeography will be provided by the authors
upon request.

Pliocene and Pleistocene

1.

“Miami Canal Pump Station,” Pump No. 8 at Broward-Palm Beach County, Florida, line. From
matrix removed from Mulea sp., Thomas Hughes Collection. Caloosahatchee Formation (lower
Pleistocene). East spoilbank 2 km S. of county line. (USGS Cenozoic locality 24723).

. Harney Pond Canal, Glades County, Florida; N. of Structure 71, Caloosahatchee Formation (lower

Pleistocene). (USGS Cenozoic locality 22281).

. “Tropical River Groves”, Charlotte County, Florida; pit about 1.0 km N. of Florida S-74, about 8

km E. of intersection with Florida 31, Telegraph Swamp NW quadrangle. Bermont Formation (middle
Pleistocene) of DuBar (1974). (USGS Cenozoic locality 23677).

. LaBelle, Hendry County, Florida; Sears quadrangle, about 100 m S. of Florida 80, about 4 km W. of

intersection with Florida 29. Bermont Formation (middle Pleistocene) of DuBar (1974). (USGS Ceno-
zoic locality 23670).

. Sussex County, Delaware ; Selbyville quadrangle, Dirickson Creek ditch, about 1.5 km E. of Roxana;

1.3 km N. of Johnson; lat. 35° 29.75’ N., long. 75° 7.75" W. (Collected by James Demarest, Univ.
Delaware). Omar Formation (upper Pleistocene).

Test Wells

6.

10.

11.

GS-1: SE. 1/4 SE. 1/4 sec. 29, T. 48 S., R. 39 E. On Florida Highway 25, 9.7 km N. of Florida Highway
84, Broward County. Land surface altitude 2.6 m above sea level (ASL). Shelly quartz sand. Pleis-
tocene Fort Thompson Formation (upper Pleistocene) sensu Parket and others (1955).

Depth: (m) A. 3.8-4.3; B. 4.34.9; C. 11.1-12.2; D. 13.4-15.8

. GS-11: T. 47 S., R. 40 E. S. side of Hillsboro Canal, 17.7 km W. of Florida Highway 7, Palm Beach

County. Land surface altitude 3.7 m ASL. Sandy, shelly limestone. Fort Thomson Formation (upper
Pleistocene).

Depth: (m) 11.7-12.4

. GS-13: Sec. 30, T. 50 S., R. 38 E. NE. side of Miami Canal, 0.4 km NW. of South New River Canal,

Broward County, Florida. Land surface altitude 3.5 m ASL. Sandy, shelly limestone. Fort Thompson
Formation (upper Pleistocene).
Depth: (m) 14.8-14.9.

. G-182: NW 1/4 NW 1/4 sec. 19, T. 53 S., R. 41 E. Morningside Drive and Curtiss Parkway, Miami

Springs, Dade County, Florida. Land surface altitude 1.8 m ASL. Calcareous sandstone, sandy, shelly
limestone. Fort Thompson Formation (upper Pleistocene).

Depth: (m) 26.8-28.7.
G-189: NW 1/4 SW 1/4 sec. 15, T. 54 S., R. 41 E. SW 27th Avenue and Dixie Highway, Miami, Dade
County, Florida. Land surface altitude 3.5 m ASL. Fossiliferous calcareous sandstone. Fort Thomp-
son Formation (upper Pleistocene).

Depth: (m) 26.8-28.7.
Borrow Pit. NW 1/4 sec. 13, T. 36 S, R. 18 E. 0.5 m north of east end of 17th Street in Sarasota, Sara-
sota County, Florida. Very fossiliferous shelly sands. Pinecrest facies (upper Pliocene) of the Tamiami
Formation as used by DuBar (1974).

Holocene

12.

Coast of Isla Cancun, northern Yucatan Peninsula, Mexico, from lagoon about 0.5 m in depth.
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Morphological Affinities in Ostracoda,
Misleading and Revealing

HEINZ MALZ
Forschungsinstitut Senckenberg, Frankfurt am Main, F.R. Germany

ABSTRACT

In many cases the outline of an ostracod carapace is a first criterion for its generic deter-
mination. However, more characteristics are needed for qualified generic assignment, as shape
may turn out to be a very misleading feature. For example, were it not for the bairdiid muscle scars,
Pterobairdia could easily be mistaken for a Cytheropteron. Similarly a Bairdia-shaped ostracod may
not necessarily bear any relationship to Bairdia or to any of its allied genera. Therefore Bairdiacy-
there is introduced as a new subgeneric taxon of Schuleridea and grouped within Cytheridae,
Cytherideinae, Schulerideini. The new taxon which by its name alludes to the genera Bairdia and
Cythere is characterized by its bairdiid shape, but proves cytherid by its muscle scars.

Schuleridea (Bairdiacythere) is closely related to a group of Bathonian ostracods which is
included in Schuleridea (Eoschuleridea) that precedes the Upper Jurassic to Cretaceous Schuleridea
(Schuleridea). Beside the phylogenetic development of Schuleridea (Eoschuleridea) to Schuleridea
(Schuleridea) a local, perhaps an endemic, development simultaneously produced Schuleridea
(Bdirdiacythere) as an ecologically favoured offshoot of Schuleridea (Eoschuleridea). Rather than
raising Schuleridea (Eoschuleridea) to generic rank in order to point out its close relationship with
Bairdiacythere as a subgenus of it, the subgeneric status for both Schuleridea (Eoschuleridea) and
Schuleridea (Bairdiacythere) is favoured. This taxonomical valuation is paralleled by the Neogene
Schuleridea (Amphischuleridea) which comes closer to Schuleridea (Aequacytheridea) rather than
to Schuleridea (Schuleridea).

INTRODUCTION

The Old Cement Works quarry at Kirtlington in Oxfordshire has proved to be alocality extremely
rich in Upper Bathonian ostracod faunas, both in species and specimens. In the inventory of
ostracod species listed by Ware and Whatley (1980) from that locality a total of 92 speces is con-
tained, 59 of which are determined to the specific level leaving the rest to cf. and aff. determinations
or to open nomenclature. By their description of a farther 12 species, Ware and Whatley increased
the number of taxa to more than 70 known species from Kirtlington Quarry, mainly marine, but
some also indicative for freshwater.

Among the numerous species there is a very remarkable from which is reminiscent of a bairdiid
in its outline and shape. However, its muscle scars prove it to be a cytherid. Since the species occurs
in great numbers, it cannot be overlooked in the various samples from the Kirtlington Forest Mar-
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ble. However, since the species has not been mentioned in the literature before, it must have been
misidentified (determined perhaps as Bairdia hilda), or left under open nomenclature (? which).
As regards the internal features of the new Bairdia-like cytherid, its close relationship to species
grouped within Schuleridea (Eoschuleridea) Bate, 1967 can be ascertained. However, from dif-
ferences in outline and hinge structure a separate status is proposed, namely Schuleridea (Bairdia-
cythere) subg. nov. By the introduction of a new subgeneric unit the *“‘aspects of the Subfamily
Schulerideinae” (Neale, 1982: 181) become even more complex. On the other hand, this complexity
provesinfacta skilled and useful solution in taxonomy which is really “as much an art as a science”.

SYSTEMATIC PART

Family CYTHERIDAE Baird, 1850
Subfamily CYTHERIDEINAE Sars, 1925
Tribe SCHULERIDEINI Mandelstam, 1959

Remarks.—With reference to Neale (1982: 180) “the Schulerideinae is a practical grouping of
convenience”. In correspondance with that valuation the two equivalent tribes Schulerideini and
Apatocytherini Griindel, 1976 likewise and sufficiently validate Neale’s conception of Schule-
rideinae. This devaluation of Schulerideinae to infrasubfamilia rank stands, it is true, against the
opposite version approached by Bate (1967) and followed by Kollmann (1971) who raised Schule-
rideinae to familia rank. However, since “there has been a veritable explosion of ostracod genera
in the last two decades” (Neale, 1982: 185), shifting to higher categories neither includes better
possibilities for the determination and classification of genera nor does it render any help for a
better understanding of ostracod phylogeny. On the contrary, since shifting to higher categories
does not keep in step with the number of available features in an ostracod carapace, generic deter-
mination becomes more and more obscure by less and less features. Thus, for very practical rea-
sons the determination of an ostracod as belonging to the family Cytheridae gives as much in
formation as its determination as a cytheracean or as a cytherocopine. This pragmatic point of view
is approached also by the ‘“‘zoological systematics’” presented by Hartmann (1975: 724) who re-
cognizes Schulerideini within Cytherid‘einae of the family Cytheridae.

i

Genus SCHULERIDEA Swartz and Swain, 1946
Type species.—Schuleridea acuminata Swartz and Swain, 1946.
Subgenus SCHULERIDEA (BAIRDIACYTHERE) subg. nov.
Type species.—Schuleridea (Bairdiacythere) bairdiaformis sp. nov.

Name —With reference to the Bairdia-like outline and the cytherid relationship.

Diagnosis.—A subgenus of Schuleridea without an eye swelling, but with a faintly marked ocular
sinus below the anterior part of hinge in the RV. Carapace sub-ovate in side view with a concave
(Bairdia-like) posterodorsal break behind which the posterior end is pointed, more so in the smaller

PLATE 1—All specimens are from the Upper Bathonian Forest Marble of the Old Cement Works quarry at Kirt-
lington, Oxfordshire (Mz 72/1967). Measurements (in brackets) refer to length of specimens in gm. LV =
left valve, RV = right valve, C = carapace. Magnification x 84, unless stated otherwise.

Figs. 1-2. Schuleridea (Eoschuleridea) bathonica Bate, 1967. 1. Female C (710), right lateral.—Xe 12933;
2. Female LV (730), internal lateral.—Xe 12933.

Figs. 3-5. Schuleridea ( Eoschuleridea) trigonalis (Jones, 1884). 3. Female C (730), right lateral.—Xe 12936;
4. Female LV (720), internal lateral.—Xe 12936; 5. Female C (680), dorsal.—Xe 12937.

Figs. 6-9. Schuleridea ( Bairdiacythere) bairdiaformis sp. nov. 6. Female C (740), rightlateral.—Xe 12920;7.
Male C (740), dorsal.—Xe 12921; 8. Female LV (740), a) internallateral, b) hinge, X 165.—Xe 12922;
9. Female C (700), ventral.—Xe 12923,
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RY than in the overlapping LV. Tripartite hinge short, restricted to mid-third of valve length, of
the paleomerodont type and with an accommodation groove above the central part in the LV.
Duplicature moderately broad, with about 25 radial pore canals anteriorly and 9 posteriorly.
Muscle scars correspond to the cytherid type with four adductors, one frontal and two separate
mandibular scars.

Description.—As for the type species.

Relationship.—The subgenus is closely related to Schuleridea (Eoschuleridea) Bate, 1967 with
which it has in common the cytherid type of muscle scars and the development of the marginal
zone, but differs from it in the Bairdia-like shape and the short compressed hinge of the paleomero-
dont type. Within the Schulerideini similar indentations of the outline occur in Pseudocytheridea
Schneider, 1949 and in Schuleridea (Amphischuleridea) Kollmann, 1971. However, in both taxa (or
is it only one ?) the carapace is incurved posteroventrally.

Stratigraphic range.—Middle Jurassic (Upper Bathonian).

Distribution—XKnown from the Oxfordshire area only.—Although many Bathonian loca-
lities are known to me by their ostracod faunas I did not come across any form similar to the spe-
cies described below. Therefore I suppose that the species developed as a very local element prov-
ing adaption to endemism.

Biotope.—The biotope in which the species occurs is dominated by marine ostracods, yet some
indicators for freshwater are present, for instance Theriosynoecum kirtlingtonense Bate, 1965
and Limnocythere ceratina Ware and Whatley, 1980. The mixture of ostracods from different
habitats has been subject to various explanations (referred to by Ware and Whatley, 1980).
These explanations range from reworked freshwater deposits in a marine environment via autoch-
thonous brackish water layers to an interfingering of freshwater and marine sediments in the tidal
area of a river system. From the rich material at my disposal I gathered some information which
may turn out useful for an explanation: The preservation of the marine species varies widely and
ranges from very well to poorly preserved specimens, whereas that of the freshwater species is
quite excellent. Couldn’t this mixture point to a freshwater pool filled by reworked marine se-
diments?

SCHULERIDEA (BAIRDIACYTHERE) BAIRDIAFORMIS Sp. nov.
(Pl. 1, figs. 6-9; Pl 2, figs. 10-17)

Name.—With reference to the Bairdia-like outline.

Holotype.—Male carapace, Pl. 2, fig. 17; SMF Xe 12919.

Type locality and horizon.—Old Cement Works quarry at Kirtlington, Oxfordshire, England.
Upper Bathonian, Forest Marble.

Paratypes.—More than 150 carapaces and valves: SMF Xe 12920-12932.

Diagnosis.—As for the monotypic subgenus.

Measurements (dimensions in gm).—The size of the adult specimens covers a wide range, from
length 630/height 420 to length 780/height 500. Presumably the smaller specimens (length 630-740)
represent females, whereas the larger specimens (length 690-780) represent males. As there is a large

PLatE 2—All specimens are from the Upper Bathonian Forest Marble of the Old Cement Works quarry at Kirt-
lington, Oxfordshire (Mz 72/1967). Measurements (in brackets) refer to length of specimens in xm. LV = left
valve, RV = right valve, C = carapace. Magnification x 83, unless stated otherwise.

Figs. 10-17. Schuleridea ( Bairdiacythere) bairdiaformis sp. nov. 10. Female C (720), dorsal (slightly tilted to
show overlap).—Xe 12924; 11. Male RV (750), a) internal lateral, b) hinge, x 165, ¢) muscle scars, x 165
(4 adductors, 1 frontal, and 2 mandibulars).—Xe 12922; 12. Male RV (750), dorsal.—Xe 12924, 13. Male
LV (690), a) internal lateral, b) hinge, x165.—Xe 12920; 14. Male RV (740), internal lateral.—Xe
12921; 15. Female LV (700), internal lateral.—Xe 12923; 16, Female C (740), right lateral.—Xe 12925;
17. Male C (780), holotype, right lateral. —Xe 12919.
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overlap in size, sexual dimorphism remains somewhat uncertain. Therefore, specimens that are
more pointed posteriorly (Pl. 2, figs. 13, 17) are regarded as males, the less pointed specimens (Pl. 2,
figs. 15, 16) are taken to represent the females.—In some juvenile specimens (length=<560) a very
narrow duplicature is present and the Bairdia-like posterodorsal break is but faintly developed.

Description.—Carapace sub-ovate in side view with a Bairdia-like concave break in the postero-
dorsal part, below which the posterior end is more pointed in the RV than in the LV, Larger LV
highly arched mid-dorsally overlapping the smaller RV along the entire margin, especially in the
posterodorsal break. Greatest length below mid-point, greatest height at about mid-length,
Carapace oval in dorsal view with greatest width median. Surface smooth, finely punctate by
widely spaced openings of lateral pore canals. Hinge short, restricted to mid-third of dorsal margin,
tripartite and of the paleomerodont type. In the LV the anterior part of the hinge is developed as
a deep. oval, loculate trough which is framed proximally by a torose lip. Medially there is a
short, shallow, narrow furrow connecting the terminal hinge parts. The posterior part consists of
a deeply incised, oval, loculate socket without any proximal frame. Above the median hinge part a
distinct accommodation groove is visible, even in lateral right side views of closed carapaces.
Inner margin and line of concrescence coincide; duplicature moderately broad anteriorly, rather
narrow posteriorly. Radial pore canals densely spaced, slightly curved, about 25 anteriorly and 9
posteriorly, bent to openings on the sub-peripheral lateral exterior, but not terminating marginally.
As a result of overlap, the terminal ends of the LV are rims projecting over the RV; proximal to
the rounded rim the smaller RV rests against a subperipheral zone marked by fine striae in the
LV; PlL1, fig. 8a, PL. 2, figs. 13a,b, 15. The vertical row of 4 adductor scars is slightly curved behind
a prominent oval frontal scar. Two mandibular scars are positioned anteroventrally and ventrally.

Relationship.—Schuleridea (Bairdiacythere) bairdiaformis sp. nov. is closely related to a group
of species assigned to Schuleridea (Eoschuleridea) occurring in the same samples from the Kirt-
lington quarry (Pl 1, figs. 1-5), but differs from all the others by its bairdioid shape, its compressed
hinge, and the torose lip supporting the anterior socket.

Occurrence.—So far the species has been found in several samples from the type locality.
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ABSTRACT

Taxonomic interpretations of Recent ornate bairdiids are reviewed and monophyletic and poly-
phyletic origins for these forms discussed in the light of new material and new distributional data.

Triebelina sertata Triebel, here considered to include T. rectangulata Hu and T. lata Hu
as junior synonyms, is recorded from Pleistocene deposits in Taiwan and from (Sub-)Recent
bottom samples from the Taiwan Strait. The species is widely distributed in circum-tropical regions
and its occurrence in the Mediterranean is regarded as a relict from the Tethyan history of the
region. — A new large Triebelina species (T. jellineki sp. nov.) is described from the Phillipines, where
it is associated with T. amicitiae Keij. — New records of T. raripila (G.W. Miiller) indicate that it
is an endemic Mediterranean species. — The type species of Havanardia (H. havanensis Pokorny)
is recorded by new material with associated adults and juveniles from Cozumel Island, off Mexico.

In addition, new records of Glyptobairdia coronata (Brady) and Pterobairdia maddocksae Mc-
Kenzie and Keij are presented. G. coronata is restricted to the Caribbean. P. maddocksae, from
off W. Sumatra, has certainly suffered transport from shallow to deeper waters.

FOREWORD

Bairdiid ostracods are so widely distributed in the fossil record that no symposium on Ostracoda
should lack some discussion of these forms. Indeed, (m)any opinion(s) on bairdiid taxonomy
continue(s) to raise more questions and problems than can be solved at that time. New finds add new
facts! Ever since the first Recent ornate bairdiid, Bairdia coronata Brady was described in 1870
much new evidence has come to light, but the brief review below of problems and controversies
shows that the subject is far from exhausted.

HisTorICAL REVIEW

Discussion concerning Recent ornate bairdiids started soon after the two genera Triebelina
Van den Bold and Glyptobairdia Stephenson were first described in 1946. Within a short time
three different views of these genera were advanced. Triebel (1948) regarded Glyptobairdia as a junior
synonym of Triebelina, a position followed by Key (1954), Van Morkhoven (1958, 1963), and the
contributing authors of the two synoptic volumes, the Osnovy (1960) and Treatise (1961). A second
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view was put forward by Pokorny (1958: 227), who erroneously considered Triebelina a nomen
nudum and therefore took Glyptobairdia as the valid generic name. Indeed, the validity of Triebelina
was still regarded as questionable by Hartmann (1975: 698) but this view is no longer widely
shared. A third version envisaged the co-existence of Triebelina and a re-established Glyptobairdia
(initiated by Kollmann, 1960: 91; see also McKenzie and Keij, 1977 for further references). This
interpretation is supported by zoological evidence (Maddocks, 1969), and palaeontological con-
clusions (Keij, 1974, 1976).

The Triebelina/Glyptobairdia complex of Recent ornate bairdiids was enlarged by the description
of two alate to winged forms based also on Recent type species, viz. HavanardiaPokorny, 1968 and
Pterobairdia McKenzie and Keij, 1977.

Opinion is further divided when ancestors are sought for these Recent ornate and winged bair-
diids and both monophyletic and polyphyletic origins have been proposed:

1. The Subfamily Triebelininae Kollmann, 1963 represents a phylogenetic development from
Permian to Recent, and the use by Bolz (1971) of the subgenus Triebelina (Triebelina) for Triassic
species even means a lineal descent to Recent forms.

2. Van den Bold (1974: 32) considered ornate bairdiids to have developed polyphyletically. If one
assumes that Triebelina originated from difierent paranesidean ancestors then the same presump-
tion must be transferable and must logically apply also to the development of a single Triebelina
species in different regions. From this argument migration is not needed to explain the distribu-
tion of a species, which is relevant to the anomalous distribution of Triebelina sertata (Pl.3, figs.
4-5) in the Eastern Mediterranean (see below, and discussion by Keij, 1974: 357). The same inter-
pretation also affects our view of most of the ornate Triassic bairdiid taxa and the other scattered
occurrences of these ostracods through the Mesozoic, e.g. Ptychobairdia limbata Sheppard, 1981
from the French Bathonian and Alatanesidea pokornyi Colin and Lauverjat, 1978 from the Upper
Cretaceous of Portugal.

These Mesozoic taxa have been described quite recently, which demonstrates how any re-
solution of the differing interpretations of the origin(s) of Recent ornate bairdiids depends upon
the discovery of new information. This paper attempts to contribute to the process by describing a
new species of Triebelina (T. jellineki) and reviewing existing and new distribution data for T.
sertata Triebel, Havanardia havanensis Pokorny, and Pterobairdia maddocksae McKenzie and Keij.

SYSTEMATIC PART

Family BAIRDUDAE Sars, 1888
Genus TRIEBELINA Van den Bold, 1946

PLaTeE 1—LV = left valve, RV = right valve, C = carapace. If not stated otherwise, magnification about x 80.
Measurements (in brackets) = length of specimens in um.

Figs. 1-7. Triebelina sertata Triebel, 1948. Upper part of Maanshan Formation, Pleistocene; road-cut near
Tianshih, S. Taiwan (figs. 1-2 = sample no. 7832; fig. 3 = sample no. 7831). 1. RV (550), a) internal lateral,
b) muscle scars, x270.—Xe 12899; 2. RV (550), external lateral.—Xe 12899; 3. LV (590), external
lateral.—Xe 12898, (Sub-)Recent; beach at Hotel Palestine, Alexandria, Egypt; 4. RV (570), external
lateral.—Xe 12893; 5. LV (620), external lateral.—Xe 12894. (Sub-)Recent; beach at Hurghada, Red Sea;
6. LV (580), external lateral.—Xe 12897. (Sub-)Recent; Honoluly, off reefs at 100 m waterdepth; 7. LV
(570), external lateral.—Xe 12892.

Figs. 8-10. Triebelina jellineki sp. nov. (Sub-)Recent; Philippine Islands, Coral patches at northern beach of
San Fernando (figs. 8, 9) and beach at Paradise of Juan, San Fernando (fig. 10). 8. C (juvenile; 820),
external lateral—Xe 12888; 9. RV (1030), external lateral, x 64.—Xe 12887; 10. LV (1130), holotype,
external lateral, x64.—Xe 12890.

Fig. 11. Triebelina amicitiae Keij, 1974. (Sub-)Recent; Philippine Islands, Coral patches at northern beach of
San Fernando. C (900), right lateral.—Xe 12886.

Fig. 12. Triebelina raripila (G.W. Miiller, 1894). (Sub-)Recent; beach at Hotel Palestine, Alexandria, Egypt.
LV (660), external lateral.—Xe 12896,
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Type species.—Triebelina indopacifica Van den Bold, 1946.

TRIEBELINA SERTATA Triebel, 1948
(Pl 1, figs. 1-7)

Triebelina sertata Triebel. TEETER, 1975, p. 422, Text-fig. 31 [figures a single specimen‘fm'lnd in shallow
water coral sand]; HANAI ef al., 1980, p. 118 [summarising earlier references and distributional data
from Southeast Asia]; BONADUCE et al., 1980, p. 144, Pl 1, fig. 13; HARTMANN, 1984, p. 125, PL
4, figs. 6, 7. ) ] )

Triebelina rectangulata Hu, 1980, p. 84, Pl. 2, figs, 12, 18, 22, Text-fig. 3 [3 specimens which from their
lengths and very narrow duplicatures are juveniles of the A-1 stage].

Triebelina lata Hu, 1984, p. 72, P1. 9, figs. 1, 4, Text-fig. 3.

Material —Sub-Recent and Recent specimens (all without soft parts) from off Honolulu at
100 m waterdepth (leg. J. Resig); from Taiwan Strait, station numbers 6-C, 5-A, H-7, N-1 of
Huang (1983); from Kilifi beach, Kenya (coll. Th. Jellinek; see also ‘“Remarks”); from Hurghada
beach, Red Sea (coll. H. Malz); from Alexandria beach, Eastern Mediterranean (coll. H. Malz);
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Text-F1G. 1—Distribution of Recent ornate bairdiid species discussed in this paper(based on Keij, 1974, Text-fig. 1).
1. Tviebelina jellineki sp. nov.—2. Triebelina sertata Triebel.—3. Triebelina amicitiae K eij.—4. Triebelina raripila
(G.W. Miiller).—5. Havanardia havanensis Pokornj.—6. Glyptobairdia coronata (Brady).—7. Pterobairdia
maddocksae McKenzie and Keij.

PLATE 2—LV = left valve, RV = right valve. If not stated otherwise, magnification about X 80. Measurements
(in brackets) = length of specimens in um.

Figs. 1-2. Pterobairdia maddocksae McKenzie and Keij, 1977. (Sub-)Recent; off W. Coast of Sumatra, near
Padang, at 1°51’S/99°36'E, waterdepth 683 fathoms (Siboga Expedition). [A LV from the same locality was
figured by Van den Bold, 1974, P1. 1, fig. 12]. 1. LV (670), external lateral.—Xe 12874; 2. RV (640), dorsal.—
Xe 12874,

Figs. 3-7. Havanardia havanensis Pokorng, 1968. (Sub-)Recent; Mexico, Cozume} Island, base of Palancar Reef
at 30 m waterdepth (figs. 3-5,7) and of Paraiso Reef at 15 m waterdepth (fig. 6). 3. LV (850), external
lateral.—Xe 12881; 4. RV (900), internal lateral, but inclined dorsally to show full alar extension. Muscle
scars in lower half of valve partly hidden by ventral edge. —Xe 12881; 5. LV (830), dorsal.—Xe 12882; 6.
RV (860), dorsat.—Xe 12880; 7. LV (fragment), muscle scars slightly retouched, x400.—Xe 12881.

Figs. 8-9. Triebelina jellineki sp. nov. (Sub-)Recent; Philippine Islands, Coral patches at northern beach of
San Fernando. 8. LV (1050), external lateral, x 64.—Xe 12888; 9. LV (fragment, < 1050), muscle scars,

X 320.—Xe 12888,
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from Palancar reef at 30 m waterdepth, Mexico (coll. Th. Jellinek), from off Tortola, Virgin
Islands (leg. A. Lord). Pleistocene specimens from the upper part of the Maanshan Formation
and the Szekou Formation of S Taiwan, sample numbers 7831-7833, 7836, 7837 of Cheng (1981).

Distribution.—These new distributional data can be added to the species occurrence map given
by Keij (1974: Text-fig. 1); see Text-fig. 1 here. Within the wide circum-tropical distribution of the
species its occurrence in the Eastern Mediterranean is rather exceptional. As the species is known
fossil since the late Miocene (Keij, 1976: Text-fig. 1) it could prove to be a relict from the Tethyan
history of the Mediterranean, where it developed separately as a “lineal descendant of a once-
continuous population” (McKenzie, 1973 : 480).—In contrast to the wide distribution of T. sertata
is the restricted occurrence of T. raripila (Pl. 1, fig. 12), which is listed among “‘endemic-Mediter-
ranean species’” by Yassini (1979: 374). In our sample from Alexandria beach, Eastern Mediter-
ranean both T. sertata and T. raripila occur.

Remarks.—Three samples collected at Kilifi, Kenya (from beach and at 2 m and 26 m water-
depth respectively), were extremely rich in specimens of T. sertata. More than 50 specimens, adults
and juveniles, were measured giving the size range (in um.): males and females, 570-630, and for
various growth stages, A-1<520, A-2<470, A-3<430, and A-4<400. The faunal assemblages of
these samples are characterised by many species of Neonesidea, Paranesidea and Bairdoppilata,
each with large numbers of specimens. Furthermore, rare specimens of T. bradyi Triebel, 1948 and
a new species of Havanardia occur. As there is only one adult RV (among several juveniles and
fragments of adults) the description of the new species is postponed. Nonetheless, the occurrence
of Recent Havanardia on the East African shelf is of some interest, as the genus has been so far
recorded only from the Caribbean (Pokorny, 1968; Keij, 1976) and from off West Africa (Keij, 1973).

Annotation—The above mentioned Triebelina bradyi Triebel, 1948 also stands as the valid
specific replacement name for “Triebelina truncata (Brady, 1980)”, for which McKenzie (1986:

Pl 1, fig. 12) determined a lectotype recently.

TRIEBELINA JELLINEKI Sp. Nov.
(Pl 1, figs. 8-10; PL. 2, figs. 8-9)

Name.—In recognition of Thomas Jellinek (Oberursel) for his valuable sampling activities.

Holotype.—Left valve, P, 1, fig. 10; SMF Xe 12890.

Paratypes.—12 valves and carapaces including juvenile specimens; SMF Xe 12887-12889.

Type locality.—Beach sand at Paradise of Juan, near San Fernando, about 30 km S. of Vigan,
Philippine Islands (coll. Th. Jellinek).

Diagnosis.—Large Triebelina with very robust carapace, rounded sub-hexagonal in side view,
with peripheral dorso- and ventrolateral carinae in LV and sub-peripheral ventrolateral carina
angled to both ends in RV. Surface ornamented by rotund, densely set fossae.

Dimensions (length in gm.).—For lack of soft parts sexual dimorphism was not recognized, but

PLATE 3—LYV = left valve, RV = right valve, C = carapace. If not stated otherwise, magnification about x 80.
Measurements (in brackets) = length of specimens in um.

Figs. 1-3. Glyptobairdia coronata (Brady, 1870). (Sub-)Recent; Mexico, Cozumel Island, base of Paraiso Reef at
15 m waterdepth. 1. RV (770), internal lateral, with ‘“bairdoppilate structure” at anterodorsal slope.—Xe
12876. Recent; St. Barts, Lesser Antilles, bottom sample at 12 m waterdepth, S. Publico, near Gustavia,
[Specimens from the same locality were figured by van Morkhoven, 1958, Pl. 46, figs. 2-6]; 2. LV (770),
internal lateral.—Xe 12875; 3. C (780), right lateral (muscle scars are indicated just below short median
rib).—Xe 12875.

Figs. 4-6. Havanardia havanensis Pokorny, 1968. (Sub-)Recent; Mexico, Cozumel Island, base of Paraiso Reef
at 15 m waterdepth (figs. 4,6) and of Palancar Reef at 30 m waterdepth (fig. 5); 4. LV (860), external
lateral.—Xe 12879; 5. LV (juvenile A-1; 720), external lateral (showing weakly reticulate surface ornament
and smooth alar region).—Xe 12881; 6. RV (840), a) external lateral, b) and c) details of sculptured
surface composed of rotund fossae with papillate sola and surrounded by muri with widely distributed
openings of simple lateral pore canals, x 400, resp. x 1,600.—Xe 12879.
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presumably lies within the size range of the adult specimens, 1030-1130. Juvenile specimens of
three different growth stages are present measuring 820, 750, and 600.

Relationships.—This species is closely related to the group of rather large-sized Triebelina species,
especially to T. amicitiae Keij, 1974 occurring in the same material (PL. 1, fig. 11). T jellineki can
easily be distinguished from T. amicitiae by its peripheral dorso- and ventrolateral carinae bent to
both ends in the RV. T. jellineki is similar in lateral outline to the Lower Miocene Havanardia in-
dica Khosla, 1978 from W. India which, however, differs in its more inflated outline in dorsal view.

Distribution.—In addition to the type locality, the species was found on Recent coral patches
at the northern part of San Fernando beach, Philippine Islands. The association in which T. jelli-
neki occurs is dominated by numerous specimens of Paranesidea sp. This species closely resembles
P. fracticorallicola Maddocks, 1969 (originally described from Madagascar, but also recorded
from the Gulf of Agaba by Bonaduce et al., 1980 and from Heron Island, Australia by Hartmann,
1981), but may be distinguished from it by its higher arched dorsum. T. amicitiae (Pl. 1, fig. 11), a
species which is known so far from three localities below 400 m waterdepth in the South China Sea
(Keij, 1974: 351) also occurs in the same sample. Although in the Philippines sample the species
is documented by the figured carapace and some fragments only, it proves *“that the animal lives in
shallow reef environment”, as has been assumed earlier by Keij (1974: 352).

TRIEBELINA AMICITIAE Keij, 1974
(PL 1, fig. 11)
Triebelina amicitiae KEn, 1974, p. 351, Pl. 1, figs. 1-6.

Material —{Sub-)Recent material from beach sand at Paradise of Juan, near San Fernando,
Philippine Islands.

Remarks.—On the Philippine Islands the species occurs with T. jellineki sp. nov.—A further re-
cord of T. amicitiae is given by McKenzie and Pickett (1984: Text-fig. 3 F, Table 1) in late Pleistocene
deposits from Evans Head, New South Wales, Australia. The determination, however, can not
be confirmed as the figured specimen lacks the characteristic posterodorsal vertical ridge in the LV,
Therefore the record of the species is not plotted in Text-fig. 1.

TRIEBELINA RARIPILA (G.W. Miiller, 1894)
(Pl 1, fig. 12)

Triebelina raripila (G.W. Miiller). Ken, 1976, p. 42 [summarising earlier records of the species in the
Mediterranean and from the Upper Miocene of Turkey]; BONADUCE et al., 1976, p. 23, Pl. 6, figs.
11, 12 [refer to earlier records of the species along the Tunisian Coast and record rare occurrences
along the Apulia Coast].

Bairdia raripila G.W. Miiller. Yassini, 1979, p. 374, Pl. 1, fig. 6 [records the species from the Algerian
Coastl.

Material—(Sub-)Recent specimens from Alexandria beach; Egypt.

Distribution.—Recent occurrences of the species are widely distributed in the Mediterranean:
Limski Kanal (Uffenorde, 1972), Turkey (Doruk, 1974), Alexandria (this paper) and Algeria
(Yassini, 1971). Fossil record from Upper Miocene of Turkey (Doruk, 1974); the species appears
to be a direct descendant of T. boldi Key, 1955 of Aquitanian—Burdigalian age from France.

Remarks.—Occurs with T. sertata in Alexandria.

Genus GLYPTOBAIRDIA Stephenson, 1946
Type species.—Glyptobairdia bermudezi Stephenson. 1946 (= syn.: Bairdia coronata Brady, 1870).

GLYPTOBAIRDIA CORONATA (Brady, 1870)
(Pl. 3, figs. 1-3)
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Glyptobairdia coronata (Brady). VAN DEN Borp, 1974, p. 33 [summarising earlier references and dis-
tributional data}; Keu, 1976, p. 37, table 1 [stratigraphical range).

Triebelina coronata (Brady). Puri, 1974, p. 142, Pl. 6, figs. 3a,b.

Bairdoppilata (Glyptobairdia) cororata (Brady). TEETER, 1975, p. 421, Text-figs. 3h, 4f [figures specimens
occurring rarely on carbonate-platform biofacies], table 1 [distributional data); PALACIOS-FEST et
al., 1983, table 1, Pl. 1, fig. 5 [recording occurrence from the Gulf of Mexico to the Caribbean
Province, and figuring one RV from W. off Mujeres Island].

Material—(Sub-)Recent and Recent specimens (partly with bristles and soft parts) from off St.
Bartsat 12m waterdepth, Lesser Antilles (leg. Van Morkhoven); from off Tobago, West Indies (leg.
A.Lord); from Palancar reef at 30m and Paraiso reef at 15m waterdepth, Mexico (coll. Th. Jellinek).

Distribution.—Unknown outside the Caribbean region, to which it is obviously restricted.

Genus HAvANARDIA Pokorny, 1968

Type species.—Havanardia havanensis Pokorny, 1968.

Remarks.—The type species of the alate bairdiid genus Havanardia Pokorny, H. havanensis
was based originally on two right valves found in the ‘“‘sand filling of a big Strombus shell, collected
at a depth of approximately 20 meters at Rincon de Guanabo, Cuba’ (Pokorny, 1968). Since then
four more Recent species have been described from both sides of the Atlantic, three of which were
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Text-F1GS. 2, 3.—Havanardia havanensis Pokorny, 1968. (Sub-)Recent from Palancar reef, Cozumel Island, Mexico,
at 30 m waterdepth.—2. Dorsal view of various growth stages showing the increase of the fused part of the
alae in juvenile left valve (2a~c) from A-3 to A-1 stage and in adult left and right valve (2d). Since the juvenile
specimens are not ornamented in the alate region, pore canals can be seen in the fused alate part (in transmitted
light), but not so in the entirely ornamented adult specimens; X 80.—3. Adductor (10) and mandibular (2)
muscle-scar pattern of left valve (interior view); X400,
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recorded from off West Africa, i.e. from the inner shelf of Sierra Leone, Ghana, and western
Nigeria (Keij, 1973), and the fourth one was found in a seabottom sample at a waterdepth of 24
m about 30 km offshore NE Trinidad (Keij, 1976). A further record of the genus, from early
Pliocene deposits of Jamaica, is given by Keij (1976) and for Lower Miocene specimens from
Midway atoll drill holes by Holden (1976) and from Gujarat, India (Khosla. 1978).—Further
Recent finds of the type species were made by Palacios-Fest and Gio-Argaez (1979) in reef environ-
ments off Mujeres Island, Mexico. Sports activities of Dipl. Geol. Th. Jellinek at Palancar and
Paraiso reefs, Cozumel Island, Mexico, yielded rich ostracod faunas from 15-30 metres depth,
among which H. havanensis was also determined. Although soft parts were not preserved, the
specimens showed no sign of water transport, as the species’ associations contain various juvenile
stages and adults together. It can be concluded therefore that the reefal slope is the natural habitat
of the species.

HAVANARDIA HAVANENSIS Pokorny, 1968
(PL. 2, figs. 3-7, PL 3, figs. 4-6; Text-figs. 2-3)

Havanardia havanensis POKORNY, 1968, p. 61, Pl. 1, figs. 1-2, Text-figs. 1-3 [2 RV from off Habana,
Cuba]; PaLActos-Fest and Gfo-ARGAEZ, 1979, p. 25, Text-figs. 3a-d [recording 55 specimens from
three stations off Mujeres Island, Mexico and illustrating four valves in different views]; PALACIOS-
Fest et al., 1983, table 1, Pl. 1, fig. 6 [referring to the occurrence in a transitional zone between the
faunal provinces of the Gulf of Mexico and the Caribbean, and refiguring one LV (= 1979, Text-
fig. 3b) from a station W. of Mujeres Island].

Material —10 RV, 3 LV, 15 juvenile specimens and some fragments from bottom sample at
Palancar reef at 30 m waterdepth, Cozumel Island, Mexico (coll. Th. Jellinek); 1 LV, 2 RV from
bottom sample at Paraiso reef at 15 m waterdepth, Cozumel Island, Mexico (coll. Th. Jellinek).

Dimensions (length in mm).—The size of the specimens that prove adult by their fully developed
duplicature ranges from 0.80 to 0.93 including presumably males and females. The size of juvenile
specimens points to various growth stages, e.g. A-1<0.74, A-2<0.67, A-3<0.60, and ?2A-5<0.48
(see also Text-fig. 2). )

Remarks.—In the recently obtained material from off Cozumel Island the excellently preserved
specimens clearly show that the fused part of the alar protrusion becomes wider with every growth
stage (Text-fig. 2). In juvenile specimens the alae are smooth (Pl. 3, fig. 5), whereas in adult
specimens the alae are ornamented (Pl. 2, figs. 3-5).

Distribution.—The species appears to be restricted to the Caribbean region. The faunal associa-
tion in which the species occurs in the two samples from off Cozumel Island is dominated by a
great number of bairdiids (Paranesidea sp. and Neonesidea sp.), whereas less frequent species are
referred to Caudites, Radimella, Orionina, Protocytheretta, Paracytheridea, Loxoconcha, and Xesto-
leberis. Glyptobairdia coronata (Pl. 3, fig. 1), Triebelina sertata, and Havanardia sohni occur but
rarely to very rarely.

Genus PTEROBAIRDIA McKenzie and Keij, 1977
Type species.—Pterobairdia maddocksae McKenzie and Keij, 1977

PTEROBAIRDIA MADDOCKSAE McKenzie and Keij 1977
Pl 2, figs. 1-2
Bairdiidae, nov. gen., n. sp. VAN DEN Borp, 1974, p. 32, Pl. 1, fig. 12 [locality as for the herein figured
specimens, e.g. Pl. 2, figs. 1-2].
Alate species of Bairdia from the Recent of Australia. BENsoN, 1974, p. 56, Pl. 1, fig. 11.
Pterobairdia maddocksae McKenzie and Keu, 1977, p. 370, P, 1, figs. 1-3, Text-figs. 3, 4.
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Material.—1 LV, 1 RV from off W. coast of Sumatra, near Padang, at about 1,250 m water-
depth.

Remarks.—The type material from Onotoa, as well as that from the Flores Sea (McKenzie and
Keij, 1977: Pl 1, figs. 1-3), shows dense pitting of the valve surface, whereas the Sumatran
specimens look rather smooth except for the pustulose ala. Certainly these specimens suffered from
transport, as was concluded by McKenzie and Keij (1977: 369, “downslope transport from the
shallow reefs is obvious’’).—A second recently described species, Pt. briggsae McKenzie, 1986
from two localities in the SW Pacific, i.e. at 34 m waterdepth at Ontong-Java lagoon and at
405 m waterdepth in the Kula Gulf (both localities W. of Solomon Islands), differs in several
shell ornamentation features, in the width of the carapace, and in the amount of overlap.
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DISCUSSION

Maddocks: I have soft parts of a species of Havanardia in cave faunas of Bermuda, which will
be published in Stygologia later this year. It is not a very alate species, and the soft parts are not
very distinctive. There is also a species that is morphologically intermediate between Havanardia
and Neonesidea, which will be classified in a new genus Aponesidea.

McKenzie: Would Dr. Hazel like to comment on the status of his and Holden’s Eocene Havanar-
dia from Tonga? The opinion would be useful in view of the authors’ new record of Havanardia
from the Indo-Pacific, because the Hazel/Holden taxon could be considered as a possible progeni-
tor for the Havanardia group.

Whatley : For information Rosemary Titterton and I have a new species of Pterobairdia from the
Recent of the Solomon Islands which we will publish soon. Also, we have new distributional records
from Indonesia of many of the Triebelina species.



The Bairdia Dynasty Review-Activities-Aspects

HEeINz MALZ
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Dynasties are created by men, and they are represented
by mighty men.

By definition a dynasty is the reigning family, and “‘hal-
lowed be thy name, thy kingdom come™.

Dynasties are known from many parts of the world,
from China as well as from Egypt. For instance, Rameses
II. was one of the most famous representatives of the 19th
dynasty during the New Kingdom in Egypt. He, during
the 66 years of his reign, was not only famous for his many
victories, but was also successful within his family, counting
198 children of his own: 106 girls and 92 boys. This brings
me—to what I have entitled > The Bairdia Dynasty <,
an epic in seven pictures.

PAUHY Wi

REVIEW (Text-fig.1)
Ostracods, as you know, have many things in common
with men: They grow, they feed, they breed and they
develop dynasties. And that is where our story starts:
Although “long, long ago” applies to the beginning
of fairy tales, it once happened in the early days of
TeXT-FIG. 1—The homeland of the ostracod science that McCoy found a somewhat drop-
Bairdia dynasty. shaped specimen in the Carboniferous of Ireland. In
describing the specimen (1844) he referred to a cartouche on it that was not known at that time.
Cartouches on other specimens had been deciphered already before as “Cypris” and “Cythere”,
but the new cartouche was difficult to read. By hard comparative work he at last found out
that the cartouche must read “Bairdia” the name of which refers to one of McCoy’s famous
British colleagues at that time. McCoy was not aware of the importance of his discovery then,
for it often happens that great discoveries are evaluated much later. Presumably the Bairdia
cartouche would even range among many others that are applied nowadays to short ranging units
in the ostracod history or that are rejected for lack of information (as happened to the Nesidea
cartouche dated by Costa (1846) on a badly illustrated specimen).
One lifespan after McCoy had found the Bairdia cartouche, the famous Norwegian G.O. Sars
(1887) first fully recognized the importance of it. From now on the name Bairdia was no longer
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standing for a single genus, but for a whole dynasty: The Bairdiidae or (if you like) the Bairdiacea
(which really do not have anything in common with any plants, as may be suggested by the mislead-
ing ending.)

THE REINS OF Bairdia (Text-fig. 2)

Nowadays, one hundred years later, the dynasty can be confirmed, for it is evidenced by many
representatives from almost everywhere and from almost any geological time unit. In restricting the
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TexT-FIG. 2—Everzoic breeding of the dynasty by the reins
of Bairdia.

dynasty’s distribution by the word “‘almost™, I want to point out that there are still some gaps
remaining to be filled by future research, but these aspects will be elucidated later on. Anyhow,
you can see that the Godess Isis passes life to the Bairdia pharaoh for ever: “Hallowed be thy
name”.

ASSORTED CLANSMEN (Text-fig. 3)

In order to underpin and to improve the wide geographical and geological distribution of the
dynasty, some of the prefixed and otherwise named Bairdias are briefly demonstrated by their
outline. I willingly agree that, in the picture, the number of rather arbitrarily composed clansmen
does not by far approach the number of the above mentioned Rameses’ children. However, this
selection stands as a pars pro toto, for one page is not sufficient to catch all the related clansmen.
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TexT-FIG. 3—Assorted representatives of the dynasty.

GLORY OF Bairdia (Text-fig. 4)

Although the dynasty achieved worldwide recognition, Bairdia itself remains nebulous.—Just as
nebulous as Nesidea. Nesidea (Costa, 1846) that emerged as a competing Recent sprout beside Bair-
dia, is replaced now by the well-known Neonesidea (Maddocks, 1969). But, although Neonesidea
plays trumps, Bairdia has still got the joker, for the glory of god Amun (or is it Aton?) is spreading
its beams everywhere. Others beside and besides Bairdia are blinded. Thus, it may happen that a
Recent ostracod belongs to Neonesidea, but by the help of Amun the Palaeozoic Bairdia is favoured
for the determination. And therefore, by the help of nomenclature and taxonomy, living fossils are
created. They keep everything running, and without systematics the whole system would become
chaotic.

QUATERNARY EVENTS (Text-fig. 5; lower part)

A hard match, or nearly a fight, came up between Triebelina and Glyptobairdia in the late for-
ties. Their rivalry started in 1946 and it still goes on. Interim results of this match (Text-fig. 6) are
given here. Since the result comes out to fifty to fifty, bets can be arranged for the next round.
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TEXT-FIG. 5 - Quaternary events.
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Triebelina/Glyptobairdia MATCH (Text-fig. 5; upper part)

The match is over-shadowed by two more events. While the two are still competing, there are
two related cartouches that claim for predominant reputation. Both these cartouches very much
resemble Indian totem poles ornamented by birds’ feathers, perhaps alluding to their Texan origin.
The one is Bairdoppilata which, by its toothed hinge, tries to catch Glyptobairdia. The other is
Paranesidea. Since its cartouche was found rather recently, it will not do any harm to Triebelina.

Results of Match
TEAMS: Glyptobairdia : Triebelina
LEADERS: STEPHENSON, 1946 v.d. BOLD, 1946
(TRIEBEL, 1948)
(KEY, 1954)

) (v. MORKHOVEN, 1958)
(POKORNY, 1958)

(OSNOVY, 1960)
(KOLLMANN, 1960)

(TREATISE, 1961)
(v. MORKHOVEN, 1963)

(BOLZ, 1971)

(MADDOCKS, 1969)

(KEIJ, 1973)
(KELlJ, 1974)
(v.d. BOLD, 1974)
(PURI, 1974)

? (HARTMANN, 1975)

(HARTMANN and PURI, 1974)

(KEIJ, 1976)
(McKENZIE and KEIJ, 1977)

VONJAANMBWLWWNNN==OOO
VOVOONNNINANNARWWN =

drawn
will be continued by prolongation (ISOP) in Japan 1985
(MALZ and LORD, 1985) 10 : 9

SEPARATIST EFFORTS

Since the early sixties of our century a rush on bairdiid cartouches can be noticed, mainly on
Upper Triassic/Lower Jurassic ones. To demonstrate their relationship with the dynasty, most of
them were prefixed by a characteristic feature (see also Text-fig. 3). This legion was then divided
into 8 separate clans*, perhaps in order to find out different phylogenetic lineages, but the relation-
ship was so close that separatist clanogene efforts shrunk by half.

ASPECTS (Text-fig. 6)

Researches on the dynasty continue and as has been stated before, many gaps remain to be

* Clans (= subfamilies) in alphabetical order; Alanellinae, Bairdiinae, Bairdoppilatinae, Bythocypridinae, Carino-
bairdiinae, Nodobairdiinae, Pussellinae, and Triebelininae.
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TexT-FIG. 6—Aspects for future research on speculative mem-
bers of the Bairdia dynasty.

filled. Since we know two types of Recent winged Bairdias, we can conclude that the dynasty is on
its best way to conquer a new biotope, the air (or even space). One of these winged forms which
bears the Havanardia cartouche represents a more old-fashioned trial meant for gliding, The sub-
marine coral platforms where it occurs can be suggested as ideal landing plains for strategical pur-
poses. As we do not know anything about palaeo-strategy, this perhaps will be a future field of
research. Pterobairdia which is the other winged cartouche represents the form of a modern
streamline jet. The circumstances in which it was found in deeper water off Sumatra were explained
(McKenzie and Keij, 1976) by post-mortem water transport, but why not consider it as a normal
crash-down?

These aspects of new biotopes for Bairdias lead me to three more speculative cartouches: (1)
Ophthalmobairdia (for only blind specimens are known up to now), (2) Inversobairdia (taking into
account that reversal of overlap might be caused by the Corriolis effect), and (3) Fluviobairdia
(which has certainly been misidentified as a freshwater Candona). Last, but not least, there is a
chance for Sinobairdia which is waiting for identification from the endemic Bohai deposits.



Some Problems Associated with
the Genus Uroleberis
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ABSTRACT

The present interpretation of the genus Uroleberis is assessed and its stratigraphical distribu-
tion examined. S.E.M. stereographic paired photographs are given of some well known species
including type specimens of seven species.

INTRODUCTION

During work on the Indian Tertiary faunas the authors became interested in the genus Urole-
beris from the point of view of its stratigraphic potential as an age marker. The genus is widespread
in the Palacocene and Eocene faunas of the Indian sub-continent and the Middle East and is re-
corded as far afield as the Caribbean and Australia in rocks ranging in age from the late Cretaceous
to Recent. Essentially a benthic shallow-water form, at least thirty species have been referred to
the genus and a considerable number have also been recorded in the literature under open nomen-
clature. It quickly became apparent that what was conceived as a study of stratigraphical potential
was overshadowed by the taxonomic problems involved. A thoroughgoing study and revision
of this group of species is needed and the following contribution must be looked on merely as an
interim report. Below we attempt to outline the problems and figure some of the well established
species with SEM photographs. We are particularly indebted to Dr. O. Ducasse (France), Mr.
R. Hodgkinson (Palaeontology) and Dr. G. Vauxhall and Miss Sheila Halsey (Zoology) of the
B.M.N.H., London who kindly made available material from their collections.

Taxonomy

The xestoleberid genus Uroleberis was established by Triebel in 1958 based on the Eocene
Eocytheropteron parnensis Apostolescu, 1955 from the Lutetian of Parnes (Oise) in the Paris Basin
as the type species. Triebel’s principal figured material, also from the Lutetian of the Paris Basin,
came from Liancourt-St-Pierre about 10 kilometres E.N.E. of Parnes, and from Grignon some
38 kilometres to the E.S.E. The particular characteristics of the genus are the development of a
marked accommodation groove in the left valve and a small posterior caudal process coupled with
a rather characteristic shape. As noted above, at least thirty species have been assigned to this
genus as well as many left under open nomenclature. These range from Upper Cretaceous to Re-
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cent in age. The distribution of these, as known in the mid-seventies, has been ably covered by
McKenzie (1977). This group of species shows a considerable range of variation from the type and
covers forms such as the smooth Cretaceous species with rather poorly developed caudal process
on the one hand to the strongly pitted Eocene and Recent forms of very characteristic shape such
as U. stagnosa on the other. From this it appeared that some sub-division of the group might be
possible.

At the same time, as knowledge of the Xestoleberididae has grown, a number of other genera
and subgenera such as Koilocythere Deltel, 1963, Ornatoleberis Keij, 1975, Pannonleberis Krstic,
1974, Pontoleberis Krstic and Stancheva, 1967 and Semixestoleberis Hartmann, 1962 have been
proposed over the last thirty years. None of these, except Ornatoleberis, is relevant to the present
study. However, in 1980, Malz split the group and established Foveoloberis with Brady’s Xestole-
beris foveolata (P1. 1, fig. 1; PL. 2, fig. 4) as the type species (lectotype selected and figured by Puri
and Hulings, 1976). This was to accommodate the latter and other species with a similar accom-
modation groove and shape to Uroleberis but characterised by a crenulate median hinge element.
The two species figured by Malz (1980) also differ from the type species of Uroleberis in their strong
pitting (foveolation). However, this latter feature need not necessarily be linked to a crenulate me-
dian hinge element. Originally in U. angurium (Pl. 2, fig. 8) and U. stagnosa (Pl. 1, figs. 12, 16;
Pl 2, fig. 3) Al-Furaih (1980) the median hinge element was described as smooth, This separated
them from the co-eval U. vulsa Al-Furaih (1980) (PL. 2, figs. 2, 5, 9) with its crenulate median ele-
ment. The separation seemed artificial even though U. vulsa has a pustulose rather than a pitted
ornament.

More recently Al-Furaih (1984) has returned to this group and has described them all as having
a crenulate median bar, has transferred them to Foveoleberis and has added two more species from
the Maastrichtian of Saudi Arabia, namely F. ovata and F. trapezium. F. ovata has a crenulate bar
according to Al-Furaih (op. cit.) and fits well into the group with U. angurium, U. stagnosa and
U. vulsa. F. trapezium is smooth, the nature of the hinge is unknown and it fits better with the
U. parnensis group. The opposite situation is seen in the case of some smooth forms such as Urole-
beris batei Neale, 1975 from the Santonian of W. Australia which was described as having a locel-
late hinge bar. On the other hand U. batei lacks a caudal process although this situation is also
apparent in a number of European species usually placed in Uroleberis. This leads us to conclude
that while the nature of the median element may be used to split the group of species hitherto
assigned to Uroleberis, it is often difficult to determine, is not linked to ornamentation (foveola-
tion) and may apparently separate what appear to be closely similar species and place them in

PLATE 1—Stereoscopic paired photographs.

Fig. 1. Foveoleberis foveolata (Brady, 1880). Lectotype, BMNH 80.38.141. Right Valve, external view, Chal-
lenger Station 38.141 D8 off Booby Island. x65.

Figs. 2,6. U. striatopunctata Ducasse, 1967. Univ. Bordeaux CO 2574. Carapace, Middle Eocene, Forage de
Bassens, 83-91 m, France. 2. from right; 6. dorsal view. X 68.

Figs. 3,7. U. globosa Ducasse, 1967. Univ. Bordeaux CO 2572. Carapace, Middle Eocene, Blaye, France.
3. from right; 7. dorsal view. Xx68.

Figs. 4,8. U. subtrapezida Ducasse, 1967. Univ. Bordeaux CO 2570. Right Valve, Middle Upper Eocene, Vil-
leneuve de Blaye: Bois de Barbe, France. 4. external lateral view; 8. dorsal view. x63.

Fig. 5. U. procera (Deltel 1962). Univ. Bordeaux CO 2571. Right Valve external view, Stampian, Middle Oligo-
cene, Tercis: Lesperon, France. % 50.

Figs. 9,13. U. kymus Ahmad MS. Holotype, BMNH OS 8189. Female carapace, FRCM 2033, Upper Eocene,
Lindi Creek East Shore, Tanzania. 9. from right; 13. dorsal view. Xx69.

Figs. 10,14. U. armeniacum Neale and Singh, 1985. Middle Eocene, Assam. 10. Holotype, IPE/HO02/03/912.
Male carapace from right; 14. Female carapace, IPE/B02/03/914, dorsal view. x83.

Figs. 11,15. U. ranikotiana (Latham 1938). Holotype, BMNH In. 37122. Carapace, Palaeocene Pakistan.
11. from right; 15. dorsal view. X52.

Figs. 12,16. U. stagnosa Al-Furaih, 1980. Holotype, BMNH Io. 5379, Female right valve, Lower Palaeocene,
El-Alat W-1, 2044-2049 feet below surface, Saudi Arabia. 12. external lateral view; 16. dorsal view. X 58.
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separate genera. There are three other disadvantages in the use of this criterion. Firstly, fossil
Uroleberis most often turn up as closed carapaces and in consequence the nature of the median
hinge element has not been ascertained in most species. However, it must be emphasised that if
such a difference is considered to be of fundamental importance, difficulty of observation is no
reason for not using it, although it can make taxonomic assignment very difficult. Secondly, the
fact that the crenulation of the median hinge element is susceptible to erosion and post-depositional
alteration is also a problem. In fossil forms this gives rise to considerable difficulty in anything but
perfectly preserved material. Thirdly, and equally important, much depends on the mode of exami-
nation. Under optical microscopical examination a judgment may be made which becomes much
more controversial with S.E.M. examination (Pl. 2, figs. 1-4). The Recent, well-preserved Foveole-
beris foveolata (Brady) has a median element with well marked vertical striation although the posi-
tive and negative elements are not equally developed, the former being dominant (Pl. 2, fig. 4).
This situation is seen less clearly and to varying degrees in the other examples figured. The median
element in U. subtrapezida Ducasse (Pl. 2, fig. 1) has a fairly clear development of vertical striations
with the positive and negative elements more comparable with each other than in F. foveolata.
The same is true in U. vulsa Al-Furaih (Pl. 2, fig. 2). In U. stagnosa Al-Furaih (Pl. 2, fig. 3) the
median hinge appears much smoother although it is possible to detect some vertical striation and
particularly in stereoscopic view. It seems clear that this should be regarded as having a ‘“‘crenu-
late” hinge. Under optical microscopic examination there is no doubt that the latter would be
regarded as smooth as was the case in the original description. In the opposite valve (Left Valve)
of U. stagnosa the median bar appears smooth even under S.E.M. examination and this appears to
be a case where preservation and post-mortem history confuses the issue. For this reason it seems
unwise to attach too much importance to whether the median hinge is crenulate or not. It is fair to
say that under the optical microscope U. batei Neale appears to be crenulate. Under the S.E.M.
it is very difficult to say whether this is the natural state or due to post-depositional history.

On the other hand, in its conception Malz’s taxon does seem to encompass a closely related
group of species. It would be useful to retain it and for this purpose one may consider the factors of
shape and ornamentation. On this basis Al-Furaih’s U. angurium, A. stagnosa and U. vulsa may be
linked with Malz’s F. ymchengi and others into a species group centred on F. foveolata. The group
shows considerable variation in development of ornamentation and eye tubercle. Nevertheless,
there are other forms, such as U. oculata Al-Furaih and U. teiskotensis, in which the carapace tapers
posteriorly in side view and which are best accommodated in another species group which is not
necessarily closely related to Uroleberis s.s.

It will be obvious that the common feature in the whole plexus is the well-developed accommo-
dation groove in the left valve. The xestoleberid spot is important in confirming the wider relation-
ship but is almost never seen in fossil material. Other features such as the nature of the median
hinge element are difficult to verify and unknown in most fossil species and ornamentation, develop-
ment of caudal process and eye tubercle show great variation. It is possible either to lump all the
species together into Uroleberis, or to set up almost one genus per species which would obscure
relationships and be self-defeating. Here we attempt to steer a middle course and to link species
together into species groups which have some features in common. Because of the large number of
poorly known species this must be regarded as provisional and we make no attempt to name them
formally. To emphasise their inter-relationships it may be useful eventually to regard them as
subgeneric groups of Uroleberis s.1. Because of the difficulties inherent in this group due to the
number of poorly known taxa, we have used the name Uroleberis throughout, with the sole excep-
tion of the type species of Foveoleberis foveolata, and make some suggestions about species groups
immediately after the following section before looking at their stratigraphical distribution.
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Problematical forms

Some species which have been placed in Uroleberis in the past do not seem to belong there.
In many cases it is difficult to be certain but U. procerulus Selensjova from the Campanian and
Lower Maastrichtian of the Donbas does not appear to be a Uroleberis as far as it is possible to tell
from her figures. Cythere bimamillata Brady, 1886, questionably referred to Uroleberis by Gramann
(1975) who gave an excellent figure of a specimen from the Arakan Coast of Burma became the
type species of the new genus Ornatoleberis Keij, 1975 being renamed O. morkhoveni because of pro-
blems of homonymy. Among other species which need re-investigation are U. reticulata Guha and
Shukla, 1973 from the Lower Eocene of Tamilnadu and U. oculata Al-Furaih, 1980 from the Palaeo-
cene of Saudi Arabia. Both these species have been compared with U. teiskotensis Apostolescu, 1961
from the Palaeocene of the Sudan. Unlike Apostolescu’s other Sudan species U. glabella which is
a good Uroleberis, U. teiskotensis is not typical and together with the two aforementioned species
is best separated as a fourth species group which may be not closely related to Uroleberis. If further
work sustains the idea that they are closely related the group can then be given formal taxonomic
status. They are not considered further here. The forms figured as Uroleberis? from the Palacocene
of Greenland (Szczechura, 1971) and the Plio-Pleistocene of Vietnam (Herrig, 1978) were rightly
treated with caution by those authors and belong elsewhere.

There are also a number of unfigured records which are of considerable interest but about
which it is not possible to say anything meaningful. These include those of Uroleberis in the Eocene
and Pliocene of China by Hou You-tang (1979) and those of Cirac and Peypouquet (1983) in Plei-
stocene cores in the Mediterranean near the Straits of Gibraltar.

American forms which range from the Lower Eocene of Guatemala and Belize to the Pleistocene
of Jamaica are mainly Miocene and later and have proved difficult to assess since in the time availa-
ble it has not been possible to examine any of the specimens. The same is true of Ye Chun Hui’s
species from Tibet.

The various taxa may be organised into a number of possible species groups.

Group I: Early, probably polyphyletic, species with reduced caudal process.

U. batei Neale, 1975. Santonian, W. Australia
U. marssoni (Bonnema, 1941). Maastrichtian, N. Europe
U. supplanata (Veen, 1936). Maastrichtian, N. Europe

Group II: Smooth forms with a typical caudal process. “Uroleberis’.

U. chamberlaini Sohn, 1970. Early Eocene, Pakistan

U. glabella Apostolescu, 1961. Palaeocene, Sudan

U. gopurapuramensis Guha and Shukla, 1973. Lower Eocene Virdachalam, Tamilnadu, South
India.

U. kutchensis Guha, 1968. Middle Eocene, Kutch

U. nuda Ducasse, 1967. Middle Eocene, France

U. parnensis (Apostolescu, 1955). Eocene, Paris Basin

U. ranikotiana (Latham, 1938). Palacocene, Pakistan.

U. shoragburensis (Bubikyan, 1958). Oligocene

U. trapezium (Al-Furaih, 1984). Maastrichtian, Saudi Arabia

Group III: Highly pitted and foveolate forms. Ornamentation and development of eye tubercle
variable. ‘‘Foveoleberis”.
U. angurium Al-Furaih, 1980. Palacocene, Saudi Arabia

U. armeniacum Neale and Singh, 1985. Middle Eocene, Assam
F. foveolata (Brady, 1880). Recent, Booby Island, N. of Australia
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U. globosa Ducasse, 1967. Eocene, France and Spain

U. kynus Ahmad, MS. Upper Eocene, Tanzania

U. ovata (Al-Furaih, 1984). Maastrichtian, Saudi Arabia

U. procera Deltel, 1963. Stampian, M. Oligocene, France

U. pseudodemokrace Hu, 1982. Pleistocene, Taiwan

U. stagnosa Al-Furaih, 1980. Maastrichtian-Palaeocene, Saudi Arabia

U. striatopunctata Ducasse, 1967. Eocene, Aquitaine, France

U. subtrapezida Ducasse, 1967. Middle and Upper Eocene, Aquitaine, France
* U. vulsa Al-Furaih, 1980, Maastrichtian-Palacocene, Saudi Arabia

U. ymchengi Malz, 1980. Pliocene/Pleistocene, S.W. Taiwan

* Perhaps better placed in Group V.

Group IV: Foveolate-reticulate species with or without eye tubercle. Probably polyphyletic.
Tend to taper posteriorly in side view. Not necessarily closely related to Uroleberis.
U. oculata Al-Furaih, 1980. Palaeocene, Saudi Arabia

U. reticulata Guha and Shukla, 1973. Eocene, South India
* U. teiskotensis Apostolescu, 1961. Palaeocene, Sudan

* 7 Related to U. subtrapezida Ducasse, 1967 (Group I11)?

Group V: Heavy valves, almost vertical posterior margin, tendency to pustulose ornamentation.
Ornatoleberis Group.

O. morkhoveni Keij, 1975 (= Cythere bimamillatum Brady, 1886). Recent, Sri Lanka, Burma
0. pustulatus Keij, 1975. Recent, South China Sea

Stratigraphical Distribution

The Cretaceous

Uroleberis first makes its appearence in the middle part of the Upper Cretaceous and is recorded
in the Santonian and possibly Coniacian of Iran (Grosdidier, 1973) and the Santonian of Australia
(Neale, 1975). Later in the European Maastrichtian a number of species occur and have been record-
ed in the works of Veen (1936), Bonnema (1941), Deroo (1966), Herrig (1966) and Szczechura (1965)
ranging from Holland through the Island of Rugen to Poland.

The first records of Group III occur in the Upper Maastrichtian of Saudi Arabia (Al-Furaih,
1980) and this area and the adjacent part of the Indian sub-continent appears to have been the main
centre of development and dispersal for the genus.

Species group I is only found in the Cretaceous and represents the early diversification of the
Xestoleberis stock. U. batei Neale, 1975 (PL. 2, fig. 12) from the Australian Santonian and U. suppla-
nata (Veen, 1936) from the Maastrichtian of north-west Europe both lack a prominent caudal
process but appear to have a crenulate bar in the LV hinge. Even so, Herrig (1966), who has

PLaTE 2—Figs. 1-4. Hinge in right valve. 1. U. subtrapezida Ducasse, 1967. Univ. Bordeaux CO 2570. x425; 2.
U. vulsa Al-Furaih, 1980. Holotype, BMNH Io. 5382. x425; 3. U. stagnosa Al-Furaih, 1980. Holotype,
BMNH Jo. 5379. x500; 4. F. foveolata (Brady, 1880). Lectotype, BMNH 80.38.141. x425.

Figs. 5-12. Stereoscopic paired photographs.

Figs. 5,9. U. vulsa Al-Furaih, 1980. Holotype, BMNH Io. 5382, Female right valve, Lower Palaeocene, Abqaiq
W-69, 1780-1790 feet below surface, Saudi Arabia. 5. external lateral view; 9. dorsal view. Xx58.

Figs. 6,10. U. oculata Al-Furaih, 1980. Holotype, BMNH Io. 5375, Female carapace, Middle Palaeocene, El-
Alat W-1, 1395-1397 feet below surface, Saudi Arabia. 6. from right; 10. dorsal view. x68.

Figs. 7,11. “U.”" nuda Ducasse, 1967. Univ. Bordeaux CO 2573. Carapace, Middle Eocene, Forage de Moulon:
156 m. 7. from right; 11. dorsal view. X55.

Fig. 8. U. angurium Al-Furaih, 1980. Holotype, BMNH Io. 5372. Male right valve, Lower Palaeocene, Abgaiq
W-69, 1870-1880 feet below surface, Saudi Arabia. External lateral view. Xx73.

Fig. 12. U. batei Neale, 1975. Holotype, HU. 62.C.21. Female right valve, Santonian, Gingin, Western
Australia. External lateral view. x108.
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published good figures of the latter remarks that it is ““‘undeutlich gekerbte’ while new SEM stereo-
photographs of U. batei are not entirely convincing. These two species appear to be more closely
related to each other than to U. marssoni (also Maastrichtian north-west Europe) which has a fairly
typical caudal process for the genus and a smooth median hinge element but appears to lack a
prominent accommodation groove in the left valve. At the same time, typical members of pitted
Group III appear in the Maastrichtian of Saudi Arabia such as U. ovata (Al-Furaih, 1984) and
U. stagnosa Al-Furaih, 1980 (Pl. 1, figs. 12, 16; Pl. 2, fig. 3).

U. vulsa Al-Furaih, 1980 (Pl. 2, figs. 2, 5, 9) which is also placed here for the time being could
equally well be placed in Group V on the basis of its heavy ornamentation, thick shell and steep
posterior margin. The last two species continue into the Palaeocene. Al-Furaih (1984) is now of the
opinion that U. stagnosa has a crenulate median hinge element but recent SEM photographs of the
type figured here have not been able to resolve this satisfactorily because whilst there is no clear
cut crenulation of the median hinge there is always the possibility that this may simply be a reflec-
tion of diagenesis, recrystallisation or other preservational phenomena. Grosdidier (1973) has
figured two specimens from Iran as “‘Uroleberis”’. These are difficult to interpet but his “Uroleberis”’
IR 08 (Pl. 4, fig. 30a—c) is a typical member of the group which comes from the Santonian. From the
figures it appears to be finely pitted and so should perhaps be placed in Group II but to some extent
this merely emphasises the artificial nature of the divisions. It represents the earliest occurrence of
either Group II or Group III. Grosdidier’s other specimen ‘‘Uroleberis” IR E14 (Pl. 4, fig. 32a-d)
is even more difficult to interpret but should its assignment to the genus be upheld and its age
(given as ?Coniacien) be confirmed this would make it the earliest known form.

The smooth U. trapezium (Al-Furaih, 1984) from Saudi Arabia is placed here in Group II and
its hinge structure is unknown.

The Palaeocene

By Palaeocene times typical Group III forms such as U. stagnosa are well established. U.
angurium, where ornamentation varies from smooth to pitted, is also tentatively assigned to Group
III. U. vulsa also continues up from the Maastrichtian and as noted above could well be placed
in Group V.

A widening of distribution occurs with the appearance in Pakistan of U. ranikotiana (Latham,
1938) (PL. 1, figs. 11, 15) which is difficult to assign to a group. Latham’s original figure shows quite
coarse pitting but S.E.M. photographs of the holotype (P1.1, figs. 11, 15) suggest that it is smooth or
at most finely pitted. Notwithstanding the pustules on the posterior part of the shell and its infilling,
which are interpreted provisionally as a post-mortem phenomenon, it is put in Group II. Smooth
Group II forms are also represented by U. glabella of unknown hinge structure from the Sudan
(Apostolescu, 1961) and Libya (Barsotti, 1963). This group is also represented in West Africa where
the Nigerian U. aff. U. glabella of Reyment (1981) is very close to U. ranikotiana. Some species
hitherto placed in Uroleberis are not typical in shape and are here placed in Group IV. These
include U. teiskotensis Apostolescu, 1961 from Sudan and Libya (Barsotti, 1963) although this
bears a considerable resemblance to the Eocene U. subtrapezida Ducasse 1967 which is somewhat
tentatively placed in Group III. U. oculata Al-Furaih, 1980 from Saudi Arabia and the later
Eocene U. reticulata Guha and Shukla, 1973 from South India are also placed in Group IV.

The Eocene

Together with the Palaeocene, the Eocene shows the maximum development of Uroleberis
which is particularly widely recorded in the Indian sub-continent. In the Lower Eocene U. chamber-
laini Sohn from Pakistan and U. gopurapuramensis Guha and Shukla from S. India are both Group



Genus Uroleberis 89

I species. U. reticulata Guha and Shukla, also from S. India, is placed in the problematical Group
Iv.

In the Middle Eocene U. armeniacum Neale and Singh (Pl. 1, figs. 10, 14) occurs in Assam
(Group III) and U. kutchensis Guha in Kutch. The punctation described in the latter appears to be
extremely fine and Guha’s figure (Pl 1, figs. 1, 4, 8) shows such a close resemblance to the
typical smooth Uroleberis that it is put in Group II. Khosla (1968) figured as Uroleberis sp. what
appears to be a typical Group II Uroleberis from the Eocene Kirthar Beds of Rajasthan.

Further afield Ahmad (1977 MS) described U. kymus from the Upper Eocene of Tanzania and
Salahi (1966) has described typical Group II (Uroleberis n. sp. 1) and Group III (Uroleberis n.
sp. 2) from the Lower and Upper Eocene respectively of Libya. The latter is very similar to U.
striatopunctata Ducasse, 1967 from the Eocene of France.

In Western Europe, the Eocene (Lutetian) of the Paris Basin provides the type species U. parnen-
sis (Apostolescu, 1955) of Group II. Group III are well represented in France by U. striatopunctata
Ducasse (Pl. 1, figs. 2, 6) and U. globosa Ducasse (Pl. 1, figs. 3, 7) both mainly Middle Eocene.
U. subtrapezida Ducasse (Pl. 1, figs. 4, 8; Pl 2, fig. 1), commonest in the Upper Eocene of
Aquitaine, is also placed in Group III and has much in common with F. foveolata although
the shape is not entirely typical. “U.”’ nuda Ducasse (Pl. 2, figs. 7, 11) was only tentatively referred
to Uroleberis because the internal morphology was unknown. The internal morphology is still
unknown and although the shape is not completely characteristic it is here provisionally
placed in Group IIL.

In the western hemisphere, Bold (1946) recorded an almost smooth form from the Lower Eocene
of Guatemala and Belize as ?X. ranikotiana. Whilst probably not the Pakistan species it is not
possible to shed further light on this at present.

Hornibrook (1952) lists the living species F. foveolata from the Eocene of New Zealand but
does not figure it. One may assume that Group III Uroleberis occur but the species needs verifica-
tion.

The Oligocene

Occurrences in the Oligocene are rather rare. Deltel (1963) described U. procera (Pl 1, fig. 5)
from the Middle Oligocene and Ducasse (1969) also found it in the basal Oligocene of France.
Bubikyan (1958) described X. schoragburensis, which appears to be a typical Group II Uroleberis,
from the Erevan Basin of the USSR, and McKenzie (1979) has noted that the genus occurs in the
Janjukian Stage of the Willunga Embayment near Adelaide, Australia. F. foveolata, listed as
occuring in every System from the Eocene onwards, was noted in the late Oligocene and early
Miocene of offshore Bombay (Guha, 1975). Group III Uroleberis clearly occur although the
species perhaps needs re-assessing.

The Miocene

Uroleberis is not common in the Miocene and most of the records are from the Americas. Bold
(1973) recorded Uroleberis sp. from the Lower and Middle Miocene of Cuba but without figuring
the specimens. His specimen of Uroleberis sp. from the Late Miocene of Puerto Rico and Cuba
(Bold, 1969) shows a flattened ventral surface with distinct concentric ornamentation and can
only be doubtfully referred to the genus.

The Pliocene
Pliocene Uroleberis are not generally well known. Under open nomenclature the genus has
been recorded in China, Vietnam, S. Hispaniola and Haiti and F. foveolata listed from Guangdong,
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China. Bold (1968, 1971) lists U. torquata from the N. Dominican Republic and Cuba and U.
triangulata from Jamaica and the N. Dominican Republic (Bold, 1971, 1975) but it has not been
possible to make a satisfactory judgement of the genus or grouping.

The Pleistocene

Bold (1971) gives U. angulata (Brady) from Jamaica but it cannot be placed in any of the re-
cognised groups and its genus is doubtful. Hu (1982) described the new U. pseudodemokrace from
the Pleistocene of Taiwan which is here placed in Group III. The genus also occurs near the Straits
of Gibraltar in cores (Cirac and Peypouquet, 1983).

Recent

Principal references are to F. foveolata whose type locality is 6-8 fathoms off Booby Island
(10°36'S, 141° 55E) North of Australia. It is very common in this area and McKenzie (1976)
notes that it occurs in 60%, of samples from the Sahul Shelf. Gramann (1975) notes its occurrence
in the Straits of Malacca and Ishizaki (1979) found it in the East China Sea. Smooth Group II
Uroleberis do occur, however, as seen in the specimen from off the Australian coast near Adelaide
figured in his original paper by Triebel (1958).

CONCLUSIONS

In late Cretacepus times the Xestoleberididae diversified to produce a group of forms whose
common characteristics are a well-developed accommodation groove in the left valve, marked
sexual dimorphism and “xestoleberid spot” (rarely seen). This plexus, to which the generic name
“Uroleberis’ may be loosely attached, shows great variation in the development of such features as
shape, caudal process, median hinge element, eye tubercle and ornamentation. The group has
previously been sub-divided on the basis of the smooth or crenulate nature of the median hinge
element but this is difficult to determine satisfactorily for a variety of reasons and is unknown in
the vast majority of species. For convenience we have provisionally recognised five groups of
species some of which could probably be subdivided further. Further work will refine these groups
and the species they contain. The question of subgeneric status or full generic status for them is
a matter of personal preference and philosophy.

Group I is an early, probably polyphyletic group. Group II is centred on Uroleberis s.s. and
Group III on Foveoleberis. Group IV is problemetical and Group V synonymous with Ornatole-
beris. As far as present knowledge goes, their greatest development occurs in the Palaeocene
and Eocene of the Middle East, the Indian sub-continent and contiguous areas where they may
prove stratigraphically useful.

We have clearly come to vastly different conclusions than those which we expected when we
came to write this paper. Instead of being able to deal with the biostratigraphy, palacoecology and
palacogeography we found that fundamental taxonomic problems were paramount. In conse-
quence we have reviewed this aspect of the group with a view to directing attention to areas where
a great deal of detailed work is still needed and hope to turn to other aspects on a later occasion.
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Tertiary and Recent Species of
Miocyprideis from India
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ABSTRACT

The genus Miocyprideis Kollmann, 1960, occurs commonly in the Tertiary and Recent
sediments of India. Seven species, including four new, are recognised from these sediments. They
are Miocyprideis chaudhuryi (Lyubimova and Guha, 1960), M. kachchhensis n.sp., M. lyubimovae
Khosla, 1978, M. okhaensis n. sp., M. paravurensisn. sp., M. punctata n. sp.,and M. thirukkaruvensis
Guha and Rao, 1976. The last species is divided into three morphotypes on the basis of number of
pits and their distribution pattern. These morphotypes are alike in all other characters and hence
included in a single species.

In addition, the paper also reviews the taxonomic status of the three species Cytheridea spinulosa
Brady, 1868, Clithrocytheridea atjehensis Kingma, 1948, and Miocyprideis lyubimovae Khosla, 1978,
which were earlier assigned to the genus Miocyprideis and have been transferred to the genus
Bishopina Bonaduce, Masoli and Pugliese, 1976, by Wouters (1981). These species clearly lack the
marginal surface ridges, characteristic of Bishopina. The species are retained in Miocyprideis on
the basis of their subovate to subrectangular lateral outline, presence of anterior and posterior
marginal spines, merodont/entomodont hinge, two frontal scars and the characters of the marginal
zone. Systematics of the species recorded are given in the paper.

INTRODUCTION

The genus Miocyprideis Kollmann, 1960 occurs commonly in the Tertiary and recent sedi-
ments of India. This is represented by seven species. Three of these are previously known taxa.
These are Miocyprideis chaudhuryi (Lyubimova and Guha, 1960), M. lyubimovae Khosla, 1978,
and M. thirukkaruvensis Guha and Rao, 1976. The other four species Miocyprideis kachchhensis,
M. okhaensis, M. paravurensis and M. punctata are new.

The genus was introduced by Kollmann (1960) for Cytherideinae ostracods. Among others, he
included the two species Cytheridea spinulosa Brady, 1868, and Clithrocytheridea atjehensis King-
ma, 1948, in this genus. Many authors after him assigned these two species to the genus Miocypri-
deis. Recently Wouters (1981) describing the new species Bishopina vangoethemi stated that Cythe-
ridea spinulosa and Clithrocytheridea atjehensis along with certain other species, including Miocy-
prideis lyubimovae Khosla, 1978, can be considered to belong to the genus Bishopina Bonaduce,
Masoli and Pugliese, 1976. According to him species of Bishopina differ from the type species of
Miocyprideis (M. janoscheki Kollmann, 1960) in being smaller, having a subrectangular shape
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TEXT-FIG. 1—Map showing the fossil localities of Miocyprideis species in India.
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instead of a rounded one, lacking the posteroventral right valve spine and in often having thick
plate-like marginal denticles. Furthermore, in Bishopina species the greatest width in dorsal view
is situated in the posterior half and some species show a very broad, subtruncate posterior extre-
mity, often accentuated by a posterior transverse ridge consisting of irregular thickenings. A study
of the type description of the genus Bishopina reveals that it is characterised by shape and orna-
mentation typical of the genus Cytherelloidea. In the type species—Bishopina mozarti Bonaduce,
Masoli and Pugliese, 1976, the valve surface is ornamented by two marginal ridges; the outer one
starts from the anterodorsal area and runs parallel to the anterior margin as far as the mid-ventral
area; the othe ridge runs parallel, and inside, the first one contouring almost the entire valve; the
posterior part of this ridge is almost vertical. At both sides of the interior ridge two chains of deep,
elliptical foveolae are evident, especially anteriorly and ventrally. At the mid-height of the valves
between the muscle scars and the posterior vertical ridge, two rows of deep foveolae are present.

The species Cytheridea spinulosa, Clithrocytheridea atjehensis and Miocyprideis lyubimovae
clearly lack surface ridges. In the opinion of the present author these species are not congeneric
with Bishopina as suggested by Wouters (1981). On the basis of their subovate to subrectangular
lateral outline, presence of anterior and posterior marginal spines, merodont/entomodont hinge,
two frontal scars and characters of the marginal zone the species are retained in the genus Miocy-
prideis. Systematics of the species recorded are given in the paper.

LLOCATION OF SAMPLES

The material from which species of Miocyprideis are being recorded comes from 4 localities in
Kerala and 3 in Gujarat. Details of the localities are given below and also in Text-fig. 1.

Kerala
A. The Quilon beds (Burdigalian) exposed at the base of cliff sections:
(i) about 1.5 kilometres northwest of Padappakkara village (8°58” N: 76°38’ E) on the bank
of Asthamundi Kayal (lake);
(ii) 2.25 kilometres west of Paravur village (8°49’ N: 76°40’ E).
B. The Quilon beds encountered in subsurface sections:
(iii) Sankaramangalam well 4 (8°59'45" N: 76°32’15" E);
(iv) Thevally well (8°53'45" N: 76°34’45" E).
Gujarat
(v) The Lower Miocene beds (Burdigalian) exposed near Nandana village (22°07'46” N: 69°17’
14” E), Saurashtra;
(vi) The Ramania Stage (Lattorfian-Rupelian) exposed in the Rakhdi Stream south of Harudi
village (23°20730” N: 68°4110” E), Kachchh;
(vii) Shallow water sediments (1-2 metres), near Okha (22°06’ N: 69°07 E), Gulf of Kachchh.
For details of stratigraphy reference may be made to Khosla (1978), Khosla and Pant (1982), and
Khosla and Nagori (1985).

REPOSITORY

All the illustrated specimens are deposited in the Museum of the University of Rajasthan, De-
partment of Geology, and references to them are designated by RUGDMEF catalogue numbers in
the text and plate explanations.
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SYSTEMATIC DESCRIPTION

Subclass OSTRACODA Latreille, 1806
Order PopocoripA Miiller, 1894
Suborder PobocoPA Sars, 1866
Superfamily CYTHERACEA Baird, 1850
Family CYTHERIDEIDAE Sars, 1925
Subfamily CYTHERIDEINAE Sars, 1925
Genus MiocyPRIDEIS Kollmann, 1960
MIoCYPRIDEIS CHAUDHURYI (Lyubimova and Guha, 1960)
(PL. 1, fig. 1)
Cyprideis chaudhuryi Lubimova and Guha, in LusiMOvA, GUHA and MoHAN, 1960, p. 30-31, PL. 2, fig 9.
Miocyprideis chaudhuryi: GUHA, 1961, Pl. 2, Text-figs. 3, 19; GuHA et al., 1965, p. 4, Pl 3, fig. 4;
GUHA, 1968, p. 212, Pl 1, figs. 13, 24; KHosLA, 1978, p. 273, Pl. 2, fig. 11, PL. 6, fig. 8.

Hllustrated specimen.—A right valve, RUGDMF No. 294 (P1. 1, fig. 1; L. 650 um; H. 350 ym).

Diagnosis.—Carapace elongate, subovate in lateral outline, left valve overlaps right valve all
along margin; dorsal margin convex, sloping down posteriorly; ventral margin slightly convex in
left valve and straight in right valve; anterior margin broadly rounded; posterior margin less so;
both fringed with minute spines; valve surface smooth to sparsely pitted.

Remarks.—This species has so far been recorded from the Lower Miocene beds of Kachchh
(Lyubimova, Guha and Mohan, 1960; Guha, 1961 ; Mehra, 1980), Saurashtra (Guha, 1967a; Kho-
sla, 1978), the Cauvery basin (Guha et al.,, 1965; Guha, 1968), Kerala (Guha and Rao, 1976;
Dutta, 1976; Rao and Datta, 1980), the Oligocene beds of Cambay (Guha, 1967b) and the Late
Oligocene beds of the Bombay High (Guha, 1975).

MIOCYPRIDEIS KACHCHHENSIS 1. Sp.
(PL. 1, figs. 2, 3; Text-fig. 2)

Etymology.—After the district of Kachchh, Gujarat, India.

Type.—Holotype, a male carapace, RUGDMF No. 295 (Pl. 1, fig. 2; L. 550 um; H. 290 um; W.
250 um) from olive green shales, Ramania Stage (Lattorfian-Rupelian) of Rakhdi Stream, Kachchh.

Hlustrated specimens.—Paratype I, a male carapace, RUGDMF No. 296 (PL. 1, fig. 3; L. 550 um;
H. 290 yum; W, 250 um). Paratype II, a female left valve, RUGDMF, No. 297 (Text-fig. 2; L.
580 yum; H. 370 um).

Material —Ten carapaces, 93 open valves.

Diagnosis.—Carapace subovate in lateral outline; valve surface densely pitted, pits near anterior
and posterior ends arranged in rows parallel to margin.

Description.—Carapace subovate in lateral outline, with greatest height near middle; left valve
larger than right valve, overlapping distinctly along dorsal and ventral margins; dorsal margin
arched; ventral margin slightly convex in left valve and straight in right valve; anterior margin

PLATE 1—Fig. 1. Miocyprideis chaudhuryi (Lyubimova and Guha). Lateral view of right valve (RUGDMF No.
294). x96.

Figs. 2-3. Miocyprideis kachchhensis n. sp. 2. Right valve view of male carapace (holotype, RUGDMF No.
295). x95; 3. Dorsal view of male carapace (paratype I, RUGDMF No. 296). x96.

Figs. 4-6. Miocyprideis okhaensis n. sp. 4. Right valve view of female carapace (holotype, RUGDMF No.
298). x95; 5. Internal view of female left valve (paratype I, RUGDMF No. 299). x95; 6. Dorsal view
of male carapace (paratype II, RUGDMF No. 300). x92.

Figs. 7-8. Miocyprideis paravurensis n. sp. 7. Lateral view of left valve (holotype, RUGDMF No. 301). x89;
8. Lateral view of right valve (paratype I, RUGDMF No. 302). x88.
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TEXT-FIG. 2—Miocyprideis kachchhensis n. sp. internal view of a left valve (RUGDMF no. 297).

broad and evenly rounded, fringed with 12-13 minute spines; posterior margin narrow, sloping
downwards in upper half and rounded in lower; in dorsal view anterior end compressed, carapace
otherwise biconvex, with maximum width posterior to middle. Surface of each valve densely pitted,
pits near anterior and posterior ends parallel to margin.

Inner lamella widest anteriorly and narrow along ventral and posterior margins; line of concre-
scence and inner margin coincide; selvage subperipheral; marginal pore canals numerous, straight
and thin; central muscles comprise a vertical row of four adductor scars, and two frontal scars.
Hinge merodont/entomodont; in the left valve it consists of an elongate, loculate anterior socket,
followed by a short finely crenulate median bar and then a long loculate posterior socket; hinge
complementary in right valve.

Remarks.—In outline the present species resembles Miocyprideis chaudhuryi (Lyubimova and
Guha, 1960), originally described from the Lower Miocene beds of Kachchh, but differs in being
smaller in size and having a densely pitted surface. In M. chaudhuryi the valve surface is either
smooth or sparsely pitted.

Occurrence.—This species occurs commonly in the Ramania Stage of Bermoti series of Kachchh.

MIOCYPRIDEIS LYUBIMOVAE Khosla, 1978
Miocyprideis lyubimovae KaosLa, 1978, p. 273, P, 2, figs. 14-15, Pl. 6, fig. 9.

Diagnosis.—Carapace subrectangular in lateral outline, with greatest height anterior to middle;
left valve larger than right valve, overlapping almost all along margin; anterior margin fringed with
14 thick spines and posterior margin with five to seven spines; in dorsal view extremities com-
pressed, sides slightly converging anteriorly, maximum width near posterior end; surface of each
valve ornamented by pits, and a weak elevation near posterior end.

Remarks.—This species has previously been described only from the Lower Miocene beds of
Saurashtra by Khosla (1978). The species closely resembles Miocyprideis thirukkaruvensis Guha

and Rao, 1976, in lateral outline but can be easily differentiated by the absence of a median
vertical depression.

MIOCYPRIDEIS OKHAENSIS N. Sp.
(Pl 1, figs. 4-6)
Etymology.—After the port of Okha, Gulf of Kachchh, Gujarat, India.
Type.—Holotype, a female carapace, RUGDMF No. 298 (Pl 1, fig. 4; L. 690 um; H. 390 um;
W. 310 um) from near Okha, Gulf of Kachchh, India, Recent.
Hlustrated specimens.—Paratype 1, a female left valve, RUGDMF No. 299 (Pl 1, fig. 5; L.

700 um; H. 390 um). Paratype II, a male carapace, RUGDMF No. 300 (Pl. 1, fig. 6; L. 690 zm;
H. 370 um; W. 270 um).
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Material —Fifty-five carapaces and 30 open valves.

Diagnosis.—Carapace elongate-subovate in lateral view; valve surface coarsely pitted; anterior
margin fringed with 10-11 denticles and posterior margin with seven or eight spines.

Description.—Sexual dimorphism present, males being more elongate, less high and wide than
females; carapace elongate, subovate in lateral outline; with greatest height slightly anterior to
middle; left valve larger than right valve and except for anterior margin overlapping all along
margin; dorsal margin gently arched in left valve and convex in right valve; ventral margin nearly
straight; anterior margin evenly rounded and fringed with 10-11 spines in lower half; posterior
margin sloping down in upper part and rounded in lower part bearing seven or eight spines; in dor-
sal view carapace biconvex with maximum width near middle in males and posteriorly in females.
Valve surface coarsely pitted, marginal region smooth.

Inner lamella widest along anterior margin and narrow along ventral and posterior margins;
line of concrescence and inner margin coincide; selvage subperipheral; marginal pore canals sim-
ple and straight, 17-18 along anterior margin; central muscle scars comprise a vertical row of four
ovate scars and two frontal scars. Hinge merodont/entomodont; in right valve it consists of an
elongate tooth with eight or nine denticles, followed by a finely locellate median groove and then
a posterior tooth bearing five or six denticles. Hinge complementary in right valve.

Discussion.—Miocyprideis okhaensis n.sp. resembles Miocyprideis atjehensis described by King-
ma (1948) from the Pliocene beds of the Malayan region in outline but differs in being coarsely
pitted. In the latter species the surface is rather smooth with many irregularly placed pits.

Occurrence.—M. okhaensis occurs commonly in shallow water near Okha, Gulf of Kachchh,
Gujarat, India.

MIOCYPRIDEIS PARAVURENSIS 1. Sp.
(PL 1, figs. 7, 8; Text-fig. 3)

Etymology.—After the village of Paravur, Quilon district, Kerala, India.

Type.—Holotype, a left valve, RUGDMF No. 301 (Pl 1, fig. 7; L. 720 zm; H. 410 um) from
Sample PR/2, bluish-grey, soft fossiliferous calcareous clay, Quilon beds, Lower Miocene, Paravur,
Kerala, India.

Illustrated specimen.—Paratype 1, a right valve, RUGDMF No. 302 (PL. 1, fig. 8; L. 690 um;
H. 390 um). Paratype I, a right valve, RUGDMF No. 303 (Text-fig. 3; L. 780 um; H. 470 um).

Material—Three carapaces and 47 valves.

Diagnosis.—Carapace subovate in lateral outline; valve surface ornamented with numerous
oval-shaped pits, region near anterior margin smooth.

TEXT-FIG. 3—Miocyprideis paravurensis n. sp. internal view of a right valve (RUGDMF No. 303).
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Description—Carapace subovate in lateral outline, with greatest height slightly anterior to
middle; left valve larger than right valve; overlapping all along margin; dorsal margin convex and
sloping down posteriorly in left valve, evenly arched in right valve; ventral margin nearly straight;
anterior margin broadly rounded and fringed with 12-13 spines; posterior margin sloping in upper
part and rounded in lower part in left valve, evenly rounded in right valve; in dorsal view carapace
elongate-pyriform, maximum width near posterior end, anterior end compressed and sides slightly
converging forward. Valve surface ornamented with numerous oval-shaped pits, region near
anterior margin smooth.

Inner lamella widest anteriorly and narrow along ventral and posterior margins; line of
concrescence and inner margin coincide; selvage subperipheral ; marginal pore canals simple, rarely
bifurcating, about 30-32 along anterior margin and 12 along posterior margin; central muscle scars
comprise a vertical row of four adductor scars and two frontal scars. Hinge merodont/entomodont;
in right valve it consists of an elongate anterior tooth with about 20 crenulations, followed by a
short median groove with 14 denticles and then a long posterior tooth with 17 crenulations; hinge
complementary in left valve.

Remarks.—Miocyprideis paravurensis n. sp. resembles Miocyprideis chaudhuryi (Lyubimova and
Guha, 1960) in overall outline but differs in having a distinctly pitted surface. The species also
differs from Miocyprideis janoscheki Kollmann, 1960, in lateral outline and in having 12-13
spines along the anterior margin, whereas there are about 30 in Kollmann’s species.

Occurrence—This species occurs in the Paravur, Sankaramangalam and Thevally sections of
Kerala.

MIOCYPRIDEIS PUNCTATA n. Sp.
(Pl 2, figs. 1-4)

Etymology.——From Latin punctus, meaning dotted; with reference to its surface ornamentation.

Type.—Holotype, a complete carapace, RUGDMF No. 304 (Pl. 2, figs. 1,2; L. 570 um; H.
310 gum; W. 250 um) from Sample S/6, 113.69-116.73 metres below the surface, grey sticky clay
and sands with shells, Quilon beds, Lower Miocene, Sankaramangalam well 4, Kerala, India.

Tlustrated specimen.—Paratype, a right valve, RUGDMF No. 305 (PL. 2, figs. 3,4; L. 590 um;
H. 330 ym).

Material —Thirteen carapaces and 124 valves.

Diagnosis.—Carapace subrectangular in lateral outline, with greatest height slightly anterior to
middle; valve surface ornamented by rounded to subrounded deep pits, coarse in middle and
fine along margins.

Description.—Carapace subrectangular in lateral outline, with greatest height slightly anterior
to middle; left valve larger than right valve, overlapping all along margin except for anterior end;
dorsal margin weakly convex; ventral margin straight; anterior margin rounded and fringed with
16-17 minute spines; posterior margin sloping in upper half and rounded in lower, with eight or
nine minute spines; in dorsal view carapace elongate-pyriform, with maximum width posterior to
middle, anterior end compressed, sides slightly converging forward. Valve surface ornamented
by rounded to subrounded deep pits, coarse in middle and fine along margins.

PrLaTE 2—Figs. 1-4. Miocyprideis punctatan. sp. 1, Right valve, view of carapace (holotype, RUGDMF No. 304).
x114; 2. Dorsal view of carapace (holotype, RUGDME No. 304). x87; 3. Internal view of right valve
(paratype, RUGDMF No. 305). x89; 4. Central muscle scars of right valve (paratype, RUGDMF No.
305). x 500.

Figs. 5-8. Miocyprideis thirukkaruvensis Guha and Rao. 5. Lateral view of left valve (morphotype A,
RUGDMF No. 306). x118; 6. Dorsal view of carapace (morphotype A, RUGDMF No. 307). x121;
7. Lateral view of left valve (morphotype B, RUGDMF No, 308). x127; 8. Lateral view of left
valve (morphotype C, RUGDMF No. 309). x128.
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Inner lamella widest anteriorly and narrow along ventral and posterior margins; selvage sub-
peripheral; line of concrescence and inner margin coincide; marginal pore canals simple, rarely
bifurcating, 35-37 anteriorly, 15-16 posteriorly; central muscle scars comprise a vertical row of
four adductor scars and two frontal scars. Hinge merodont/entomodont; in right valve anterior and
posterior teeth with about 25 and 17 crenulation respectively and median groove with 17 denticles.

Remarks.—The present species differs from Miocyprideis thirukkaruvensis Guha and Rao, 1976,
in having a deeply pitted surface and in lacking a vertical depression in the middle and a swelling/
hump in the posterior region.

Occurrence.—M. punctata occurs abundantly in the Padappakkara, Paravur, Sankaramangalam
and Thevally sections of Kerala.

MIOCYPRIDEIS THIRUKKARUVENSIS Guha and Rao, 1976
(Pl. 2, figs. 5-8)
Miocyprideis thirukkaruvensis GuHA and Rao, 1976, p. 94, 95, PL. 1, figs. 2-4.
Diagnosis.—Carapace subrectangular in lateral outline, with greatest height anterior to middle;
left valve larger than right valve, distinctly overlapping along dorsal and ventral margins; anterior
margin fringed with 13-15 spines and posterior with five or six spines; in dorsal view carapace
roughly pyriform, anterior end compressed, maximum width near posterior end; valve surface
variably pitted and marked by a broad, shallow vertical depression in middle and a swelling/ or
hump in posterior region.
Remarks.—This species has so far been recorded from the Quilon beds of Kerala by Guha and
Rao (1976). The species may be divided into the following three morphotypes on the basis of the

number of pits and their distribution pattern. These morphotypes are alike in all other characters
and hence included in a single species.

Morphotype A
(Pl 2, figs. 5, 6)
Hlustrated specimens.—A left valve, RUGDMF No. 306 (Pl. 2, fig. 5; L. 550 um; H. 310 um).
A carapace, RUGDMF No. 307 (P\. 2, fig. 6; L. 510 zm; H. 0.310 zm; W. 0.270 um).

Diagnosis.—This morphotype is characterised by the presence of dense pitting, the pits being dis-
posed uniformly over the entire surface.

Morphotype B
(Pl. 2, fig. 7)
Hllustrated specimen.—A left valve, RUGDMF No. 308 (PL. 2, fig. 7; L. 490 um; H. 290 zm).
Diagnosis.—This morphotype is characterised by sparse pitting. About 40 to 45 pits occur over
the middle of valve; the marginal area is smooth.

Morphotype C
(Pl. 2, fig. 8)
Hlustrated specimen.—A left valve, RUGDMF No. 309 (Pl 2, fig. 8; L. 510 um; H. 290 um).

Diagnosis.—This morphotype is characterised by a few pits (20-25) in the median depression
of the valve, the rest of the surface area smooth.
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DiscussioN

Keyser: I am referring to your last statement on the morphotypes that you encountered. Do
you have any evidence that this could be related to the Ca content of the water?

Khosla: No. The three morphotypes come from the same samples. I don’t think calcium
contents of the water would influence some individuals and not others.

De Deckker: I wish to further comment on what Dietmar Keyser said. The fact that you iden-
tified three different morphotypes is important. These are the types of ostracods which will be useful
in palaeontology. These ostracods have an ““unstable” morphology but belong to the same species.
If we understand these morphological changes, then they will be of use to the palaeoecologist.

Siddiqui: What is the range of variation in the number of anterior marginal pore canals in
your species?

Khosla: The number of anterior marginal pore canals varies from 15-35.
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The Genus Stigmatocythere from
the Quilon Beds (Lower Miocene) of Kerala, India

SusHASH C. KHOSLA AND M.L. NAGORI
University of Rajasthan, Udaipur, India

ABSTRACT

Nine species of the genus Stigmatocythere Siddiqui, 1971, including six new, are described
and illustrated from the Quilon beds (Lower Miocene) of Kerala, India. Of these, four species
have normal overlap and hinge structure as given by Siddiqui, while the other five species show
reversal of overlap and hinge structure. In the latter species the right valve is larger than the left
valve, and anterior and posterior teeth, anteromedian socket and posteromedian groove are
present in the left valve, and complementary hinge structure in the right valve. These species con-
stitute a distinct group and deserve a separate designation in odrer to differentiate them from the
species with normal overlap and hinge structure. Accordingly a new subgenus Bhatiacythere is er-
ected to accommodate the former group of species and the latter species are assigned to the sub-
genus Stigmatocythere s.s. The checklist of the species recorded in this paper is as follows: Stigmato-
cythere (Stigmatocythere) chaasraensis (Guha, 1961), S. (S.) latebrosa (Lyubimova and Guha,
1960), S. (S.) multicostata n. sp., S. (S.) quilonensis n. sp., Stigmatocythere (Bhatiacythere) arcuata
n. sp., S. (B.) interrupta n. sp., S.(B.) rete n. sp., S. (B.) reversa Khosla, 1976, and S. (B.) spinosa
n. sp. Biostratigraphical and geographical distributions and evolutionary relationships of the
above species are also discussed in the paper.

INTRODUCTION

The genus Stigmatocythere was established by Siddiqui (1971) from the Middle and Upper Eo-
cene beds of the Sulaiman Range, Pakistan for a group of highly ornamented Trachyleberididae.
It is characterised by the presence of two ridges springing from the eye tubercle, one to form a high
anterior marginal rim, the other curving sharply round to join the subcentral tubercle. According
to Siddiqui the genus has normal overlap, i.e. left valve slightly over-reaches right valve in the
region of the anterior cardinal angle and at the posterodorsal slope, and hinge structure. In the
right valve, the hinge consists of a strongly projecting anterior tooth followed by an anteromedian
socket, a posteromedian locellate groove or a reduced narrow shelf, and a projecting reniform or
pessular posterior tooth; the hinge in the left valve is complementary, Subsequently Khosla (1976),
extending both the stratigraphical range and geographical limits of the genus, described three spe-
cies from the Lower Miocene beds of Saurashtra, India. Two of these species — Stigmatocythere
chaasraensis (Guha, 1961) and S. latebrosa (Lyubimova and Guha, 1960) — show the overlap and
hinge structure of the type described by Siddiqui, while the third Stigmatocythere reversa Khosla,
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1976 exhibits an interesting example of reversal of overlap and hinge structure. In this species the
right valve is larger than the left valve, and anterior and posterior teeth, anteromedian socket and
posteromedian groove are present in the left valve with complementary hinge structure in the
right valve. The above three species along with another new species of Stigmatocythere were
later recorded from the Lower Miocene beds of Kachchh by Mehra (1980).

During the course of the study of ostracods from the Quilon beds (Lower Miocene), Kerala the
present authors have come across nine species of Stigmatocythere, six of which are new. Of these,
four species have normal overlap and hinge structure, while the other five species show reversal of
overlap and hinge structure. It now appears certain that the latter species constitute a distinct group
and deserve a separate designation in order to differentiate them from the species with normal
overlap and hinge structure. Accordingly a new subgenus Bhatiacythere is erected to accommodate
the former group of species and the latter species are assigned to subgenus Stigmatocythere s.s.
The systematics, biostratigraphical and geographical distributions and evolutionary relationships
of the above nine species are discussed in this paper.

STRATIGRAPHY

The material from which the Stigmatocythere species were obtained comes from two surface
sections and two subsurface sections. The location of these sections is given below and also in the
Text-fig. 1.

Surface sections

Padappakkara (8°58'N: 76°38'E): cliff section (locally known as ‘Chunna Kodi’, meaning
calcareous point) about 1.5 kilometres northwest of Padappakkara village on the bank of Astha-
mundi Kayal (lake).
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TexT-FIG. 1—Map showing the fossil localities of Stigmatocythere species in Kerala.
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Paravur (8°49'N: 67°40’'E): cliff section 2.25 kilometres west of Paravur village.

Subsurface sections

Sankaramangalam well 4 (8°59'45'N: 76°32'15"E).

Thevally well (8°53'45”N: 76°34'45"E).

Of these sections the best developed succession, rich in ostracods, is found in Sankaramanga-

lam well 4. Here the succession is divisible into two lithostratigraphic units, the lower Quilon beds
(31.39 to 247.79 metres depth), and the upper Warkalli beds (0 to 31.39 metres depth). The Quilon
beds in the lower part (113.69 to 247.79 metres depth) are dominated by argillaceous and arena-
ceous facies and comprise clays with peat/carbonaceous matter and sand. In the upper part (31.39
to 113.69 metres depth) the beds are dominated by calcareous facies and consist of limestone and
clays with sands. Ostracods occur commonly in the Quilon beds, on the basis of which the beds can
be tentatively divided into two assemblage zones. These are, in ascending order:
Zone I: This zone extends downward from 113.69 metres depth. Stigmatocythere (Stigmatocythere)
latebrosa (Lyubimova and Guha, 1960) is confined to this zone. Other Stigmatocythere species
occurring in the zone are: Stigmatocythere (Stigmatocythere) chaasraensis (Guha, 1961), S. (S.)
quilonensis n. sp., Stigmatocythere (Bhatiacythere) interrupta n. sp., S. (B.) rete n. sp., and S. (B.)
reversa Khosla, 1976. The associated ostracods restricted to Zone I are: Gujaratella sp., Hemicy-
prideis kachharai Khosla, Ornatoleberis sp., Pokornyella pindaraensis Khosla, and Pokornyella sp.
Zone II: This zone is 82.30 metres thick, occurring from 31.39 to 113.69 metres depth below the
surface. Stigmatocythere (Stigmatocythere) multicostata n.sp., Stigmatocythere (Bhatiacythere)
arcuata n. sp., and 'S. (B.) spinosa n. sp. are confined to this zone. Other Stigmatocythere species
occurring in this zone include Stigmatocythere (Stigmatocythere) chaasraensis (Guha, 1961), S. (S.)
quilonensis n. sp., Stigmatocythere (Bhatiacythere) interrupta n. sp., S. (B.) rete n. sp., and S. (B.)
reversa Khosla, 1976. The associated ostracods restricted to Zone II are: Alocopocythere sp.,
Bradleya (Quasibradleya) sp., Cytherelloidea costatruncata Lyubimova and Mohna, 1960,
Cytherelloidea sp., Loxoconchella sp., Neomonoceratina sp., Paracytheridea perspicua Lyubimova
and Guha, and Paracytheridea sp. '

The stratigraphic succession of Sankaramangalam well 4 and distribution of Stigmatocythere
species are shown in Text-fig. 2.

A succession more or less similar to that of Sankaramangalam well 4 was found in Thevally well.
It is divisible into three lithostratigraphic units, in ascending order: Quilon beds (28.34 to 247.79
metres depth), Warkalli beds (6.09 to 28.34 metres depth), and Sub-Recent beds (0 to 6.09 metres
depth). Like Sankaramangalam well 4, the Quilon beds in their lower part (128.93 to 247.79 metres
depth) comprise mainly clay with peat/carbonaceous matter and sands, while in their upper part
(28.34 to 128.93 metres depth) consist of alternate bands of limestone and clays with sands. The
beds are divisible into two ostracod assemblage zones. Stigmatocythere (Stigmatocythere) chaas-
raensis (Guha, 1961). S. (S.) latebrosa (Lyubimova and Guha, 1960), S.(S.) gquilonensis n. sp.,
Stigmatocythere (Bhatiacythere) interrupta n. sp., S. (B.) rete n.sp., and S. (B.) reversa Khosla,
1976, occur in Zone I (86.25 to 247.79 metres depth) and Stigmatocythere (Stigmatocythere) chaas-
raensis (Guha, 1961), S. (S.) multicostata n. sp., S. (S.) quilonensis n. sp., Stigmatocythere (Bhatia-
cythere) arcuatan. sp., S. (B.) interruptan. sp., S. (B.) rete n. sp., and S. (B.) reversa Khosla, 1976,
occur in Zone II (28.34 to 86.25 metres depth).

A very thin succession of the Quilon beds is exposed in the surface sections. At Padappakkara
it comprises light yellow sandy clay (0.8 metre) at the base successively overlain by grey clay (0.5
metre), black carbonaceous clay (0.5 metre), greenish-grey clay (1 metre) and greenish-grey lime-
stone (0.5 metre). The following Stigmatocythere species occur in these beds: Stigmatocythere
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(Stigmatocythere) chaasraensis (Guha, 1961), S. (S.) latebrosa (Lyubimova and Guha, 1960), S.
(S.) quilonensis n. sp., Stigmatocythere (Bhatiacythere) interrupta n. sp., S. (B.) rete n. sp., and
S. (B.) reversa Khosla, 1976.

At Paravur the Quilon beds are composed of greenish-grey hard limestone (1 metre) at the
base, overlain by similar looking soft clays (2 metres). Stigmatocythere species occurring at this
locality are as follows: Stigmatocythere (Stigmatocythere) chaasraensis (Guha, 1961), S.(S.)
latebrosa (Lyubimova and Guha, 1960), S. (S.} quilonensis n. sp., Stigmatocythere (Bhatiacythere)
interrupta n. sp., S. (B.) rete n. sp., and S. (B.) reversa Khosla, 1976.

The Quilon beds of Padappakkara and Paravur can be correlated with Zone I of Sankaraman-
galam well 4 and Thevally well.

GEOGRAPHICAL DISTRIBUTION OF Stigmatocythere

The genus occurs commonly in the Indian subcontinent. It has been recorded from the Eocene
beds of the Sulaiman Range, Pakistan (Siddiqui, 1971), Rajasthan (authors’ personal observation),
the Middle Eocene to Lower Miocene beds of Kachchh (Lyubimova, Guha and Mohan, 1960;
Gubha, 1961 ; Mehra, 1980; Khosla and Pant, 1981), the Lower Miocene beds of Saurashtra (Guha,
1967; Khosla, 1976), the Upper Oligocene-Early Miocene beds of the Bombay High (Guha, 1975),
the Quilon beds of Kerala (Dutta, 1976; Guha and Rao, 1976; Rao and Datta, 1980), and the
Lower Miocene beds of the Cauvery basin (Guha, 1968). The distribution of the various species is
given in Table 1.°

EVOLUTION OF Stigmatocythere

The origin of the genus is not known but it was well established during Eocene time. In Oligo-
cene time it split into two subgenera—Stigmatocythere s.s. and Bhatiacythere n. subgen. Studies of
species from the Quilon beds indicate certain clear lineages within the genus. Among the subgenus

TaBLE 1—DISTRIBUTION OF Stigmatocythere SPECIES IN THE TERTIARY BEDS OF THE INDIAN SUBCONTINENT.

Species Pakistan  Rajasthan Kachchh  Saurashtra Kerala Cauvery
Basin

Stigmatocythere (Stigmatocythere) M. Eocene — — —_ — —
calia Siddiqui, 1971

S. (S.) chaasraensis (Guha, 1961) — — L. Miocene L. Miocene L. Miocene —
S. (S.) delineata Siddiqui, 1971 M. Eocene — — — — —
S. (S.) latebrosa (Lyubimova and — — L. Miocene L. Miocene L. Miocene L. Miocene
Guha, 1960)
S. (S.) lumaria Siddiqui, 1971 M.and U. — — — — -
Eocene
S. (S.) multicostata n. sp. — — — L. Miocene —
S. (S.) obliqua Siddiqui, 1971 L. Eocene L. Eocene — — — —
S. (S.) portentum Siddiqui, 1971 M. Eocene — M. Eocene — — —
S. (S.) quilonensis n. sp. — — —_ —_ L. Miocene —
Stigmatocythere (Bhatiacythere) —_ — — L. Miocene —
arcuata n. sp.
S. (B.) interrupta n. sp. — — — —_ L. Miocene —
S. (B.) rete n. sp. — — — — L. Miocene —
S. (B.) reversa Khosla, 1976 — — L. Miocene L. Miocene L. Miocene —
S. (B.) spinosa n. sp. — — — — L. Miocene —

L. = Lower; M. = Middle; U. = Upper.
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Stigmatocythere s.s., S. (S.) multicostata n.sp. is closely related to S. (S.) latebrosa (Lyubimova and
Guha, 1960). It occurs in stratigraphically younger beds and may have evolved from S. (S.) late-
brosa by development of additional longitudinal ridges. S. (S.) quilonensis n. sp. is closely related to
S. (S.) chaasraensis (Guha, 1961), differing only in the presence of surface reticulation, and appears
to have evolved from it. In the subgenus Bhatiacythere, S. (B.) reversa Khosla, 1976 appears to be
the most central type. One lineage to evolve from it is S. (B.) interrupta n. sp. by splitting of the
dorsal ridge into two ridges, which in S. (B.) spinosa n. sp. is reduced to only two spines. Another
lineage to evolve from S.(B.) reversa is S.(B.) arcuata n.sp. by disappearance of surface
reticulation. S. (B.) rete n. sp. also appears to have evolved from S. (B.) reversa by developing
prominent reticulation with suppression of the median longitudinal ridge.

Repository

All the illustrated specimens are deposited in the Museum of the University of Rajasthan,
Department of Geology. Their RUGDMF catalogue numbers are used in the text and plate ex-
planations.

SYSTEMATIC DESCRIPTIONS

Subclass OsTRACODA Latreille, 1806
Order PopocoripA Miiller, 1894
Suborder PopocopraA Sars, 1866
Superfamily CYTHERACEA Baird, 1850
Family TRACHYLEBERIDIDAE Sylvester-Bradley, 1948
Subfamily TRACHYLEBERIDINAE Sylvester-Bradley, 1948
Tribe Costainr Hartmann and Puri, 1974
Genus STIGMATOCYTHERE Siddiqui, 1971

Diagnosis.—Highly ornamented Trachyleberididae in which two ridges spring from eye tuber-
cle, one to form a high anterior marginal rim, the other curving sharply round to join the subcentral
tubercle.

Type species.—Stigmatocythere obliqua Siddiqui, 1971

Subgenus STIGMATOCYTHERE sensu stricto

Diagnosis.—Stigmatocythere with normal overlap and hinge structure.
Stratigraphic range.—Middle Eocene to Lower Miocene.
Remarks.—Stigmatocythere (Stigmatocythere) s.s. occurs in the Eocene beds of Pakistan and
the Eocene-Miocene beds of India. The following species are included in this subgenus:

Stigmatocythere (Stigmatocythere) calia Siddiqui, 1971

S. (S.) chaasraensis (Guha, 1961)

S. (S.) delineata Siddiqui, 1971

S. (8.) latebrosa (Lyubimova and Guha, 1960)

S. (S.) lumaria Siddiqui, 1971

S. (8.) multicostata n. sp.

S. (S.) obliqua Siddiqui, 1971

S. (8.) protentum Siddiqui, 1971

S. (S.) quilonensis n. sp.

Only the species occurring in Kerala are described in this paper.

STIGMATOCYTHERE (STIGMATOCYTHERE) CHAASRAENSIS (Guha, 1961)
(Pl 1, fig. 1)
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Occultocythereis chaasraensis GUHA, 1961, p. 4, 5, figs. 8, 10, 13.
Stigmatocythere chaasraensis; KHosLA, 1976, p. 136, 137, Pl 1, figs. 7-9; KHosLA, 1978, p. 271, P1. 5,
fig. 2, PL. 6, fig. 16.

Hllustrated specimen.—A female right valve, RUGDMF No. 273 (P1. 1, fig. 1; L. 550 um; H.
290 um).

Diagnosis.—The species is characterised by the presence of two ridges originating from the eye
tubercle, diagnostic of the genus, three longitudinal ridges, dorsal, median and ventral, the first
two joined posteriorly by a vertical ridge; rest of area smooth.

Remarks.—The present specimens from Kerala are identical with the types of the species de-
scribed by Guha (1961) from the Lower Miocene beds of Chaasra, Kachchh. The species has also
been recorded from the Lower Miocene beds of Saurashtra (Guha, 1967; Khosla, 1976, 1978), and
Kachchh (Mehra, 1980).

Occurrence.—The species occurs commonly in all the four sections studied.

STIGMATOCYTHERE (STIGMATOCYTHERE) LATEBROSA (Lyubimova and Guha, 1960)
(Pl 1, fig. 2)
Cythereis latebrosa Lubimova and Guha, in LuBiMova, GUHA and MOHAN, 1960, p. 34, 35, PL. 3, fig. 2.
Bradleya latebrosa; GuHna, 1968, p. 216, Pl. 2, figs. 19, 21.
Stigmatocythere latebrosa; KaosLa, 1976, p. 137, Pl 1, figs. 10, 11; KnaosLa, 1978, p. 271, PL. 5, fig. 1,

Pl 6, fig. 18.

Hlustrated specimen.—A female right valve, RUGDMF No. 274 (Pl. 1, fig. 2; L. 620 um; H.
390 um). .

Diagnosis.—The species has a subquadrate lateral outline, distinctly concave ventral margin and
strongly reticulate valve surface with five ridges, two of which originate from the eye tubercle,
the other three being longitudinal.

Remarks.—This species has been previously recorded from the Lower Miocene beds of Kachchh
(Lyubimova, Guha and Mohan, 1960; Mehra, 1980), Saurashtra (Guha, 1967; Khosla, 1976,
1978), Cauvery basin (Guha, 1968), and Kerala (Guha and Rao, 1976; Dutta, 1976; Rao and
Datta, 1980).

Occurrence. — S. (S.) latebrosa occurs commonly in the Sankaramangalam section and rarely
in the other three sections studied.

STIGMATOCYTHERE (STIGMATOCYTHERE) MULTICOSTATA N. SD.
(PL. 1, figs. 3-6)

Etymology.—From the Latin multus, much - costa, ribs; with reference to the surface ridges.

Type.—Holotype, a complete male carapace, RUGDMF No. 275 (PL. 1, fig. 3; L. 620 um; H.
330 um; W, 310 zm) from sample S/12, 77.11-83.21 metres below the surface, bluish-grey soft clay
with fossiliferous limestone, Quilon beds, Lower Miocene, Sankaramangalam well 4, Kerala, In-
dia.

Hlustrated specimens.—Paratype I, a complete male carapace, RUGDMF No, 276 (Pl 1, fig.
4; L. 650 um; H. 370 um; W. 320 um). Paratype II, a complete female carapace, RUGDMF No.
277 (Pl 1, fig. 5; L. 570 um; H. 370 um; W. 330 um). Paratype III, a female left valve, RUGDMF
No. 278 (Pl 1, fig. 6; L. 570 um; H. 370 gzm).

Material—Forty-six complete carapaces and 72 open valves.

Diagnosis.—Carapace subquadrate in lateral outline; ventral margin distinctly concave; valve
surface ornamented with reticulation and seven ridges, two originating from the eye tubercle, five
longitudinal.

Description.—Sexual dimorphism distinct, males being more elongate, less high and wide than
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females; carapace subquadrate in lateral outline, with greatest height at anterior cardinal angle;
left valve slightly larger than right valve, overlapping at anterior cardinal angle and along postero-
dorsal slope. Dorsal margin straight concealed posteriorly by overhanging ridge; ventral margin
distinctly concave in middle; anterior margin broad and evenly rounded, with 67 denticles; poste-
rior margin in left valve straight in upper part and convex in lower part, in right valve subangulate;
posterior cardinal angle distinct. In dorsal view carapace rather compressed, with maximum width
posterior to middle. Eye and subcentral tubercles distinct. Valve surface ornamented by reticulation
and seven ridges; two ridges originate from the eye tubercle, one ridge forms a high rim along the
anterior margin and also continues along the ventral and posterior margins, the other ridge turns
sharply round to the subcentral tubercle where it recurves and runs anteriorly. The five longitudi-
nal ridges consist of a dorsal ridge which originates below the eye tubercle, making an arc over-
hangs part of the margin and then turns downward in the posterodorsal region; a median ridge
runs posterior to the subcentral tubercle and joins the dorsal ridge; two short ridges occur
between the median and ventral ridges; a ventral ridge extends from the anteroventral region in a
posterior direction.

Inner lamella wide along anterior margin, narrow along posterior; line of concrescence and
inner margin coincide; selvage submarginal. Marginal pore canals simple and straight, 19-20
along anterior margin, and 9-10 along posterior margin. Hinge amphidont/heterodont; in right
valve consisting of an anterior tooth, a postjacent anteromedian socket, followed by a postero-
median groove and then a posterior tooth; hinge complementary in left valve, posteromedian bar
finely crenulate. ,

Remarks.—Stigmatocythere (Stigmatocythere) multicostata n.sp. resembles Stigmatocythere
(Stigmatocythere) latebrosa (Lyubimova and Guha, 1960) in lateral outline but differs in having
five longitudinal ridges instead of three as in the case of the latter species. S. (S.) latebrosa possibly
represents the ancestral form of S.(S.) multicostata.

Occurrence.—The species occurs commonly in the Sankaramangalam and Thevally sections.

STIGMATOCYTHERE (STIGMATOCYTHERE) QUILONENSIS n. SP.
(Pl 1, figs. 7-10)

Etymology.—After the district of Quilon, Kerala, India.

Type.—Holotype, a female right valve, RUGDMF No. 279 (Pl 1, figs. 7, 10; L. 570 um; H.
310 um) from Sample T/21, 61.87-64.92 metres below surface, Quilon beds, Lower Miocene,
Thevally well, Kerala, India.

Illustrated specimens.—Paratype 1, a complete female carapace, RUGDMF No. 280 (PL. 1, fig.
8;L.570 um; H. 310 um; W. 250 um). Paratype 11, a male left valve, RUGDMF No. 281 (PL. 1,
fig. 9; L. 600 um; H. 290 um).

PratE 1 —Fig. 1. Stigmatocythere (Stigmatocythere) chaasraensis (Guha, 1961). Lateral view of female right valve
(RUGDMF No. 273). x73.

Fig. 2. Stigmatocythere (Stigmatocythere) latebrosa (Lyubimova and Guha, 1960). Lateral view of female right
valve (RUGDMF No. 274). x77.

Figs. 3-6. Stigmatocythere (Stigmatocythere) multicostata n. sp. 3. Lateral view of complete male carapace
(holotype, RUGDMF No. 275). x76; 4. Dorsal view of complete male carapace (paratype I, RUGDMF
No. 276). x74; 5. Lateral view of female complete carapace (paratype II, RUGDMF No. 277). x75; 6.
Internal view of female left valve (paratype I1II, RUGDMF No. 278). x85.

Figs. 7-10. Stigmatocythere (Stigmatocythere) quilonensis n. sp. 7. Lateral view of right female valve (holotype,
RUGDMF No. 279). x70; 8. Dorsal view of complete female carapace (paratype I, RUGDMF No. 280).
x79; 9. Lateral view of male left valve (paratype II, RUGDMEF No. 281). x75; 10. Internal view of
female right valve (holotype, RUGDMF No. 279). x 70.

Figs. 11-13. Stigmatocythere (Bhatiacythere) arcuata n. sp. 11. Lateral view of left male valve (holotype, RU-
GDMF No. 282). x75; 12. Dorsal view of complete female carapace (paratype, RUGDMF No. 283).
x78; 13. Internal view of male left valve (holotype, RUGDMF No. 282). x70.
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Material. —Nineteen complete carapaces and 23 open valves.

Diagnosis.—Carapace subrectangular in lateral outline; ventral margin slightly concave in
middle; valve surface ornamented by distinct reticulation and five ridges, two spriging from the
eye tubercle, three longitudinal.

Description—Sexual dimorphism pronounced, males being more elongate, less high and wide
than females. Carapace subrectangular in lateral outline, with greatest height at anterior cardinal
angle; left valve slightly over-reaches right valve in region of anterior cardinal angle and postero-
dorsal slope. Dorsal margin straight, concealed posteriorly by overhanging ridge; ventral margin
slightly concave near middle; anterior margin broadly rounded, with 20-21 minute denticles;
posterior margin concave in upper part and convex in lower, with 2-3 denticles. In dorsal view
carapace rather compressed, maximum width posterior to middle in females and near middle in
males. Eye and subcentral tubercles present. Surface of each valve ornamented by distinct reticula-
tion and ridges; two ridges springing from the eye tubercle, one forming a high rim along the
anterior, ventral and lower part of posterior margins and bearing 6 and 3 nodes along anterior and
posterior margins respectively, the other curves sharply round and meets the subcentral tubercle.
There are three longitudinal ridges, dorsal, median and ventral; the dorsal ridge originates a little
below eye tubercle, making an arc overhangs part of margin and then turns downward at right
angles in the posterodorsal region; the median ridge runs posterior to the subcentral tubercle and
meets dorsal ridge; the ventral ridge starts from the anteroventral region and slopes up posteriorly.

Inner lamella of moderate width; line of concrescence and inner margin coincide; selvage at
some distance from outer margin in right valve, and peripheral in left valve; a distinct flange
groove in right valve. Marginal pore canals simple, straight and about 17-18 along anterior margin;
Hinge amphidont/heterodont. Eye sinus present.

Remarks.—Stigmatocythere (Stigmatocythere) quilonensis n. sp. resembles Stigmatocythere
(Stigmatocythere) chaasraensis (Guha, 1961) in outline and surface ridge pattern but differs in
having a distinctly reticulated surface. The latter species is devoid of reticulation and appears to be
the ancestral form of S. (S.) quilonensis.

Subgenus BHATIACYTHERE n. subgen.

Etymology.—The subgenus is named in honour of Dr. S. B. Bhatia, Professor of Geology,
Panjab University, Chandigarh, India.

Diagnosis.—Stigmatocythere with reversal of overlap and hinge structure; right valve larger
than left valve; hinge amphidont/heterodont; in left valve consisting of projecting anterior tooth,
a postjacent anteromedian socket, followed by a posteromedian groove and then a projecting
reniform posterior tooth; hinge complementary in the right valve.

Type species.—Stigmatocythere (Bhatiacythere) reversa Khosla, 1976.

Stratigraphic range.—Oligocene to Lower Miocene.

Remarks.—The subgenus occurs commonly in the Oligocene-Lower Miocene beds of Kachchh
and the Lower Miocene beds of Kerala and Saurashtra of India. It is represented by the following
species:

Stigmatocythere (Bhatiacythere) arcuata n. sp.

S (B.) interrupta n. sp.

S.(B.) rete n. sp.

S.(B.) reversa Khosla, 1976

S.(B.) spinosa n. sp.

Another unpublished species which belongs to this subgenus is Stigmatocythere (Bhatiacythere)
bermotiensis recorded by Pant (1981) from the Oligocene beds of Kachchh, India.



Stigmatocythere from Quilon Beds of India 115

STIGMATOCYTHERE (BHATIACYTHERE) ARCUATA 1. Sp.
(PL 1, figs. 11-13)

Etymology.—From the Latin arcuatus, arch; with reference to the arc-shaped dorsal ridge.

Type.—Holotype, a male left valve, RUGDMF No. 282 (Pl. 1, figs. 11, 13; L. 600 zm; H. 370
pm) from Sample S/19, 40.54-46.63 metres below the surface, bluish-grey sticky fossiliferous clay,
Quilon beds, Lower Miocene, Sankaramangalam well 4, Kerala, India.

Illustrated specimen.—Paratype, a complete female carapace, RUGDMF No. 283 (Pl 1, fig.
12; L. 590 um; H. 390 um; W. 310 um).

Material —Three complete carapaces and 3 open valves,

Diagnosis.—Valve surface ornamented by two ridges springing from eye tubercle; three longi-
tudial ridges, dorsal, median and ventral; dorsal ridge making a broad arc overhangs margin;
two small oblique ridges between median and ventral ridges; rest of surface with indistinct reticula-
tion.

Description.—Sexual dimorphism distinct, males being more elongate, less high and wide than
females. Carapace subrectangular in lateral outline, with greatest height at anterior cardinal angle;
right valve slightly larger than left valve, overlapping at anterodorsal and posteroventral margins.
Dorsal margin partly concealed by overhanging ridge, otherwise straight, sloping down posteriorly;
ventral margin concave; anterior margin broadly rounded and fringed with 13-14 short spines;
posterior margin concave in upper part and convex in lower part, with 4-5 spines. In dorsal view
carapace rather compressed, maximum width posterior to middle. Eye and subcentral tubercles
distinct. Surface of each valve ornamented by two ridges springing from the eye tubercle, one forms
a high rim along the anterior margin and also continues along the ventral and posterior margins,
the other turns sharply to the subcentral tubercle where it recurves and runs anteriorly. There are
three longitudinal ridges, dorsal, median and ventral. The dorsal ridge originates a little below the
eye tubercle and, making a broad arcoverhangs the margin; in the posterodorsal region it turns
downward at right angle and bears three distinct nodes. The median ridge is short, runs posteriorly
to the subcentral tubercle and does not join the dorsal ridge. The ventral ridge starts in the antero-
ventral region and slopes up posteriorly. There are two small oblique ridges between the median
and ventral ridges. The rest of the surface is smooth or with indistinct reticulation.

Inner lamella of moderate width; line of concrescence and inner margin coincide; selvage near
periphery in right valve and at some distance from outer margin in left valve; a distinct flange groove
in left valve along anterior and ventral margins. Marginal pore canals simple and straight, about
19-21 along anterior margin and 8-9 along posterior margin. Hinge amphidont/heterodont; in left
valve it consists of an anterior tooth, a postjacent anteromedian socket, followed by a postero-
median groove and then a posterior tooth; hinge complementary in right valve. Eye sinus present.

Remarks.—Stigmatocythere (Bhatiacythere) arcuata n. sp. resembles Stigmatocythere (Bhatia-
cythere) reversa Khosla, 1976; in outline and overall surface ornamentation, but differs in the ab-
sence of reticulation and presence of an arcuate dorsal ridge. The present species appears to have
evolved from the latter species.

Occurrence.—This species has only been recorded from the Sankaramangalam section.

STIGMATOCYTHERE (BHATIACYTHERE) INTERRUPTA n. Sp.
(Pl. 2, figs. 1-4)
Etymology.—From the Latin interruptus, broken apart; with reference to the break in the dorsal
ridge.
Type.—Holotype, a male left valve, RUGDMF No. 284 (Pl. 2, figs. 1, 4; L. 600 um; H. 350 um)
from Sample S/14, 68.88-71.02 metres below surface, bluish-grey sticky clay with hard fossiliferous
limestone, Quilon beds, Lower Miocene, Sankaramangalam well 4, Kerala, India.
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Illustrated specimen.—Paratype, a female right valve, RUGDMF No. 285 (PL. 2, figs. 2, 3; L.
590 gm; H. 390 um).

Material.—Twenty-one complete carapaces and 40 open valves.

Diagnosis.—Valve surface ornamented by two ridges springing from the eye tubercle and four
longitudinal ridges of which two are dorsal, one median and one ventral. Rest of surface either
smooth or with indistinct reticulation.

Description.—Sexual dimorphism distinct, males being more elongate, less high and wide than
females. Carapace similar to Stigmatocythere (Bhatiacythere) arcuata n. sp. in outline. Anterior
margin fringed with 13-14 spines and posterior margin with 4-5 spines. Eye and subcentral tuber-
cles present. Surface of each valve ornamented by two ridges springing from the eye tubercle, one
forms a high rim along the anterior, ventral and posterior margins, the other turns sharply round
to the subcentral tubercle where it recurves and runs anteriorly. There are four longitudinal ridges,
of which two are dorsal, one median and one ventral. The upper dorsal ridge originates a little
below the eye tubercle and runs up to the mid-dorsal margin; the lower dorsal ridge extends from
the posterodorsal corner of the subcentral tubercle to the dorsal margin where it overhangs part
of margin, and then turns downward at right angles in the posterodorsal region and bears three
nodes. The median ridge runs posteriorly to the subcentral tubercle and does not join the lower
dorsal ridge. The ventral ridge starts in the anteroventral region and rises posteriorly. The rest of
the surface is either smooth or with indistinct reticulation.

Inner lamella of moderate width; line of concrescence and inner margin coincide; selvage near
periphery in right valve and at some distance from outer margin in left valve; flange groove present
along anterior, ventral and lower part of posterior margins in left valve. Marginal pore canals
simple and straight, about 18-20 along anterior margin and 8-10 along posterior margin. Hinge
amphidont/heterodont. Eye sinus present.

Remarks.—This species resembles Stigmatocythere (Bhatiacythere) reversa Khosla, 1976, in
overall shape and surface ornamentation. It differs, however, in having two dorsal ridges instead
of a single dorsal ridge and in lacking distinct reticulation. The species may have evolved from S.
(B.) reversa.

Occurrence.—S. interrupta occurs in all the sections studied.

STIGMATOCYTHERE (BHATIACYTHERE) RETE n. Sp.
(PL. 2, figs. 5-8)
Etymology.—From the Latin rete, net; with reference to the surface ornamentation.
Type.—Holotype, a female right valve, RUGDMF No. 286 (PL. 2, fig. 5; L. 630 um; H. 410 um)
from Sample PR/4, bluish-grey, soft fossiliferous calcareous clay, Quilon beds, Lower Miocene,
Paravur, Kerala, India.
Hllustrated specimen.—Paratype 1, a male right valve, RUGDMF No. 287 (PL. 2,fig. 6; L. 690 um;

PLATE 2—Figs. 1-4. Stigmatocythere (Bhatiacythere) interrupta n. sp. 1. Lateral view of male left valve (holotype,
RUGDMF No. 284). x77; 2. Dorsal view of female right valve (paratype, RUGDMF No. 285). x78;
3. Lateral view of female right valve (paratype, RUGDMEF No. 285). x76. 4; Internal view of male left
valve (holotype, RUGDMF No. 284). x 73.

Figs. 5-8. Stigmatocythere (Bhatiacythere) rete n. sp. 5. Lateral view of female right valve (holotype, RUGDMF
No. 286). x71; 6. Lateral view of male right valve (paratype I, RUGDMF No. 287). X 70; 7. Dorsal view
of complete male carapace (paratype II, RUGDMF No. 288). x68; 8. Internal view of female right valve
(paratype III, RUGDMF No. 289). x 75.

Figs. 9-10. Stigmatocythere (Bhatiacythere) reversa Khosla. 9. Right valve view of female complete carapace
(RUGDMF No. 290). x 68; 10. Internal view of female left valve (RUGDMF No. 291). x 80.

Figs. 11-13. Stigmatocythere (Bhatiacythere) spinosa n. sp. 11. Lateral view of left valve (holotype, RUGDMF
No. 292). x75; 12. Dorsal view of complete carapace (paratype, RUGDMF No. 293). x75; 13. Internal
view of left valve (holotype, RUGDMF No. 292). x 80.
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H. 390 ym). Paratype II, a complete male carapace, RUGDMF No. 288 (Pl. 2, fig. 7; L. 680 um;
H. 370 zm; W. 290 um). Paratype III, female right valve, RUGDMF No. 289 (PL. 2, fig. 8; L. 640
pum; H. 410 um).

Material —Forty complete carapaces and 33 open valves.

Diagnosis.—Valve surface ornamented by strong reticulation, reticule meshes arranged con-
centrically; two ridges spring from the eye tubercle; three longitudinal ridges of which the median
is the least distinct.

Description.—Sexual dimorphism distinct, males being more elongate less high and wide than
females. Carapace similar to Stigmatocythere (Bhatiacythere) arcuata n. sp. and Stigmatocythere
(Bhatiacythere) interrupta n. sp. in outline; anterior margin fringed with 16-18 spines, posterior
margin with 4-5 spines. Eye and subcentral tubercles present. Surface of each valve ornamented
by strong reticulation, reticule meshes arranged concentrically, Two ridges spring from the eye
tubercle, one forms a high rim along the anterior and ventral margins, the other turns sharply round
to the subcentral tubercle and then curves round to run anteriorly. A dorsal ridge originates a little
below the eye tubercle, making an arc overhangs part of the margin, turns downward at right
angle in the posterodorsal region and bears three nodes; the less distinct median ridge runs po-
sterior to the subcentral tubercle and does not join the dorsal ridge; the ventral ridge starts from
the anteroventral region and rises posteriorly.

Inner lamella moderately wide along anterior margin and narrow along ventral and posterior
margins; line of concrescence and inner margin coincide; selvage near periphery in right valve and
at some distance from outer margin in left valve; a distinct flange groove in left valve, Marginal
pore canals simple and straight, about 20-22 anteriorly and 7-8 posteriorly. Central muscle scars
as for the genus. Hinge amphidont/heterodont.

Remarks.—This species resembles Stigmatocythere (Bhatiacythere) reversa Khosla, 1976 in
overall outline and surface ornamentation but differs in having strong reticulation, a weak median
ridge and in the lack of an inclined ridge extending downward from the middle of the dorsal ridge.
This species may have evolved from S. (B.) reversa.

Occurrence.—S. rete occurs in all the four sections.

STIGMATOCYTHERE (BHATIACYTHERE) REVERSA Khosla, 1976
(Pl. 2, figs. 9, 10)
Stigmatocythere reversa KHosLA, 1976, p. 137, 138, PI. 1, figs. 1-6; KuosLA, 1978, p. 271, PL. 5, figs. 3-5;
Pl 6, fig. 17.

Hlustrated specimens.—A complete female carapace, RUGDMF No. 290 (Pl 2, fig.9; L.
620 um; H. 390 um; W. 350 zm). A male left valve, RUGDMF No. 291 (PL. 2, fig. 10; L. 640 um;
H. 390 ym).

Diagnosis.—A species characterised by sparse reticulation, the edges of reticule meshes being
raised in low ridges giving rugged appearance; two ridges originate from the eye tubercle; three
longitudinal ridges, dorsal, median and ventral, first two not joining posteriorly; a short inclined
ridge extends from the middle of the dorsal ridge towards the subcentral tubercle.

Remarks.—The present specimens from Kerala are identical with the types described by Khosla
(1976) from the Lower Miocene beds of Saurashtra. The species has also been recorded from the
Lower Miocene beds of Kachchh by Mehra (1980).

Occurrence.—S. reversa occurs commonly in all the four sections.

STIGMATOCYTHERE (BHATIACYTHERE) SPINOSA 1. SP.
(Pl 2, figs. 11-13)
Etymology.—From the Latin spinosus, spine; with reference to the surface spines.
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Type.—Holotype, a left valve, RUGDMF No. 292 (PI. 2, figs. 11, 13; L. 590 um; H. 290 um)
from Sample S/15, 64.92-68.88 metres below the surface, bluish-grey clay with fossiliferous lime-
stone, Quilon beds, Lower Miocene, Sankaramangalam well 4, Kerala, India.

Hlustrated specimen.—Paratype, a complete carapace, RUGDMF No. 293 (Pl. 2, fig. 12; L. 570
pm; H. 350 um; W, 270 um)

Material —Four complete carapaces and 3 open valves.

Diagnosis.—Valve surface ornamented by two ridges springing from the eye tubercle; dorsal and
median line of ornamentation composed of spines/nodes, ventral a low ridge terminating ina spine;
a crescent-shaped depression occurs posterior to the subcentral tubercle; rest of surface smooth.

Description.—Carapace similar to other species of the subgenus recorded herein. Anterior mar-
gin fringed with 13-14 spines and posterior with 3-4 spines. Eye and subcentral tubercles well de-
veloped. Valve surface ornamented by ridges and spines/nodes. Two ridges spring from the eye
tubercle. One forms a high marginal rim along the anterior, ventral and posterior margins and
above the anterior margin it bears 7 minute spines/nodes. The other ridge is small, curves down-
ward and does not reach the subcentral tubercle. Dorsal and median lines of ornamentation com-
posed of spines/nodes, two spines/nodes in the dorsal row, both extending beyond margin and
three spines/nodes in the median row. The ventral line of ornamentation consists of a low ridge
terminating in a spine. A crescent-shaped depression occurs posterior to the subcentral tubercle
and the rest of the surface is smooth.

Inner lamella of moderate width; line of concrescence and inner margin coincide; selvage near
periphery in right valve and at some distance from outer margin in left valve. Marginal pore canals
simple and straight, about 24-26 along anterior margin and 13-15 along posterior margin. Hinge
amphidont/heterodont. Eye sinus present.

Remarks.—This species clearly differs from other species of the subgenus Bhatiacythere in having
dorsal and median lines of ornamentation composed of spines/nodes, instead of complete ridges.

S. spinosa appears to have evolved from Stigmatocythere (Bhatiacythere) interrupta n. sp.

Occurrence.—This species occurs only in the Sankaramangalam well.
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DiSCUSSION

Lundin: In those which show reversal of overlap, do all specimens of each population show it
or is it true for only some specimens?

Khosla: All specimens of each population show reversal of overlap and hinge structure without
any exception.

Krstic: You are talking not only about reverse overlapping, but about reversed hingement
also. Are the populations with reversed specimens controlled by the palacochemistry of the envi-
ronment, or something of that sort?

Khosla: I don’t know.



On Ostracod Biofacies and Five New Genera in Korean Seas

KAE-LIM CHOE
Marine Geology Division, Korea Institute of Energy and Resources, Seoul, Korea

ABSTRACT

Out of 200 samples, a total of 222 species in 96 genera were recognized. Based on the composi-
tion and distribution of the ostracod fauna, 4 biofacies and 6 subdivisions were recognized. Five
genera: Semidarwinula, Ekpectocythere, Paikcythere, Chejucythere, Gamagyangnella, and 5 species
are described as new.

INTRODUCTION

I present the first report on ostracods of Korea and furnish a foundation for biological and
palacontological study of Korean ostracods. The Korean Peninsula is located so close to China
and Japan that a considerable number of species occur in common. Therefore the study of Korean
ostracods will contribute to the biogeographical study of East Asia.

GENERAL FEATURES OF THE STUDY AREA

The epicontinental Yellow Sea is shallow and rather flat, and deepens progressively towards
the southeast (Text-fig. 1). The western part of the Yellow Sea is bordered by the deltas of both
the Hwangho and Yangtze Rivers. The eastern coast is characterised by tidal flats.

In the southwestern part of the study area the bottom cold water of low salinity originating
from the Yellow Sea flows to the South Sea (Kim, 1980). A branch of the Kuroshio Current,
identified by its high temperature, high salinity and low dissolved oxygen, enters the Cheju Strait
from the south (Kim, 1980).

The southern ria-type coast of the peninsula is characterised mostly by post-glacial rocky
embayments. The relatively flat nearshore shelf of the South Sea deepens to 90 m toward the
south and the bottom of the outer shelf stretching over Cheju Strait is characterised by a steep
slope with a number of isolated depressions.

The East Sea deepens abruptly seaward forming a narrow continental shelf. The shoreline is
largely straight. The Kuroshio Current passes toward the East Sea through the Cheju and Korea
Straits whilst the North Korean cold water flows towards the south along the eastern coast.

The study area occupies the continental shelf off the south coast, the inner shelf off the eastern
coast near Jugbyun, Gyunggi Bay and Gamagyang Bay.
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TexT-FiG. 1-—Bathymetric chart.

The fine-grained sediments in the broad western part of the Yellow Sea are derived mainly from
the Chinese rivers (Text-fig. 2). Sediments in the narrow eastern part originate largely from the short
rivers of Korean Peninsula and are coarse-grained (Chough, 1983). In Gyunggi Bay, the sediments
become, in general, finer toward the bay margin. The influence of the Kuroshio Current in trans-
porting sediments into the Yellow Sea is minimal. Dispersal of these sediments in the eastern
Yellow Sea is dominated by a clockwise nearshore current in winter and a counterclockwise trend
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TexT-FIG. 2—Distribution of the bottom surface sediments.

in summer (Chough and Kim, 1981).

Muddy sediments are dominant in the southwestern area except in the nearshore area and
around the islands where strong tidal currents winnow away fine materials. Sandy sediments
prevail in the outer part of the shelf in response to winnowing of finer sediments by the Kuroshio

Current.

On the southeastern shelf, fine-grained sediments are restricted to the nearshore inner shelf for-
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ming a band parallel to the coastline. Sediment distribution in this area is controlled by a
current which winnows away finer materials into deeper water (Chough, 1983). Thus sediments
become coarser toward the outer shelf,

Gamagyang Bay, which is located on the ria-type southern coast, is connected in the south
to the South Sea. The bay is relatively shallow (mean depth about 9 m). The northern part of
the bay is covered with mud and the southern part with sandy mud. Sedimentation is dominated

by tidal currents with no significant sediment contributed by the surrounding drainage area
(Chough, 1983).

DISTRIBUTION OF KOREAN OSTRACODS

Ninty-six genera and 222 species of ostracods were recognized in the total 200 samples. All sam-
ples were collected using a grab-sampler. The systematic descriptions of them have been com-
pleted by Choe (1985): Eighty-nine genera and 97 species of them are already known and 5
genera and 54 species are considered to be new; two genera and 71 species are described under
open nomenclature. Five new genera will be described horein.

In general, the composition of the ostracod fauna in this study area is closely related to that of
Japanese late Cenozoic. The distribution of the ostracod fauna seems to be controlled largely by
environmental factors (mainly water currents) and by geographical barriers.

Based on the composition and distribution of ostracod fauna, the following four biofacies and
six subdivisions are recognized in the study area (Text-fig. 3).

A) Tidal flat Gyunggi Bay Biofacies

B) Inner shelf East Sea Biofacies

C) Gamagyang Bay Biofacies

1) Inner bay area
2) Outer bay area
D) Continental shelf South Sea Biofacies
1) Nearshore area
2) Off-shore Cheju and Tsushima Straits area
3) Epicontinental western area
4) Northeastern area

Although Gyunggi Bay is connected on the west to the Yellow Sea, the composition of the
ostracod fauna of Gyunggi Bay and of the southeastern part of the Yellow Sea are different from
each other. Warm water species are completely absent in the Gyunggi Bay and the fauna is char-
acterised by abundant endemic species and by the dominance of Aglaiocypris sp. Ostracods are
extremely rare, but the distribution of ostracod fauna is uniform.

The ostracod fauna in the southeastern part of the Yellow Sea includes members of both the
Chinese and of Japanese ostracod fauna, and is characterised by the low density of ostracod
specimens and low species diversity in both the off-shore and nearshore types of species. The fauna
seems to be a southward extension of the Yellow Sea fauna. This areais characterised by the
dominance of Metacytheropteron sp.

The nearshore area along the southern coast of the Korean Peninsula is characterised by high
species diversity and high density of ostracod specimens as well as by the dominance of near-
shore type species Bicornucythere bisanensis (Okubo, 1975).

The off-shore Cheju and Tsushima Straits area is characterised by the dominance of off-shore
types of species which occur commonly in the East China Sea. The ostracod fauna in this area is
closely related to the Japanese and southeast Asian fauna, whereas the bay type, the inner shelf
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TexT-FIG. 3—Four biofacies and 6 subdivisions based on the composition and distribution of ostracod fauna.

type and the characteristic Yellow Sea fauna are found sparsely. No cold-water types of species
occur in this area. Dominant species in this area is Cytherelloidea senkakuensis Nohara, 1976
and Macrocypris sp.

Cold water types of species occur simultaneously with the warm water types of species in the
southern part of the East Sea near Ulsan,

The ostracod fauna in the East Sea near Jugbyun is composed of cold water types of species and
is related to the Japanese cold water fauna of North Honshu and the Kuril Islands. The southeast



126 K.-L. CHOE

Asian and Chinese faunas are not found in this area. Palmenella limicola (Norman, 1865) and
Robertsonites sp. 1 are dominant species in this area.

Gamagyang Bay is characterised by the dominance of bay types of species Spinileberis quadri-
aculeata (Brady, 1880). Few off-shore types of species occur in the outer bay area influenced by
the influx of the open sea water.

SYSTEMATIC DESCRIPTION OF FIVE NEw GENERA

Order PopocoPIDA Sars, 1866
Suborder PopocoPiNA Sars, 1866
Superfamily DARWINULACEA Brady and Norman, 1889
Family DARWINULIDAE Brady and Norman, 1889
Genus SEMIDARWINULA n. gen,

Type-species.—Semidarwinula terraenuxforma n. sp.

Diagnosis.—Darwinulidae with reticulate surface and broader anterior margin than posterior
in lateral view.

Remarks.—Characteristic muscle scar of rosette type, simple hinge and no marginal zone
suggest that the genus is related to Darwinulidae, in spite of the apparent difference in surface
ornamentation. The new genus is distinguishable from both Darwinula Brady and Robertson, 1885
and Darwinuloides Mandelstam, 1956 by its reticulate surface and broadly rounded anterior mar-
gin in lateral view. Although more detailed anatomy of appendages is desirable to clarify the
relationship between these genera, difference in surface ornamentation and lateral outline is so
distinct as to discriminate this new genus from other genera of Darwinulidae.

SEMIDARWINULA TERRAENUXFORMA 1. $p.
(Pl 1, figs. 1, 2, 3)

Etymology.—from ‘“‘terraenux” [Latin, “peanut’]

Type.—Holotype, a complete carapace, PLKU-O-6 (Pl. 1, figs. 1, 2, 3; L, 420 um; H, 180 um;
W, 280 um), St. Jb-1.

Diagnosis.—A species of Semidarwinula n. gen. characterised by elongate, oblong outline, with
straight dorsal and medially concave ventral and obliquely rounded anterior margins. Left valve
larger than right. Muscle scar comprising eight elongate, radially arranged spots.

Description.—Shell small, elongate, oblong, highest at anterior cardinal angle. Left valve larger
than right. Anterior margin obliquely rounded, more broadly rounded than posterior. Dorsal

Piate 1—Figs. 1-3. Semidarwinula terraenuxforma n. gen. and n. sp. 1. Lateral view of right valve (PLKU-0-6),
x95; 2. Inner view of left valve (PLKU-O-6). xX95; 3. Muscle scar (PLKU-0-6). x 390,

Figs. 4-6, 15, 20. Paikcythere gyunggiensis n. gen. and n. sp. 4. Lateral view of right valve (PLKU-O-56). x 86;
5. Inner view of left valve (PLKU-0-55). X 86; 6. Inner view of right valve (PLKU-0-56). % 89; 15. Simple
normal pore (PLKU-0-55). x3720; 20. Hinge of left valve (PLKU-O-55). x137.

Figs. 7, 8, 17, 21. Chejucythere choughi n. gen. and n. sp. 7. Lateral view of left valve (PLKU-O-127). x82;
8. Inner view of left valve (PLKU-0-128). x96; 17. Dorsal view of a complete carapace (UMUT RA16973).
% 96; 21. Normal pore opening and surface ornamentation on posterocentral part of left valve (PLKU-O-
127). x 748.

Figs. 9, 10, 18. Ekpectocythere plana n. gen. and n. sp. 9. Lateral view of right valve (PLKU-0-47). x76;
10. Inner view of left valve (PLKU-0-47). X 67; 18. Hinge of left valve (PLKU-0-47). x 120.

Figs. 11-14, 16, 19. Gamagyangnella abei n. gen. and n. sp. 11. Lateral view of left valve (PLKU-0-253). x 57;
12. Lateral view of right valve (PLKU-0-252). x57; 13. Inner view of right valve (UMUT RA17079).

% 57; 14. Inner view of left valve (UMUT RA17078). x 57; 16. Muscle scars on right valve (UMUT
RA17079). x225; 19. Hinge of right valve (UMUT RA17079). x113.
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margin straight, ventral margin slightly concave at middle. Viewed dorsally, sides tapering acutely
toward anterior, and abruptly toward posterior. Greatest thickness in posterior half of carapace.

Along hinge margin dorsal edge of right valve fitting into shallow groove of left valve. Surface
reticulate. Adductor muscle scar field locating at anterior to mid-length. Muscle scar of rosette type,
consisting of eight elongate, radially arranged spots. Normal pores simple, few, located on muri.
No marginal infold.

Remarks.—This species is close to Darwinula malayica reported by Menzel (1923) in having
similarly arranged muscle scars, but the radical difference between the two species in surface
ornamentation and lateral outline suggests that the basic distribution pattern of muscle scars is a
relatively conservative character within the Family Darwinulidae.

Occurrence.—~—Two specimens were found at St. Jb-1.

Superfamily CYTHERACEA Baird, 1850
Family EUCYTHERIDAE Puri, 1954
Subfamily PECTOCYTHERINAE Hanai, 1957

Genus EKPECTOCYTHERE n. gen.

Etymology.—ek- [Greek, “out of”’] 4 Pectocythere

Type-species.—FEkpectocythere plana n. sp.

Diagnosis.——Pectocytherinae characterised by elongate subrectangular lateral outline, surface
without marginal ridge, broad marginal infold, narrow zone of concrescence, and by presence of
posterior projection. )

Remarks.—This genus differs from other pectocytherid genera in having a relatively thin cara-
pace, no marginal ridge on the surface, and a distinct posterior projection. Here it is tentatively
assigned to the Pectocytherinae because it possesses a pentodont hinge. In comparison with the
hinge of Pectocythere and Munseyella, in which antero- and postero-median teeth in left valve are
separated into upper and lower elements, the undivided teeth of this genus are characteristic.

Ekpectocythere is closely related to the genera Arcacythere Hornibrook, 1953, Tetracytherura
Ruggieri, 1952, and Dolocythere Mertens, 1956 in hinge structure, but the diagnostic characters
mentioned in the preceding lines will easily differentiate this genus from these genera. Large J-
shaped frontal scar, four adductor muscle scars, straight and few marginal pore canals, and cre-
scent shaped vestibule of the genus are all closely similar to those of Pectocythere, the type-genus
of the Pectocytherinae, but the unseparated antero- and posteromedian teeth in left valve, and
the thin carapace with a posterior projection and without a marginal ridge will serve as the dis-
tinguishable characters. Absence of marginal ridge, unseparated antero- and posteromedian teeth
in left valve, and four adductor muscle scars of the genus are similar to those of Dolocythere, but
the present genus differs in having anterior and posterior vestibules, J-shaped frontal scars and
a posterior projection.

EKPECTOCYTHERE PLANA n. Sp.
(PL 1, figs. 9, 10, 18; Text-figs. 4-2, 4-3)

Type.—Holotype, a complete carapace, PLKU-0-47 (Pl 1, figs. 9, 10, 18, figs. 4-2, 4-3; L,
590 um; H, 280 um), St, Jb-14.

Diagnosis.—An Ekpectocythere characterised by a smooth surface with faint wrinkles along the
periphery of the carapace, broadly, slightly and obliquely rounded anterior margin with marginal
fringe, and posterior angular projection.

Description—Carapace relatively thin, elongate subrectangular in lateral outline, highest at
the anterior cardinal angle, and with a posterior projection. Dorsal margin nearly straight. Ventral
margin concave at middle. Anterior margin broadly and obliquely rounded with marginal fringe.
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TEXT-FIG. 4—Internal views (scale: 200 um).
4-1. Paikcythere gyunggiensis n. sp., left valve (PLKU-O-55); 4-2. Ekpectocythere plana n. sp., right valve
(PLKU-0-47); 4-3. Ekpectocythere plana n. sp., left valve (PLKU-O-47); 4-4. Gamagyangnella abei n. sp.,
right valve (PLKU-0-252); 4-5. Chejucythere choughi n. sp., left valve (PLKU-0-127).

Posterior contact margin narrowly rounded. Posterior margin with posterior angular projection,
Viewed dorsally, sides nearly parallel and gently tapering toward each end. Surface smooth with
scattered punctations of normal pore canal openings and with faint wrinkles at the periphery of
the carapace. Hinge pentodont, left valve consisting of anterior and posterior sockets which open
interiorly, and a crenulate median bar. Anterior and posterior terminations of median bar swell
into knob-like projections which are not separated into upper and lower elements. Marginal infold
broad anteriorly, moderate posteroventrally and narrow posteriorly and ventrally. Vestibule
crescent shaped and deep anteriorly, and shallow posteroventrally, thus the zone of concrescence
is narrow along the entire free margin. Marginal pore canals short, simple, straight, moderate in
number, approximately ten along the anterior margin. Normal pore canals few, widely scattered.
Adductor muscle scars consisting of an oblique row of four scars with a large, of J-shaped frontal
scar.

Remarks.—Since Ekpectocythere is so far a monospecific genus, it is difficult to give a diagnostic
characters of the species. In the Pectocytherinae, however, the lateral outline of the carapace, the
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features observable on the carapace surface and of the marginal infold are usually considered as
specific characters.

Occurrence—Only one specimen occurs at St. Jb-14, of sandy mud bottom, 50 m deep.

Family LEPTOCYTHERIDAE Hanai, 1957
Genus PAIKCYTHERE n. gen.

Etymology.—In honor of K. H. Paik, Korea University.

Type-species.—Paikcythere gyunggiensis n. sp.

Diagnosis.—Carapace elongate ellipsoid in lateral view, highest at anterior cardinal angle,
with semicircular posteroventral tubercle and anterodorsal and dorsomedian sulci. Muscle scars
consisting of a vertical row of four adductor scars and a J-shaped frontal scar. Hinge of left valve
consists of a deep anterior socket, crenulate anteromedian groove, smooth posteromedian bar, and
deep and oblong posterior socket. Anteromedian groove gradually shallows and is connected to
the posteromedian bar at a point near middle of median hinge element. Anti-slip tooth lies at
anterior end of anteromedian groove. An anti-slip tooth like projection is present in front of the
anterior socket. Marginal infold broad anteriorly and moderate ventrally and posteriorly. Mar-
ginal pore canals polyfurcated. Vestibule present.

Remarks.—The characteristic hinge structure of Paikcythere mentioned in the diagnosis is dif-
ferent from hinges generally found in leptocytherids, but here the new genus is assigned to the
Leptocytheridae because of the general leptocytherid outline of carapace and polyfurcated mar-
ginal pore canals. Most genera of Leptocytheridae have a crenulate and two-fold median hinge
element, although in Amnicythere Devoto, 1965, median hinge element is smooth and not two-fold.
In Paikcythere the median hinge element is crenulate in its anterior half and smooth in its posterior
half. Both this character and the gradual change of anteromedian groove to posteromedian bar in
the left valve do not allow this new genus to be included in any other genus of Leptocytheridae.
The dorsal flange projects prominently above the anterodorsal groove, and merges posteriorly

into the posteromedian bar which appears as if it were the dorsal flange, which is a feature worth
describing.

PAIKCYTHERE GYUNGGIENSIS 1. Sp.
(PL. 1, figs. 4, 5, 6, 15, 20; Text-fig. 4-1)

Etymology.—Gyunggi Bay.

Type.—Holotype, a left valve, PLKU-O-55 (Pl. 1, figs. 5, 15, 20, fig. 4-1; L, 460 um; H, 210
um), St. Gg-81087; Paratype, a right valve, PLKU-0O-56 (Pl 1, figs. 4, 6; L, 0.43; H, 0.21),
St. Gg-81087.

Diagnosis.—Paikcythere characterised by a smooth surface with obtuse anterior ridges, com-
pressed antero- and posteromarginal areas, and elongate carapace with maximum height less
than half the length.

Description.—Carapace thin, elongate ellipsoid in lateral outline, highest at the anterior car-
dinal angle. Antero- and posteromarginal area flattened. Semicircular posteroventral tubercle and
ventral inflation distinct. Dorsal margin broadly convex. Ventral margin sinuate anterior to the
mid-length, and subparallel to the dorsal margin. Anterior margin broadly and obliquely rounded.
Posterior margin narrowly rounded and forming an obtuse posterior cardinal angle with the dorsal
margin, Ventral sinuation is obscured by ventral inflation. Viewed dorsally the carapace is spindle
shape, thickest posterior to the mid-length owing to the posteroventral tubercle, each end acute
owing to compressed anterior and posterior marginal areas. Surface smooth with anterodorsal
and dorsomedian sulci, two obtuse anterior marginal ridges, and faint anteroventral undulations.
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Inner anterior marginal ridge starting at anterior cardinal angle and terminating in the antero-
ventral area. Outer anterior marginal ridge shorter and lying at the middle of the anterior margin.
Anterodorsal groove running parallel to anterior marginal ridge, and diminishing ventrally at
one-third of the carapace height. Dorsomedian sulcus wedge-shaped, with inside minor ridge.
Hinge, muscle scars, marginal pore canals and vestibule as for the genus. Normal pore canals few,
widely scattered and of simple type.

Remarks.—1t is difficult to give diagnostic characters of the species of a monospecific genus.
In Leptocytheridae, the general outline and surface ornamentation of the carapace are generally
considered as specific characters, and hinge structures and characters of the marginal area as generic
characters.

Occurrence.—This species occurs at St. Gg-81087 of sandy mud bottom.

Family TRACHYLEBERIDIDAE Sylvester-Bradley, 1948
Subfamily BUNTONIINAE Apostolescu, 1961
Genus CHEJUCYTHERE n. gen.

Etymology.~—Cheju, name of island in Korean South Sea.

Type-species.—Chejucythere choughi n. sp.

Diagnosis.—Buntoniinae characterised by a small, thick carapace of reniform lateral outline,
sagittate in dorsal view, obtuse marginal rim along anterior, wide marginal infold without vestibule,
simple and numerous radiul pore canals and denticulate posterior margin. Hinge amphidont, right
valve with strong round. anterior tooth, postjacent deep socket, serrated posteromedian groove
and reniform posterior tooth. Muscle scars consisting of a vertical row of four closely spaced ad-
ductor muscle scars and a hook-shaped frontal scar.

Remarks.—This genus is closely related to the genera Harringtonia Bertels, 1975 and Phacorhab-
dotus Howe and Laurencich, 1958 in its dorsal outline of arrow-head shape, but the obtuse an-
terior and posterior margins will easily differentiate this genus from the other two genera which
are characterised by their sharp margin. Chejucythere resembles Ambocythere Van den Bold, 1957
in lateral outline, broad marginal infold, thick anterior marginal rim and numerous radial pore
canals, but differs in dorsal view and in the absence of a longitudinal ridge on the carapace sur-
face and a posteroventral projection or flange.

CHEJUCYTHERE CHOUGHI 1. SP.
(PL. 1, figs. 7, 8, 17, 21; Text-fig. 4-5)

Etymology.—Named in honor of S. K. Chough, Seoul National University.

Type.—Holotype, a left valve, PLKU-O-127 (PL. 1, figs. 7, 21, fig. 4-5; L, 460 um; H, 260 zm),
St. J-31; Paratype, a left valve, PLKU-O-128 (Pl 1, fig. 8; L, 440 um; H, 240 um), St. J-32; a
complete carapace, UMUT RA16973 (Pl. 1, fig. 17; L, 430 um; H, 240 um; W, 190 um), St. J-30.

Diagnosis.—A Chejucythere with feeble reticulation and sieve-like micropunctation on the fossae.

Description.—Carapace thick, reniform in lateral outline, highest at the anterior cardinal
angle. Anterior margin broadly rounded with thick anterior marginal rim. Gently arched dorsal
margin and slightly concave ventral margin convergent posteriorly. Posterior margin narrowly
rounded with approximately seven denticles. Viewed dorsally, sagittate with obtuse and compressed
anterior and posterior ends, widest posteromedially. Surface feebly reticulate with thick, smooth
anterior marginal rim and marginal furrow just behind marginal rim. Almost smooth surface
except for anterior marginal rim and on muri characterised by sieve-like micropunctation. Hinge
amphidont of genus, posteromedian hinge bar faintly serrated anteriorly in left valve. Marginal
infold broad anteriorly, moderate posteriorly, without vestibule. Radial pore canals simple, nearly
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straight, approximately 35 along anterior margin. Muscle scars as for genus. Normal pore canal
openings moderate in number, scattered, consisting of two types: simple and sunken sieve types,
situated on muri. Eye tubercle obscure.

Remarks.—Since Chejucythere is so far a monospecific genus, it is difficult to give diagnostic
characters of the species. In Buntoniinae the detailed hinge structure, lateral outline of the cara-
pace and the features observable on the carapace surface and in the marginal infold are generally
used as a specific characters.

Occurrence.—This species occurs at St. Soh-29, J-30, J-31, Soh-14, eJ-9, eJ-72 and eJ-76, asso-
ciated with a sandy mud to medium-grained sand bottom, 85 to 110 m deep.

Family Uncertain
Genus GAMAGYANGNELLA n. gen.

Type-species.—Gamagyangnella abei n. sp.

Diagnosis.—Elongate subtriangular carapace with smooth surface. Subacutely tapered post-
erior margin with caudal process. Hinge of right valve with elongate anterior socket, narrow and
smooth median groove and posterior tooth. Posterior tooth serrate, consisting of four toothlets
which become smaller posteriorly. Left valve with complementary hinge elements. Muscle scars
consist of an oblique row of four adductor scars, a crescent-shaped frontal scar, two mandibular
scars and several dorsal scars. Marginal infold broad anteriorly, moderate posteriorly and post-
eroventrally. Radial pore canals polyfurcate, moderately numerous.

Remarks.—Gamagyangnella has a certain similarity to Javanella Kingma, 1948, in external
appearance, but the presence of a posterior tooth and the absence of an anti-slip tooth in the
right valve and polyfurcate marginal pore canals easily differentiate Gamagyangnella from the latter,
To my knowledge, the hinge structure of this genus seems to be completely different from known
genera.

(GAMAGYANGNELLA ABEI 1, Sp.
(Pl 1, figs. 11, 12, 13, 14, 16, 19; Text-fig. 4-4.)

Etymology.—Named in honor of K. Abe, University of Tokyo.

Type.—Holotype, a right valve, PLKU-0-252 (Pl 1, fig. 12, fig. 4-4; L, 620 um; H, 300 zm),
St. G-75; Paratype, a left valve, PLKU-0-253 (PL. 1, fig. 11; L, 640 um; H, 320 #m), St. G-75;
a left valve, UMUT RA17078 (Pl 1, fig. 14; L. 650 um; H, 310 um), St. G-75; a right valve,
UMUT RAI17079 (Pl 1, figs. 13, 16, 19; L, 640 um; H, 310 um), St. G-75.

Diagnosis—Gamagyangnella with smooth surface, keel-like feeble ventrolateral edge, caudal
process in lower part of posterior margin.

Dscription.—Carapace thin, elongate subtriangular in lateral view. Anterior margin obliquely
broadly rounded. Dorsal margin nearly straight with slight sinuation posterodorsally. Ventral
margin broadly rounded in left valve, slightly sinuate anterior of the middle in the right valve.
Dorsal and ventral margins taper towards rear. Posterior margin subacutely tapered, its upper
margin straight. Caudal process distinct, in the lower part of the posterior margin. Viewed dorsally,
sides parallel, tapering gently toward each end. Surface smooth. Keel-like ventrolateral edge
developing somewhat feebly, parallel to ventral margin. Hinge structure and muscle scar pattern
as for the genus. Marginal infold broad anteriorly, moderate posteroventrally and posteriorly.
Vestibule deep anteriorly, shallow posteroventrally and posteriorly. Marginal pore canals moder-
ately numerous, somewhat densely spaced anteroventrally, polyfurcate, especially in the anterior
region. Normal pore canals moderate in number, evenly distributed. Four to five small denticles
present below the ventral selvage. Eye tubercle and sexual dimorphism indiscernible.
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Remarks.—Since Gamagyangnella is so far a monospecific genus, it is difficult to give a diagnos-
tic character of the species.
Occurrence.—The species occurs at St. G-75 and S-17, of mud bottom, 21.5 to 75 m deep.

ACKNOWLEDGEMENTS

The writer expresses her sincere gratitude to Emeritus Professor T. Hanai of the University of
Tokyo, who gave his invaluable advice and continuous encouragement. Gratitude is also expressed
to Professor I. Hayami and other colleagues of the University of Tokyo for their advice and dis-
cussion. Deep appreciation is also expressed to Professor K. H. Paik of Korea University and
Professor S. K. Chough of Seoul National University for kindly providing samples, valuable data
and comments. Professor Y. A. Park of Seoul National University, Dr. S. W. Kim of Korea In-
stitute of Energy and Resources and Dr. S. K. Chang of Korea Ocean Research and Development
Institute kindly permitted the use of the samples. The writer deeply appreciates the kindness of
Dr. K. Abe of the University of Tokyo who aided her in innumerable ways in the laboratory and
offered the needed help throughout this study.

REFERENCES

CHOE, K.L. 1985. Recent Marine Ostracoda of Korea. (Unpublished Doctoral dissertation, University of Tokyo).

CHOUGH, $.K. 1983. Marine Geology of Korean Seas, 157 pp. D. Reidel Publishing Company, Dordrecht, Holland.

—— and KM, D.C. 1981. Dispersal of fine-grained sediments in the southeastern Yellow Sea: A steady-state model.
Jour. Sed. Petrol. 51, 721-728.

KIM, K. 1980. Ocean Currents in the Southwestern Sea off Korea. Tech. Rept. Seoul National Univ., Seoul, Korea,
23pp.

MENZEL, R. 1923. Beitrage zur Kenntnis der Mikrofauna von Niederlandisc Ostindien. V. Moosbewohnende Ostra-

coden aus dem Urwald von Tjibodas. Treubia, 3, (2), 193-196.



This Page Intentionally Left Blank



On the Recent Aurila Species from Japan*

Icniro OxUBO
Shujitsu Joshi University, Okayama, Japan

ABSTRACT

The copulatory organ of the genus Awrila is composed of two parts. The distal part is made
up of three structures: the clasping apparatus with the finger guard, an “ejaculatory duct” and
a “holding plate”. The last two are characteristic of the species and show no variation within a
species. Therefore, they are good characters for the discrimination of species.

The usefulness of the copulatory organ in identifying species is shown, taking the species of
Aurila as an example. Recent Aurila species from Japan have been examined mainly on the basis
of the valves so that some of them are misnamed. Synonyms of A. cymba, A. hataii, A. munechikai
and others are corrected in part, and a new checklist for the recent species of Aurila reported be-
fore 1982 is proposed. .

Two new species, Aurila okayamensis sp. nov. and A. ikeyai sp. nov., are described. Both
species were formerly called A. hataii. One further new species remains unnamed because its valves
have not yet been examined.

INTRODUCTION

The valve is important for the study of ostracods. Moreover, it is generally the only material
that palaeontologists have to work with. Some investigators, therefore, are liable to identify even
Recent species by their valves alone. As the valves within one genus are similar in the shape
to each other, identification based solely on the valves has sometimes been responsible for mis-
judgments.

The male copulatory organ is useful in identifying species. It is characteristic of a species,
showing no variation within one species. Furthermore, it is often large enough to examine. When
valves deposited on the sea floor are inspected, living specimens should be searched for nearby.

Incidentally, searching for the living ostracods will enable us to establish their real “‘occurrence”.
Valves in bottom sediments may be deposited by tidal currents or by chance. The known occurrence
of most Japanese species is reported as sand-mud, though a relatively few species may be found
alive in sand-mud.

The genus Aurila includes more than ten species, which inhabit coastal areas throughout
Japan. Living specimens can be assembled with ease, but few have been utilized. As Aurila species
have been identified mainly by their valves, there is some confusion about their specific identi-
fication. I have collected some species from the type localities and elsewhere, and traced the
relationship of the specific identification.

* Marine Ostracoda of Japan—4

135



136 1. Oxuso

I wish to express my thanks to Mr. Okamura of JEOL Ltd. for taking the scanning electron
microscope photographs.

MALE CoOPULATORY ORGAN OF Aurila SPECIES

The copulatory organ of the genus Aurila is composed of a basal part and a distal part. The
basal part, being homologous to the peniferum figured by Hart and Hart (1969), is a round, mem-
brane-like plate. It is bordered by the cardos and the zygum, and connects with the tropis and
sterinx. At its lower centre there is a small structure like the penis of Entocythere which connects
with the finely-striped spermatic tube.

The distal part is made up of three structures which are separated from the basal one. A heavily-
sclerotized, complicated one near the base may be the clasping apparatus with the finger guard,
because it has the horizontal ramus with denticles and the rod-shaped projection of a finger guard.
The duct is two-segmented and heavily sclerotized. Hart and Hart called such a duct the sper-
matic tube in the copulatory organ of their Hemicythere. However, it does not seem to be homo-
logous with the spermatic tube of Entocythere because it follows the “penis”. It may play a role in
ejaculating sperm from the penis. The plate is made up of two membranes that are pasted along
both margins. The inner membrane articulates with the clasping apparatus and the outer one with
the peniferum. Two groups of ‘“‘muscles” on the peniferum focus on these joints. This plate is
situated outside the duct, and would function in holding down the female during the copulation.

It is difficult to compare the copulatory organ of Aurila with that of Entocythere, before many
kinds of ostracods have been examined. It seems, however, that the duct and the plate may be
homologous to Hart and Hart’s “fingers”; the duct is possibly the ventral finger and the plate
is the dorsal finger. Unlike the motionless parasitic Entocythere, free-living Aurila species may need
such a duct and plate for copulation. In this paper the duct is called the “‘ejaculatory duct” and
the plate the *“holding plate”.

In Aurila species, the ejaculatory duct and the holding plate, as well as the valves, are the best
characteristics for identification. They are large enough to dissect and observe, and will discriminate
between the species at a glance. Moreover, there is little variation in the copulatory organs within
one species. A. cymba from the Inland Sea, 4. miii from Uranouchi and A. subconvexa from Misaki
have the same copulatory organ. The ejaculatory ducts.and the holding plates of A. hataii, A. mune-
chikai and A. corniculata from two distant areas also show little variation. Of course, specimens
from one area have no variation, as shown in A. ikeyai (Text-fig. 1).

There is a little variation between A. hataii from the Japan Sea and that from the Pacific. The
ejaculatory duct in the former is slightly wider than in the latter. They are thought to fall within
the limits of specific variations, however.

RECENT Aurila SPECIES FROM JAPAN

Recent Aurila species reported from Japan before 1982 are shown in Text-fig. 2.

Brady (1880) found nine ostracod species in dredged samples collected from the Inland Sea by
the ““Challenger”. These included Cythere cymba, now Aurila cymba whose type specimens he had
discovered at Hong Kong in 1869. This species is common in Japan, and Ishizaki (1981) found it
also in the East China Sea, which lies halfway between the type locality and Japan. It is thus pro-
bable that the Japanese species is identical with the type from Hong Kong. It has appeared in the
literature under such names as A4. subconvexa, A. miii and so on.
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PENIFERUM

CLASPING APPARATUS

HOLDING PLATE
EJACULATORY DUCT

TexT-ric. 1—Male copulatory organs of Aurila species. a-c. A. hataii (a. MO-1808, Uranouchi; b. MO-1691,
Misaki; c. MO-1795, Omi). d-i. A. ikeyai n. sp. (d, e. MO-1927; d. right; e. left; f. MO-1639; g. MO-1642; h.
MO-1640; i. MO-1689; all Misaki, inclusive of Hayama). Scale: 100 gm; P, pastinum; T, tropis; S, sterinx;
Z, zygum; C, costa; DC, Dorsal Cardo; VC, Ventral Cardo.
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Kaijyama (1913) assembled 21 podocopid species from Misaki, in which the present Aurila
species, subconvexa and convexa, were included. Imanishi (1954) found two species, Cythere villosa
and C. convexa, near Misaki.

Ishizaki reported six Aurila species, hataii, imotoi, miii, munechikai, tosaensis and uranouchiensis
from bottom sediments of Uranouchi Bay in 1968, one species A. miii from the Nakanoumi Estuary
in 1969, three species, A. miii, A. uranouchiensis and A. cf. hataii, from Aomori Bay in 1971, and
A. cymba from the East China Sea in 1981.

Okubo (1976, 1980) described five Aurila species, inabai, subconvexa, corniculata, disparata and

AOMORI BAY
ISHIZAKI (1971)
uranouchiensis
cfr. hataii

£

ISHIZAKI (1969)
miii

0 MISAKI
URANOUCHI BAY KAJIYAMA (1913)
ISHIZAKI (1968) subconvexa*
miii#* convexa
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TexT-F1c. 2—Recent Aurila species reported from Japan before 1982. Species with an asterisk have been
described as new species.



Recent Aurila from Japan 139

hataii, from the Inland Sea.
In 1982, two Aurila species, hataii and uranouchiensis, from Hamana-ko were listed by Ikeya

and Hanai, and six Awrila species, hataii, kiritsubo, munechikai, uranouchiensis and two uncertain
species from Tateyama Bay by Frydl

- e
OMI ISLAND AOMORI

cfr. hataii

&

MISAKI

INLAND SEA URANOUCHI BAY

okayamensis ;o
HAMANA-KO

corniculata¥* uranouchiensis

TeXT-FIG. 3—Recent Aurila species from Japan the author examined. Distal parts of male copulatory organs (scale:
100 um), Material. Inland Sea (4. cymba and A. inabai, Okubo, 1980, fig. 7; A. corniculata, MO-1917);
Uranouchi (4. miii, MO-5016; A. munechikai, MO-5020; A. hataii, MO-1808); Hamana-ko (A. uranouchiensis,
MO5017); Misaki (A. subconvexa, MO-1945; A. convexa, MO-1632; A. hatali, MO-1640; A. ikeyal, MO-
1927); Aomori (A. cf. hataii, MO-5033); Omi (A. hataii, MO-1795; A. sp., MO-1792). Asterisked species
are thought to be valid.
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In the above species, Hanai et al. (1977) indicated that C. villosa was a synonym of A. hataii,
and that “The pattern of surface ornamentation of Aurila miii is identical with that of 4. cymba
illustrated by Brady (1880) in the Challenger report. This species is closely related to 4. uranouchien-
sis”. Okubo (1980) also pointed out that 4. cymba, A. miii and A. subconvexa were conspecific.

I doubted the validity of other species and inspected some Aurila species from the type localities,
Uranouchi and Misaki, and others. The male copulatory organs of the species are shown in Text-
fig. 3. Three species were found from Uranouchi, four from Misaki, one from Hamana-ko, one
from Aomori (Tappi) and two from Omi Island, besides five from the Inland Sea.

Species from Uranouchi have proved very worrying. Ishizaki found six species in the sediment
samples but I discovered only three species, namely 4. miii, A. munechikai and A. hataii.

It has been reported that A. uranouchiensis and A. cymba (= A. miii) occur in very nearly the
same places, that is, in the inside of the Uranouchi Bay. The Auwrila species living around Misaki
and Tateyama Bay has been called either A. uranouchiensis or A. cymba. The two species resem-
ble each other in valve sculpture, as Hanai et al. indicated. I could not have found the species that
is thought to be A. uranouchiensis in Uranouchi Bay and around Misaki, though I have collected
A. cymba there. Therefore, it may be thought that both A. wranouchiensis and A. cymba near
Misaki are in all probability of the same species. However, Ishizaki has been confident of the
separate identity of the species because A. uranouchiensis from Uranouchi Bay has a furcate ven-
tral ridge that is not found in 4. cymba from Hong Kong. Thus, the validity of 4. uranouchiensis
remains unclarified.

A. imotoi resembles A, cymba in the shape of valves. However, the former was rather common
outside the bay, whereas the latter was common exclusively inside the bay. So 4. imoroi may be
either a good species, or a slightly modified form of 4. cymba living in the open sea.

A. tosaensis having undeveloped valves is thought to be a juvenile of (some) species. It may be
an A-1 juvenile of A. munechikai, since their habitats are nearly identical.

There is some doubt as to whether A. imotoi and A. tosaensis are good species or not. The sub-
ject remains unsettled.

A. convexa (= A. punctata) reported from Misaki is identical with 4. munechikai from Uranouchi
in the form of the copulatory organ. However, it is highly probable that this Aurila species is a
species different from European A. punctata. Thus the name munechikai will be retained as the
specific name for Japanese “‘punctata”.

The species called A. hataii includes at least four different species. The type specimen is the one
from Uranouchi, which has a long pigmented plate and a W-shaped ejaculatory duct. The species
is also found from Misaki.

The species from the Inland Sea described as A. hataii by Okubo is actually a new species, and
is named A4. okayamensis sp. nov. in this paper.

The species from the Hamana-ko called A. hataii by Ikeya and Hanai is not A. hataii but an-
other new species. It also occurs from Misaki and is described as A. ikeyai sp. nov. in this paper.

The species from Aomori allotted to 4. cf. hataii by Ishizaki is not the true A. hataii. This new
species, which also comes from Omi Island, is called A. sp. in this paper. It will be formally named
after the valves have been examined.

The male of A. corniculata came from the Inland Sea and the species called A. uranouchiensis
by Ikeya and Hanai proves to be 4. corniculata. According to Ikeya, Frydl’s Aurila sp. B is also
identical with this species. There is a faint suspicion that 4. uranouchiensis from Uranouchi may
possibly be the same thing as A. corniculata (or less likely A. disparata). If so, the name urano-
uchiensis would remain valid.

A. inabai, A. disparata and A. kiritsubo are thought to be valid taxa. The rest will be clarified,
when their males are examined.
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TeXT-FIG. 4—Relationships of specific identification among the recent Aurila species from Japan.

*Specific names with an astrisk are thought to be valid.
tSpecific names with a dagger are thought to be doubtful.
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The confusion among the specific names came from identification on the basis of valves alone,
If their male copulatory organs had been examined, most of the errors would have been avoided.
Even when studying valves from bottom sediments a search should be made forliving males nearby.
The valves and the copulatory organ are like the two wheels of a cart for the study of Recent
ostracods. Furthermore, the valves of living specimens will give us more beautiful SEM photo-
graphs.

The relationship of the above species is summarized in Text-fig. 4. And a new checklist of
species of the genus Aurila recorded from Japan before 1982 is proposed.

DESCRIPTION OF NEW SPECIES

AURILA OKAYAMENSIS Sp. nov.
Aurila hataii Ishizaki. OxusBo, 1980, p. 400, Text-figs. 3, 7g—j, 8, 10a—f.

Diagnosis.—Valves sub-rectangular. Heavily sculptured: Postero-ventral ridge breaking at the
middle, its anterior half parallel to postero-dorsal ridge. Copulatory organ of generic characteristic:
Ejaculatory duct round, with swelling near basal part; holding plates short.

Material —MO0-802, &, holotype, Teshima Is., 1977-7-29. M0-923,&8 R, Wasajima Is., 1976-
7-10. MO-938, &, A-1; MO-%41, &; MO-1118, L, Ohama, 1977-7-2.

AURIAL IKEYAI Sp. NoV.
(Text-figs. 1d-i, Text-figs. 5e, f)
Aurila hataii Ishizaki. IKEYA and HANar, 1982, Tables 2-4.

Diagnosis.—Valves sub-rectangular. Heavily sculptured; Postero-ventral ridge from middle of
postero-dorsal ridge (posterior third of valve) to posterior end. Copulatory organ with round,
uniform ejaculatory duct and short holding plate.

Material —MO-1927, &, holotype. MO-1642, & ; MO-1641 a, b, &,%. Hayama (near Misaki),
1982-7-22.

Locality—Miura Peninsula and Hamana-ko.

Occurrence—On algae of rocky shores in intertidal zones.

CHECKLIST OF THE GENUS Aurila FROM JAPAN BEFORE 1982

(Synonyms cited without examination are omitted.)
Genus AURILA Pokorny, 1955

1. Aurila corniculata Okubo, 1980
Aurila corniculata Okubo, 1980, p. 399, Text-figs. 10g-j.
Aurila uranouchiensis: Ikeya and Hanai, 1982, Tables 2-4.
Aurila sp. B Frydl, 1982, Table 2-1, P1. 9, figs. 13, 14,
2. Aurila cymba (Brady, 1869)
Cythere cymba Brady, 1880, p. 80, PL. 20, figs. Sa-f.
Cythereis subconvexa Kajiyama, 1913 p. 14, Pl. 1, figs. 74, 75.
Aurila miii Ishizaki, 1968, p. 22, Pl. 2, fig. 9, Pl. 4, figs. 1, 2; Ishizaki, 1969, p. 217, Pl. 25, fig. 13;
Ishizaki, 1971, p. 81, PL. 2, fig. 1.
Aurila subconvexa: Okubo, 1980, p. 397, Text-figs. 2, 7m, n. 9a—d.
Aurila cymba: Ishizaki, 1981, Table 2.
? Aurila uranouchiensis. Frydl, 1982, Table 2-1.
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TexT-FIG. 5—a, b. Aurila munechikai Ishizaki, 1968 (MO-1631, Misaki); ¢, d. Awrila hataii Ishizaki, 1968 (MO-
1643, Misaki); e, f. Aurila ikeyai n. sp. (MO-1642, Misaki); a, ¢, ¢. right valve; b, d, f. left valve.

3. Aurila disparata Okubo, 1980

Aurila disparata Okubo, 1980, p. 402, Text-figs. 4, 7e, f, 9ej.
4, Auwrila hataii Ishizaki, 1968

Cythere villosa Baird, Imanishi, 1954, p. 90, fig. 2.

Aurila hataii Ishizaki, 1968, p. 20, PL. 1, figs. 5, 6, PL. 4, figs. 5, 6; Frydl, 1982, Table 2- 1.
5. Aurila imotoi Ishizaki, 1968

Aurila imotoi Ishizaki, 1968, p. 21, Pl. 1, figs. 7, 8, Pl 4, figs. 3, 4.
6. Aurila inabai Okubo, 1976

Aurila inabai Okubo, 1976, p. 34, Text-fig. 1, Pl. 1; Okubo, 1980, p. 401, Text-figs. 7k, 1, 11h-j.
1. Awrila kiritsubo Yajima, 1982

Aurila kiritsubo: Frydl, 1982, Table 2-1.
8. Aurila munechikai Ishizaki, 1968

Cythereis convexa (Baird), Kajiyama, 1913, p. 13, Pl 1, figs. 72, 73.

Cythere convexa: Imanishi, 1954, p. 90.

Aurila punctata (Miinster): Hanai et al., 1977, p. 44.

Aurila munechikai Ishizaki, 1968, p. 23, Pl. 4, figs. 7, 8; Frydl, 1982, Table 2-1.
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9. Aurila tosaensis Ishizaki, 1968
Aurila tosaensi Ishizaki, 1968, p. 23, Pl. 4, figs. 16, 17.
10. Aurila uranouchiensis Ishizaki, 1968
Aurila uranouchiensis Ishizaki, 1968, p. 24, Pl. 4, figs. 9, 10; Ishizaki, 1971, p. 82, Pl. 2, figs.
5 11
11. Aurila sp. A Frydl, 1982
Aurila sp. A Frydl, 1982, Table 2-1, P1. 9, figs. 10, 11.
12. Aurila okayamensis Okubo sp. nov., in this paper
Aurila hataii: Okubo, 1980, p. 400, Text-fig. 3, 7g-j, 8, 10a—f.
13. Aurila ikeyai Okubo sp. nov., in this paper
Aurila hataii;: Tkeya and Hanai, 1982, Tables 24.
14. Aurila sp. Okubo in this paper
Aurila cf. hataii, Ishizaki, 1971, p. 81, PL. 2, figs. 2, 3.
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DIsCUSSIONS

Adamczak: Did you examine the species of Aurila by pattern analysis? If not, do you intend
to do this? This would be very important for the studies made by people working with fossil reti-
culate ostracods.

Okubo: No, but I will give it my consideration.

Keyser: Could you find any relationship between the copulatory tube and shell form?

Okubo: No, I could find little relationship in general, but, closely related species resemble to
each other both in the shell and in the copulatory tube.



Function and Significance of Tubules:
Tubulibairdia vs. Microcheilinella

RoserT F. LUNDIN
Arizona State University, Tempe, U.S.A.

ABSTRACT

Studies of type materials and some especially well-preserved specimens from the Silurian of
Gotland and elsewhere lead to the following conclusions.

1) Primary types and topotypes of the type species of Microcheilinella are sufficiently altered so
as to make studies of shell structure inconclusive.

2) Some Silurian (and Devonian) forms have tubules in their shell wall; other morphologically
similar forms have no such features.

3) Tubules open only on the interior surface of the shell. They do not penetrate to the exterior
surface of the shell.

4) Although other possibilities exist, tubules most likely housed cells which functioned in a)
formation of the cuticle or b) sensing of light. '

5) Tubules might represent an early stage in the development of normal pore canals, an inter-
pretation which is potentially compatible with the suggestion that they had a light sensory function.

6) Tubules occur in pre-adult moult stages; they are not restricted to adults.

7) The presence or absence of tubules in these otherwise morphologically similar forms is
genetically controlled and therefore tubules are a diagnostic character.

8) Microcheilinella and Tubulibairdia are distinct genera. Placement of species in these genera
should be based upon examination of shell structure.

INTRODUCTION

Geis (1932) established the ostracod genus Microcheilus on the basis of materials from the
Salem Limestone (Mississippian) of Indiana. Microcheilus distortus Geis, 1932 was designated as
the type species and the generic name was changed to Microcheilinella Geis, 1933 when it was
determined that Microcheilus Geis, 1932 was a homonym of Microcheilus Kittl, 1894, a gastropod.

Swartz (1936) established the genus Tubulibairdia (type species T. tubulifera Swartz, 1936) on
the basis of steinkerns and external moulds from the Shriver Chert (Devonian) of Pennsylvania.
Spines on the surfaces of the steinkerns proved the existence of “coarse pores” in the shell of Tubuli-
bairdia, an “important distinguishing character” according to Swartz (1936, p. 581).

Since the 1930’s numerous sepcies have been assigned to Microcheilinella and Tubulibairdia,
However, often authors have not prepared or illustrated these ostracods in such a way as to verify
the presence or absence of the “coarse pores” (“tubules” of various authors), inspite of the fact
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that these tubules were considered an important diagnostic character of Tubulibairdia. The prob-
lem is complicated by the fact that Microcheilinella is in other ways morphologically similar to
Tubulibairdia. Because species belonging to Microcheilinella and/or Tubulibairdia are common
elements, even dominant in some cases, of many middle and late Palaeozoic ostracod faunas, a
thorough review of these genera is in order.

PREVIOUS INVESTIGATIONS

The primary studies of significance to the Microcheilinella-Tubulibairdia problem which I
address here are those of Sohn (1960), Berdan and Sohn (1961), Shaver (1961), Zenkova (1969),
Gramm (1975, 1977) and Adamczak (1976). Sohn (1960) clearly documented the presence of tubu-
les in the shell wall of Pachydomella Ulrich, 1891, Tubulibairdia Swartz, 1936 and Phanassymetria
Roth, 1929. This characteristic of these genera has been reported by many authors for species from
North America, Europe and Australia. The widespread occurrence of tubules in the various genera
indicated above cannot be denied. This character along with other morphological similarities
prompted Berdan and Sohn (1961) to establish the family Pachydomellidae, to include Pachydomel-
la, Tubulibairdia and Phanassymetria (several genera have since been added; see for example,
Berdan, 1971; Bandel and Becker, 1975; Adamczak, 1976). Microcheilinella was not originally
included in the Pachydomellidae, presumably because the type species does not have tubules. In-
stead, Shaver (1961) placed Microcheilinella in the order Podocopida, suborder and family un-
certain. Longitudinal and transverse sections prepared by Shaver (1961), of the type species sug-
gested to him the presence of a calcified inner lamella (duplicature), a feature which had not been
previously reported for the genus.

Gramm (1975) used the absence of tubules from Microcheilinella as one of the primary reasons
(presence of a calcified inner lamella was the other) for considering it to not be a pachydomellid.
Instead Gramm erected a new family, the Microcheilinellidae to accommodate the genus. His
diagnosis of Microcheilinella and motivation for establishing the new family were based primarily
on specimens of Carboniferous (Visean) and Middle Triassic age.

Adamczak’s (1976) study of Bythocypris (Bairdiocypris) clava Kegel, 1932 inspired him to
place the species in Microcheilinella inspite of the presence of tubules in the shell wall. Adamczak
(1976) concluded that the tubules are an adult feature, that juveniles of the species do not have
them, and therefore they are not of significance in distinguishing Tubulibairdia from Microcheil-
inella. The latter, being the older generic name, was therefore considered by Adamczak to be a
senior synonym of Tubulibairdia.

The significance of determining if Tubulibaridia is distinct from Microcheilinella is emphasized
by the fact that dozens of species have been assigned to Microcheilinella by European workers
(e.g. Adamczak, 1976; Feist and Groos-Uffenorde, 1979; Pranskevichius, 1972; and many others).
In fact, the Soviet specialists have assigned Microcheilinella-Tubulibairdia-like forms almost ex-
clusively to Microcheilinella.

PURPOSE

Because of the problems indicated above, this study was undertaken to 1) redescribe and illu-
strate the carapace morphology of Microcheilinella distorta, 2) examine the shell structure of M.
distorta and other species of the genus, 3) evaluate the form and function of the tubules in Tubuli-
bairdia (and related pachydomellids) and 4) discuss the taxonomic significance of the shell struc-
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ture of Tubulibairdia. This will form a background upon which future discussion of the taxonomy
of these ostracods can be based.

Tae TUBULES

Shape.—Although they have not been adequately studied in many species of Tubulibairdia
and other pachydomellids, it is possible to generalize about the shape of the tubules. In cases where
the appearance of the tubules has not been affected by the plane of the thin section or polished
surface and where preservation is good, the tubules are cylindrical, or nearly so, from the proximal
end to near the distal end where they taper to a point (Pl. 1, fig. 10; Lundin and Scott, 1963,
Pl 180, figs. 4, 6; Zenkova, 1969, fig. 2; Petersen, 1975, Pl. 3, fig. 10; Adamczak, 1976, Pl. 12, fig.
60a). Some tubules seem not to be pointed at their distal end (Sohn, 1960, Pl. 5, fig. 12; Lundin,
1965, Pl. XVI, fig. 1d) and some tubules seem to be bulbous (Adamczak, 1976, Pl. 12, fig. 60a).
It is, however, difficult to evaluate from photographs if these latter somewhat unusual shapes re-
sult from optical effects or position of the plane of the thin section with respect to the tubules.

Abundance and distribution.—The abundance and distribution of the tubules in pachydomellids
is variable. Lundin and Scott (1963) reported them to be scattered throughout the carapace in two
species of Phanassymetria, but slightly more abundant in the anterior third and ventral half than
elsewhere. Berdan (1971) found them to be “‘evenly distributed in both valves™ of Phanassymetria
collilupana Berdan, 1971. Tubules in various species of Pachydomella have been described as
“randomly arranged” (Lundin, 1965), ‘“widely and irregularly spaced” (Swain, 1953), and ‘“‘con-
centrated in the ventral portion” (Lundin, 1968).

Generally, descriptions and/or illustrations of the tubules for species of Tubulibairdia indicate
that they are numerous. Furthermore, they are generally reported to be rather evenly distributed
throughout the carapace (Pl 1, figs. S, 8). However, some authors (e.g., Swartz and Oriel, 1948;
Copeland, 1962; Adamczak, 1976) report tubules to be absent from the position of the adductor
muscle field for several species of Tubulibairdia (in Adamczak, 1976 refer to Microcheilinella clava).
This also is true for Tubulibairdia porosa (originally placed in Microcheilinella) from the Soviet
Union (PL. 2, fig. 16) but there is no apparent interruption of the spacing of the tubules in Tubuli-
bairdia malinowieckaja (Neckaja, 1966) from the Wenlockian of Gotland (Pl. 2, figs. 13-15). Swartz
(1936) reported that tubules are absent from an area bordering the left valve hinge and from near
the free edges where marginal overlap of the valves occurs. In T. accurata, Zenkova (1969) found
tubles throughout the shell wall “except for narrow bands along the hinge”, in the “middle of the
ventral margin,” and “at the posterior end.” Furthermore, she reported that tubules are con-
centrated on the anterior and posterior ends and anterior and posterior parts of the venter of that
species. For T. chaleurensis, Copeland (1962) reported the absence of tubules from the “‘marginal
edges of the valves” and from the *“‘dorsal lateral surface at the anterior end of the hinge line.”

Ontogeny.—The tubules are present in at least some pre-adult instars of some species of Tubu-
libairdia and some other pachydomellid genera. Lundin and Scott (1963) reported tubules in the
last four moult stages of Phanassymetia triserrata and P. quadrupla. Plate 2, figs. 11, 12 show tu-
bules in pre-adult specimens of T. simplex and T. sp. cf. T. longula from the Haragan (Devonian)
and Henryhouse (Silurian) formations of Oklahoma. Also, I have seen tubules in pre-adult spe-
cimens of Pachydomella. Tubules are not restricted to adult pachydomellids. Any claim to that
effect should be ver fied. In any case, I do not consider the ontogenetic stage at which the tubules
appear to be significant to the taxonomic issue discussed below. Much generic and suprageneric
ostracod taxonomy is based on characters known only in adult specimens. Tubules occur in pre-
adults as well as adults.
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Extent.—Swartz (1936, p. 581) recognized the extent of the tubules in his original description
of Tubulibairdia tubulifera when he stated, “Internal molds of both valves bear strong spine-like
projections, representing coarse tubular pores which open on the internal surface of the valves, but
do not reach the exterior”. This characteristic of the tubules (that is, no opening on the exterior
surface of the shell) has been reported for Tubulibairdia and/or other pachydomellids by numerous
authors (see above).

It can be argued that the absence of openings of the tubules on the exterior surface of the shell
is due to diagenetic processes which might take place at the sediment-shell surface interface. In
order to reasonably speculate about the significance of the tubules, it is necessary to know if they
completely penetrated the shell and the exterior openings are obscured because of diagenetic
processes, or if the tubules did not completely pierce the cuticle and opened only on the interior
surface of the shell. 1 believe the latter because:

1) The interior openings of the tubules can easily be seen on many single valves from which the
interior matrix has been removed (Pl. 1, fig. 5; Adamczak, 1976, Pl. 9, fig. 44; Reynolds, 1978,
Pl. 10, fig. 6). Yet no openings of the tubules are present on the exterior surface of the same speci-
mens, On single valves one should expect the same diagenetic processes to act on the interior and
exterior surfaces of the valve.

2) Plate 1, figs. 4-10 illustrates Tubulibairdia malinowieckaja from the Slite Beds (Wenlockian)
of Gotland. Many superbly preserved specimens of this species are known. One specimen (PI. 1,
fig. 6) is abraded on the anterocentral and anterodorsal surface as well as along a narrow strip in
the posterior part of the left valve. The tubules are obvious in the strongly abraded area (especially
in the anterior part of the valve) but there is no evidence of them on unabraded portions of the shell
(PL. 1, fig. 7). Furthermore, examination of the shell between the abraded and unabraded areas
shows no textural change that might suggest diagenetic alteration of the unabraded portions of
the shell.

3) Plate 1, fig. 11 shows a Tubulibairdia sp. from the Coeymans Ls. (Lower Devonian) of
New York. The surface of this species is covered with fossae which are about 12 gm in diameter.
The diameter of the tubules in their proximal cylindrical parts is approximately 24 ym. The fine
ornament (fossae) is nicely preserved but there is no evidence for openings of the tubules on the
exterior surface of the shell (Pl 1, fig. 12).

In the same regard, Lundin and Scott (1963) reported a very fine fingerprint pattern preserved
on the surface of well-preserved specimens of Phanassymetria triserrata and P. quadrupla. Exterior
openings of the tubules have not been seen in these two species.

It has been shown by Okada (1982) and by Bate and Sheppard (1982) that surface ornament of
the kind present on the Coeymans Limestone Tubulibairdia sp. and on P. triserrata and P. quadrupla
probably is a reflection of epidermal cells of the ostracod. That is, the boundaries of each polygon

PLATE 1—Figs. 1-3. Newsomites profusus Lundin and Newton. Views of posterior part of left valve ( x 86), posterior
portion of carapace (X 52) and posterior part of right valve (x86) of longitudinal thin section of adult
carapace showing sensillum pores, GSA MTC 61. This specimen was incorrectly indicated as an immature
specimen in Lundin and Newton (1970, p. 58).

Figs. 4-10. Tubulibairdia malinowieckaja (Neckaja). 4, 10. Longitudinal thin section (x29) and enlargement
(x 78) of posterior part of right valve of adult carapace showing shape and extent of tubules, ASU X-70;
5, 8, 9. Interior view (X 36), enlarged oblique interior view (< 67) and enlarged interior view ( X 357) showing
tubules opening on interior surface of adult left valve from the Slite Beds (Silurian) at Langars (MS 190),
Gotland, Sweden ASU X-71; 6, 7. Left lateral view ( x27) and enlarged view ( x 149) of central part of same
showing tubule openings, in the abraded parts of shell, but not on unabraded parts of shell, adult carapace
from Langars (MS 190) as above, ASU X-72.

Figs. 11, 12. Tubulibairdia sp. Left lateral view (X 36), and enlargement (< 200) of same, of adult carapace
from Coeymans Ls. (Devonian) of New York showing beautifully preserved ornament (fossae) but no tubule
openings on exterior surface of shell, USNM 401554, USGS 3114-SD.
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on the shell surface represent boundaries of cells in the epidermis which is responsible for forma-
tion of the cuticle. If this is correct, and I believe the evidence for it is good, it is practically incon-
ceivable that such ornaments could be preserved while the exterior openings of the tubules are
destroyed (obscured) by diagenetic processes.

In summary, I believe the tubules in Tubulibairdia and other pachydomellids did not completely
pierce the calcified part of the cuticle. Apparently the tubules tapered to a point and “dead ended”
within, but very near the outer surface of the procuticle (sensu Okada, 1982). If this is not true, that
is, if the tubules completely penetrated the cuticle and I am, for some reason unable to detect the
exterior openings, the following discussion about the function of the tubules is meaningless.

Function.—I know of no modern ostracods which have tubules like those of Tubulibairdia and
other pachydomellids. Accordingly, I can only speculate about the function of them. Possible
functions of the tubules are 1) to facilitate adhesion of the epidermis to the cuticle, 2) to aid in the
formation of the cuticle, and/or 3) to house some sensory apparatus.

That the tubules facilitated adhesion of the epidermis to the cuticle of the outer lamella is pos-
sible because if the tubules were occupied by epidermal cells the surface area of contact between
the epidermis and the cuticle of the outer lamella would be greatly increased. Although this is a pos-
sible function of the tubules, and although there is no direct evdence for or against this possibility,
I believe it is not likely to be the primary function of the tubules. Okada (1982) has shown that the
epidermis of the modern podocope ostracod Bicornucythere bisanensis (Okubo) is anchored to the
cuticle by means of intracuticular fibres. Not many studies of this kind have been done, but this
suggests that specific structures for connecting the epidermis to the cuticle are present. Accordingly,
more than simple adhesion of one layer to the other is involved. It is likely, then, that for connec-
tion of the epidermis to the cuticle, the abundance of intracuticular fibres is more significant than
surface area. I regard an adhesive function for the tubules as only a slight possibility and if they
functioned in this way at all, it was, at best, a secondary function.

The studies of the ultrastructure of the carapace integument (sensu Okada, 1982) of ostracods by
Jorgensen (1970), Bate and East (1972, 1975,) Rosenfeld (1979, 1982) and Okada (1982, 1983) are
important to any discussion of whether or not the tubules of Tubulibairdia and other pachydomel-
lids had a function in formation of the cuticle. None of these authors have reported structures mor-
phologically similar to the tubules of Tubulibairdia which can be unquestionably associated with
cuticle formation. Jorgensen (1970) denied the existence of “pore canals” which Travis (1963)
indicated were protoplasmic extensions of the epidermis and were significant to the formation of the
cuticle of decapods. Bate and East (1972, 1975) and Okada (1983), however, have identified these
kinds of “pore canals” in several species of modern podocope ostracods. These “pore canals’ have
no openings on the exterior surface of the carapace. In this regard they are like the tubules in
question here. On the other hand, these “pore canals’ are much smaller in diameter and different
in shape, orientation and relationship to each other than the tubules of Tubulibairdia. The “pore
canals” are about 0.4 um in diameter and the branching and fusion of them form a network within
the cuticle. Features of this kind can hardly be considered analogous to the tubules of Tubulibairdia
which are simple, straight discreet structures that do not fuse and branch to form a network.
Furthermore, the “pore canals” of Cypridopsis vidua (see Bate and East, 1972) and Neonesidea sp.
(see Okada, 1983) are arranged parallel to or obliquely to the cuticle surface whereas the tubules
of pachydomellids are invariably essentially normal to the cuticle surface.

Rosenfeld (1979, 1982) has discussed the role of granules, which are present in the epidermis of
ostracods, in the formation of the ostracod cuticle. Okada (1982) has shown specifically how the
cuticle forms prior to and just following ecdysis. It is possible that the tubules of Tubulibairdia
and other pachydomellids were occupied by distal extensions of the epidermis which provided the
“pore canals” (discussed above) with fluids necessary for maintaining the organic matrix of the
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procuticle (sensu Okada, 1982) or for completion of the recrystallization of the granules after
ecdysis. I know of no reports of “pore canals” of the kind discussed by Bate and East (1972, 1975)
and Okada (1983) in young fossil material. It is not surprising then that such structures are un-
known among the Palaeozoic forms in question here. Still it seems reasonable to suppose that the
tubules are some adaptation which facilitated one or more of the processes of cuticle formation
indicated by the studies of modern species by Bate and East (1972, 1975), Okada (1982, 1983) and
Rosenfeld (1979, 1982), even though these modern species do not have structures significant to
cuticle formation that are analogous to tubules. I consider some function in cuticle formation to be
a reasonable possibility for the tubules,

A sensory function for the tubules is another reasonable possibility. At first glance the tubules
appear to be normal pore canals of the kind which are common in post-Palaeozoic podocope
ostracods. The only thing which keeps me from that interpretation is the observation that the tu-
bules do not open to the exterior surface of the cuticle. Accordingly, the tubules could not have
functioned in the same way as normal pore canals, the “sensillum pores™ of Okada (1983). For the
same reason, the tubules could neither have been the ducts of exocrine glands (see Okada, 1983)
nor housed any sensory apparatus which required direct contact with the environment to per-
form its function. Therefore, the most likely sensory function that might have been performed by
cells housed in the tubules would be light reception. Keyser (1982) noted that the function of sieve
plates and sieve pores is unknown but stated that Miiller (1894) suggested they had a light-sensory
function. Schallreuter (1983) used this suggestion to interpret that Klimphores scanensis, an Ordo-
vician palaeocope species without sieve pores, lived in a darker environment than K. planus which
has sieve pores. Although sieve pores of Klimphores(and for that matter post-Palaeozoic podocopes)
are not morphologically like the tubules of pachydomellids, Schallreuter’s (1983) observation
provides some evidence (meagre though it may be) for the existence of light-sensory appratuses in
the lateral surfaces of the cuticle of Palaeozoic ostracods. Tubules could have housed light-sensory
apparatuses and performed a light-sensory function just as has been suggested for sieve pores.

Finally, tubules of pachydomellids may represent an early stage in the evolution of normal pore
canals (sensillum pores of Okada, 1983). I know of no ostracods older than the pachydomellids
which have sensillum pores. If the tubules housed light-sensory apparatuses, it is possible that
evolution of these specialized cells produced sensilla which were adaptions for life in poorly il-
luminated or dark environments, Mechanoreceptors such as the sensilla of ostracods, of course,
require direct contact with the environment and therefore such features would require sensillum
pores. Gramm’s (1977) discovery of Type C (Puri and Dickau, 1969) sieve pores in a Carboniferous
species of Editia is of interest in this regard because it Jemonstrates the existence of sensillum pores
in a late Palaeozoic ostracod. Also of interest here is the existence of “sensillum pores” (normal
pore canals) in the late Silurian Newsomites profusus Lundin and Newton, 1970 (see Pl. 1, figs. 1-3
. herein). Additional study of normal pore canals, especially in Palaeozoic ostracods is needed to va-
lidate or invalidate the hypothesis that tubules are an early stage in the development of sensillum
pores.

Taxonomic value —I consider the tubules of Tubulibairdia and other pachydomellids to be a va-
lid taxonomic character. Whichever function of those discussed above (or, for that matter, others),
is considered most reasonable, I believe the existence of tubules is genetically controlled. The
tubules are a stable morphological character. Tubules are present in a wide variety of species which
can be readily categorized into various genera on the basis of other morphological criteria. I con-
clude, therefore, that Tubulibairdia and Microcheilinella are distinct and separate genera. Accor-
dingly, species should be placed in these genera only after careful analysis of the shell microstruc-
ture. If the shell material of all known specimens of a species is recrystallized or otherwise altered
it may not be possible to determine definitely whether the species belongs to Tubulibairdia or
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Microcheilinella. Although certain other characters such as size and shape can lead to a “best
guess”, generic designations based only on these characteristics should be queried.

SYSTEMATIC PALAEONTOLOGY

Taxonomy.—I choose not to discuss familial and superfamilial taxonomy at this time because
it involves analysis of other characters in addition to the tubules. At the present time I consider the
tubules to be of at least generic significance. If one accepts Gramm’s (1975) Microcheilinellidae,
the diagnosis of that family must be amended for reasons stated below.

Repositories.—Specimens illustrated herein are in the collections of the Department of Geology,
Arizona State University (ASU), the U. S. National Museum of Natural History (USNM), the
Geological Survey of Alabama (GSA MTC), the U. S. Geological Survey (USGS) and the Univer-
sity of Illinois, Champaign-Urbana (UI).

Subclass OsTRACODA Latreille, 1806
Genus MICROCHEILINELLA Geis, 1933
MICROCHEILINELLA DISTORTA Geis, 1932
(PL. 2, figs. 1-10, 17, 18, 22)
Microcheilus distortus Gegis, 1932, p. 182, Pl. 25, figs. 15a,b.
Microcheilinella distorta (Geis). SoHN, 1960, Pl. 5, fig. 13; SHAVER, 1961, p. 387, figs. 3104, 3,
310B, 3.

Diagnosis.—Microcheilinella with dorsal and ventral borders parallel or nearly so. Small, width
greater than height, maximum width distinctly posterior to midlength. Hinge channel weak, bow-
shaped projection poorly to moderately deveoped. Anterior and posterior straguloid processes
poorly developed or absent. Surface of shell smooth. Tubules and calcified inner lamella not pre-
sent. Muscle scars unknown. Hinge straight but details of morphology not known,

PLATE 2—Figs. 1-5, 22. Microcheilinella distorta (Geis). 1-5. Right lateral, left lateral, dorsal, ventral and posterior
views of adult carapace, holotype, Ul M366. x50; 22. Anterior part of right lateral surface of same
specimen. X 141.

Figs. 6-10, 17, 18. Microcheilinella distorta (Geis). 6-10. Right lateral, dorsal, ventral, left lateral and posterior
views of adult carapace. x50; 17. Longitudinal thin section of same specimen, paratype, UI M367. X 69;
18. Peel of transverse section of adult carapace, anterior view, topotype, USNM 401555 (peel on right end
of slide). x84.

Fig. 11. Tubulibairdia sp. cf. T. longula (Ulrich and Bassler). Lateral view of pre-adult left valve from Silurian
Henryhouse Fm. of Oklahoma, photographed in glycerol to show tubules (tiny white spots), ASU X-63. x40.

Fig. 12. Tubulibairdia simplex (Roth). Lateral view of pre-adult left valve from Haragan Fm. (Devonian) of
Oklahoma, photographed in glycerol to show tubules (tiny white spots), ASU X-64. x62.

Figs. 13-15. Tubulibairdia malinowieckaja (Neckaja). Left lateral views of three adult specimens from the Slite
Beds (Silurian) at Langars (MS 190), Gotland, Sweden. x 35. Two of these specimens are not available, the
third (fig. 14) is ASU X-65.

Fig. 16. Tubulibairdia porosa (Pranskevichius). Left lateral view of adult carapace from the Silurian of Lithuania
(Krekenava 683.5) showing interruption of tubules at position of adductor muscle field, ASU X-66.
Fig. 19. Microcheilinella sp. cf. M. acuta Abushik. Transverse thin section of adult carapace, posterior view,
from lower Slite Beds (Silurian) at Store Myre (MS 34), Gotland, Sweden, showing well-preserved shell

without tubules, ASU X-67. %x60.

Fig. 20. Microcheilinella sp. cf. M. variolaris Neckaja. Longitudinal thin section of adult carapace, dorsal view,
from Lower Visby Beds (Silurian) at Nyhamn (MS 391S), Gotland, Sweden, showing well-preserved shell
without tubules, ASU X-68. <47,

Fig. 21. Microcheilinella ianica (Neckaja). Longitudinal thin section of adult carapace, ventral view, from upper

Slite Beds (Silurian) at Hide (MS 249), Gotland, Sweden, showing well-preserved shell without tubules,
ASU X-69. %39,
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TexT-r1G. 1—(left) Size dispersion (length on abscissa, height on ordinate) of Microcheilinella distorta; square,
holotype; triangles, paratypes; dots, topotypes (carapaces); star, topotype (left valve); circles, hypotypes (Old
Cleveland Quarry, Harrodsburg, Monroe County, Indiana).

TEXT-FIG. 2—(right) Size dispersion (length on abscissa, width on ordinate) of Microcheilinella distorta;
symbols as in fig. 1.

Dimensions.—See Text-figs. 1 and 2. In each of eighteen measured carapaces the width is
greater than the height.

Discussion.—The following observations made on primary types, topotypes and other speci-
mens from near the type area are significant to understanding the morphology of Microcheilinella.

1) Microcheilinella distorta does not have a calcified inner lamella. I have studied Shaver’s (1961)
thin section and polished surface (one of the original thin sections is lost) and found no evidence of
any feature which even resembles a calcified inner lamella. A peel of a transverse cross-section,
prepared by 1. G. Sohn, shows no indication of a calcified inner lamella (Pl. 2, fig. 18). Finally, a
longitudinal thin section of a paratype shows no such feature (Pl. 2, fig. 17).

2) Specimens of Microcheilinella distorta show no evidence of tubules or sensillum pores (nor-
mal pore canals). In this regard specimens of the type species are not definitive because all speci-
mens known to me are preserved in such a way that microstructure of the shell might have been
obscured by diagenetic alteration of the shell. I conclude that Microcheilinella does not have tubules
or sensillum pores on the basis of well-preserved morphologically similar forms from the Silurian
of Gotland, England and the Soviet Union (e.g. Pl. 2, figs. 19-21).

Unless and until differently preserved specimens of M. distorta are discovered which prove
otherwise, the type species of Microcheilinella (and therefore the genus) must be viewed as an
ostracod with pachydomellid-like carapace morphology but without tubules, sensillum pores or
calcified inner lamellae. Gramm’s (1975) diagnosis of the Microcheilinellidae is based on younger
species which have calcified inner lamellae and sensillum pores. Whether those species are legiti-
mate members of Microcheilinella is open to question.

Material studied —Twenty-four specimens including the holotype and three paratypes, one of
which was thin sectioned and is not included on Text-figs. 1 and 2. All specimens studied are from
the type locality (railroad cut at Spergen Hill, Norris, Indiana) or another of Geis’ (1932) localities
(Old Cleveland Quarry, Harrodsburg, Indiana). Those of Shaver’s (1961) specimens which are
still available were studied.

Figured specimens.—Pl. 2, figs. 1-5, 22 (holotype); PL. 2, figs. 6-10, 17 (paratype); Pl. 2, fig. 18
(peel of topotype).
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SUMMARY AND CONCLUSIONS

1) Tubulibairdia and Microcheilinella are morphologically similar. They differ in that the for-
mer has tubules in its shell wall and the latter does not. Indeed the type species of Microcheilinella
shows no evidence of special shell microstructures such as tubules or sensillum pores.

2) The tubules in Tubulibairdia and other pachydomellids probably had a sensory function or
a function in formation of the cuticle of the ostracode. In any case, tubules open only to the interior
of the shell; they do not penetrate to the exterior surface.

3) Tubules occur in pre-adult as well as adult moult stages of various pachydomellid genera
including Tubulibairdia.

4) Tubules are a stable character within species of Tubulibairdia and other pachydomellids.

Therefore, I consider them to be diagnostic and taxonomically significant at least at the generic
level.

5) Microcheilinella and Tubulibairdia are distinct and separate genera. Placement of species in
these genera should be based upon examination of shell microstructure.
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DiscussioN

Keyser: From my work on living ostracods I would guess that the tubules are just big openings
for the epidermal sensory cells with a small opening for the seta to get out, I think that these pores
are probably obscured by the fossilisation.

Lundin: This is precisely what I have treated in the paper. Several lines of evidence are pre-
sented which demonstrate that in Tubulibairdia (and, I believe, other pachydomellids) the tubules
do not penetrate to the exterior. This, of course, is not to say that this is true for all younger
ostracods which have pores. I can, however, say that several species of pachydomellids which I
have studied have very fine surface ornament preserved but no evidence for tubule openings on
the exterior surface. But I quite agree with you. If my observations on Tubulibairdia (and other
pachydomellids) are in error, and the tubules completely pierce the cuticle, then it is clear that they
are sensillum pores. In any case such a feature is at least of generic level taxonomic value and
Tubulibairdia and Microcheilinella should not be considered synonyms.

Adamczak: It is extremely difficult to recognise juvenile forms in a particular Microcheilinella
(Tubulibairdia) species, because of the “feature-poor” carapace. I have been able to do this, with
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some confidence, only in one species (M. clava). This species shows, in the youngest juvenile form,
a few tubules in the ventral part of the carapace only. Their number, however, increase in the
following stages.

I think that I can agree with Dr. Keyser that the openings of the tubules may be very indistinct
on the carapace surface. I have observed in M. clava (T. clava) that the tubules may divide dicho-
tomously just below the valve surface and that their openings may be very small.

Lundin: It is true that it is difficult to distinguish juvenile forms of various species of pachy-
domellids (Lundin and Scott, 1963) but it can be done. The specimens I have illustrated here as
juveniles are without question, juveniles and they do have tubules, as you have now found to be
true, apparently, in Tubulibairdia clava. The point is, juveniles have tubules and therefore the
significance of them cannot be discounted on the premise that they occur only in adults.

I shall be pleased when, and if, somebody publishes illustrations which demonstrate that the
tubules in Silurian and/or Lower Devonian Tubulibairdia (or other pachydomellids) completely
pierce the cuticle. That will make it clear that they are sensillum pores. In that case, it is still clear
that Microcheilinella and Tubulibairdia must be distinguished. I judge that the presence (or ab-
sence) of sensillum pores is taxonomically significant at least at the generic level.

Kaesler: Did Tubulibairdia evolve from Microcheilinella? If so, it would be quite interesting to
establish the heterochronic relationships between the two. For example, if the earliest species of
Tubulibairdia have tubules only in the adult but later species have tubules throughout their on-
togeny, we would have a good indication of the macroevolutionary origin of a species by paedomor-
phosis.

Lundin: This is an interesting question which requires more study for an adequate answer. On
the basis of present information I believe Microcheilinella represents the primitive condition. It
ranges from the early Silurian (at the oldest) into the Carboniferous (at the youngest). My own
beliefs just now are that Tubulibairdia evolved from Microcheilinella and that forms like Newsomites
profusus (from the late Silurian) which has sensillum pores, evolved either from Tubulibairdia or
directly from Microcheilinella. But I really do not have enough information on the ontogeny of the
tubules in various species of Tubulibairdia to comment further on that problem.

Krstié: Some tubule-like structures of the ostracode shell are known in Recent and Neogene
freshwater ostracods. The genera Stenocypria and Ilyodromus have double punctation of the shell
wall (described and figured by Triebel). The bigger are blind pores, the thinner, normal pores. In
the extinct genus Amplocypris tubule-like structures exist in some species, and not in others. The
bulb-like hollows open widely toward the inside, but ends in normal pores towards the outside. The
other group of species has thin normal pores. There is not one other difference between these two
groups and they are not separated (in different genera/subgenera). They can be found together in
the same assemblage.
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The Free Margin Contact Structures
in Some “Palaeocopid” Ostracods
and their Bearing on Classification

MENDEL N. GRAMM
Far East Science Center, Academy of Sciences, Viadivostok, USSR

ABSTRACT

According to the presence of a calcified inner lamella in some of the so-called ‘“‘palaeocopid”
ostracods new taxa are erected: Gerubiellidae n. fam. with the genus Gerubiella n. gen. (type
species Buregia krestovnikovi Polenova), Netzkainidae n. fam. with the genus Netzkaina n. gen.
(type species Saccelatia bimarginata (Netzkaja) and Anfedatiidae n. fam. with the genus Anfedatia
n. gen. (type species PFibylites alveolatus Abushik). These ostracods cannot belong to the Palaeo-
copia. Their systematic position is unknown.

INTRODUCTION

The difficulties in systematics of some Palaeozoic ostracods, conditionally named here as “pala-
eocopids,” are in no small measure due to the underestimation of the carapaces’ internal features
(central muscle field, contact structures, hinge) which, in comparison with the external ones, are
taken into account to a much lesser degree or completely ignored because they are less accessible
for observation (Gramm, 1984b). Owing to this the number of taxonomically important characters
is essentially reduced. This situation adversely affects the ascertainment of higher taxa.

In the present study the main attention is concentrated on the construction of the *“palaeocopid”
ostracod free margin. An opinion is developed that the free margin internal contact structure of
these ostracods is of great importance and needs very thorough study. These structures are poorly
known because well preserved single valves are needed or if only closed carapaces are available,
more sophisticated methods such as preparation of thin- or polished sections are necessary for
their investigation. On the basis of the completed studies it is demonstrated that the *“palaeocopid”
free margin in some cases is formed with the participation of the calcified inner lamella to which
great importance is attached. ‘

The question of the presence of the calcified inner lamella in non-podocopid groups of course
attracted the attention of researchers. In this respect the work of E. Triebel (1950a) on Cytherella
and Ogmoconcha is of great importance. Here, however, we are dealing with *“palaeocopids” only.
In the diagnosis of the suborder Palaeocopa Henningsmoen (1953, p. 188) noted: ‘“Apparently no
calcareous inner lamella”. In the diagnosis of the order Beyrichiida whose volume coincides to a
great extent with that of the Palaeocopa (without Kloedenellidae) is indicated: “The calcified
inner lamella up to now has not been proved” (Pokorny, 1958, p. 129). Scott (1961b, p. Q110) in
his diagnosis of the order Palaeocopida Henningsmoen, 1953 stated quite definitely that “calcare-
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TExT-FIG. 1—Free margin without duplicature, homogenous. Transverse sections of carapaces, valves. 1, 2.
homogeneous simple; Pyxion nitidum Sarv, left valve, right valve, after Gramm, 1984b, Text-fig. 2 (8, 10). 3-6.
homogeneous with contact grooves; 3. Leperditella prima Sarv, carapace, ventral part, after Gramm, 1984b,
Text-fig. 2 (7); 4-6. Netzkaina bimarginata (Netzkaja) (= Saccelatia bimarginata Netzkaja), carapace, ventral
part, contact of valves. 1-3. Ordovician; 4-6. Upper Silurian. Here and in the next Text-figures all sections
in posterior view; without scale.

ous inner lamella absent”. For a long time the opinion has prevailed that the inner lamella in a form
of duplicature is found only in the Podocopina and poorly developed in the Metacopina (Scott,
1961a, p. Q90, table). From the beginning of the sixties, data began to appear on the presence
of the duplicature in groups referred to the Palaecocopida (Sohn, 1961, 1969; Adamczak, 1961;
Kniipfer, 1968; Schallreuter, 1968). These data have been treated either as evidence for belonging
to the Podocopina (Sohn, 1961, 1969), or (if kloedenellid dimorphism is observed) to the Platy-
copina (Kniipfer, 1968; Schallreuter, 1968).

The author’s investigations (Gramm, 1977, 1984b), carried out with the aid of thin sections,
have revealed that in cases of calcification of the inner lamella the latter is not concerned with only
the formation of the duplicature. In fact essentially different forms of calcification are observed:
with formation of the duplicature and without it. The free margin structures arising have inde-
pendent systematic significance and cannot be assigned to Podocopina or Platycopina.

In the investigated ‘““‘palacocopid” ostracods two types of free margin are distinguished, those
without duplicature and those with duplicature, each of them with several varieties. In the first
type may be discerned:

a) Homogeneous free margin—made of the distal part of the outer lamella; inner lamella ab-
sent. This may be a homogeneous simple margin with the opposite margins of valves directly join-
ing each other (Text-figs. 1-1, 1-2) or homogeneous with an uninterrupted contact groove (grooves)
(Text-figs. 1-1-1-6). The role of contact structures in these varieties is taken by the outer lamellae.

b) Epibolic (thrown- or placed upon) free margin—formed on both valves by the calcified inner
lamella, attached to the outer lamella as a narrow bandlike strip, the vitta. There are varieties with
symmetrically continued vittae (Text-fig. 2-1) and with symmetrical inturned and chute-like curved
vittae (Text-figs. 2-2-2-4), The role of contact strcutures is played mainly by the vittae. Forms with



Free Margin Contact Structures in Paleocopid 161

3 4

Texr-FiG. 2—Free margin without duplicature, epibolic. Transverse sections of carapaces, ventral parts. Vitta is
dotted. 1. vitta symmetrical, continued: Pyxion? keilaénsis Sarv, after Gramm, 1984b, Text-fig. 4 (5). 2—4. vitta
symmetrical, turned inside: 2. Gerubiella krestovnikovi (Polenova) (= Buregia krestovnikovi Polenova);
3. Saccelatia oleskoensis Netzkaja; 4. Gravia sp. 1. Ordovician; 3. Upper Silurian; 2, 4. Upper Devonian.

peculiar calcification and indistinct construction such as Paraparchites and Aparchites that need
further study (Gramm, 1984b) are referred to the type without duplicature.

In the type with duplicature the free margin acquires a bilamellar construction in which the
outer and the calcareous inner lamellae join at a more or less acute angle. According to the outlines
of the inner lamellae the following are distinguished:

1) Duplicatures with isoplatic (equal in breadth) inner lamella; vestibule absent; observed in
forms with symmetrical shells—Selebratina and Coryellina (Late Devonian-Carboniferous) (Text-
figs. 3-5-3-7). The role of internal contact structures is played mainly by the inner lamellae.

2) Duplicatures with mesoplatic (broad in the middle), lamella; vestibule absent; shells are
often asymmetrical. They were first observed in Geisina (Sohn, 1961) and Conodomyra and Oej-
lemyra (Schallreuter, 1968) and later discribed in Glyptopleura, Beyrichiopsis a.0. members of the
suborder Parapodocopina (Gramm, 1984b). In the contact both lamellae take part.

3) Duplicature with dilate (broadened) thin, pellicle-like inner lamella; vestibule absent. Ob-
served in the genus Janischewskya (Gramm, 1984a).

Morphologically, the above mentioned varieties of the free margin with duplicature differ sig-
nificantly from one another. They differ also from the situation seen in the free margin of the
Podocopina where the inner lamella is mesostenic (narrow in the middle; Gramm, 1984b) being
commonly wide in the anteroventral and posteroventral parts where a vestibule may be found, and
getting narrower in the region of the oral concavity of the ventral margin,

This short review testifies to a considerable diversity in the structure of the free margin in
“palaeocopid”™ ostracods. Although only partly perceived it shows that the order Palacocopida
in any sense (Osnovy paleontologii, 1960; Treatise on Invertebrate Paleontology, 1961) as well as
the order Beyrichiida (Pokorny, 1958) consist of heterogeneous elements. Owing to this the term
“palaeocopid(s)”’ is used here only in a very general sense.

Some examples showing the significance of free margin studies for systematics are given below.
The material was studied with the aid of a JSM-U3 and is stored in the Institute of Biology and
Pedology, Far East Science Centre, Vladivostok.
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Texr-FiG. 3—Free margin with duplicature. Transverse sections of carapaces, ventral parts. Inner calcified lamella
is hatched. 1-3. Buregia zadonica Polenova; 4. Anfedatia alveolata (Abushik) (= PFibylites alveolatus Abushik);
S. Selebratina curta Polenova in Rozhdestvenskaja; 6, 7. Coryellina advena Schneider et Tkatscheva; 6. after
Gramm, 1984b, Text-fig. 7 (6), middle of carapace; 7.in front of the middle. 1-3, 5. Upper Devonian;
4. Upper Silurian; 6, 7. Lower Carboniferous.

METHODS

The study of “palacocopid” ostracod contact structures was carried out either on closed cara-
paces by means of thin or polished sections, or on single valves. In the latter the duplicature is
usually distinguished during observations in reflected light or on the SEM. The homogeneous
and the epibolic free margins, as well as the duplicature, have been investigated in polished sec-
tions in reflected and transmitted light and on the SEM. In sections, both in transmitted and in
reflected light, the presence of the calcified inner lamella has been recognized by its colour: usually
the outer lamella (the wall of the shell) is a pale, often amber colour; the inner lamella is darker
coloured, often dark-brown. During studies of sections on the SEM the inner and outer lamellae
may be sometimes distinguished by the character of the surface. Obviously the section prepara-
tion technique needs to be improved because the boundary between the lamellae has been ob-
served rather rarely.

THE FREE MARGIN OF Buregia

During thin section investigations (Gramm, 1984b) it has been established that the construction
of the free margins in the species Buregia bispinosa Zaspelova in Polenova, 1953 (the type-species
of Buregia) and B. zudonica Polenova, 1953 differ sharply from those in B, krestovnikovi Polenova,
1953, It has been accepted that in the former the free margin is epibolic with an assymmetrical
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vitta which is present on the left valve only (?); at the same time it has been noted that “the asym-
metrical vitta in whole gives rise to doubt” (Gramm, 1984b, p. 31). In B. krestovnikovi a symme-
trical vitta has been revealed as a result of which the conclusion has been drawn that this species
cannot be referred to the genus Buregia and deserves recognition as an independent genus (ibid.
p. 10). The diagnosis of this genus—Gerubiella n. gen.—is given below.

Investigations in polished sections on the SEM reaffirmed the construction of the free margin
in B. krestovnikovi (Pl. 1, figs. 7-13; Text-fig. 2-2). Simultaneously it has been revealed that in B.
zadonica the free margin is not epibolic but with a peculiar duplicature—very narrow with an
inner lamella which is thicker on the right valve free margin, and thiner on the left (Pl 1, figs. 1-6;
Text-figs. 3-1-3-3). This has been confirmed by the repeated study of thin sections on a more
powerful microscope. The boundary between the inner and outer lamellae is visible.

Transparent shells (I had no single valves) show that the duplicature is of equal width along the
left valve free margin. The nature of the curved, outside, distal part of the left valve inner lamella
(Text-fig. 3-3) is not clear.

From the given data it follows that the Buregiidae Polenova, 1953 should include the asymmetri-
cal forms B. bispinosa, B. zadonica et al. only. Polenova (1960) has tentatively assigned the family
Buregiidae to the superfamily Kloedenellacea of the suborder Beyrichiida. At present however
the systematic position of the Buregiidae is unclear as has already been noted by Shaver (1961).
The presence of a duplicature indicates that that Buregiidae does not belong to the Palaeocopida.

The epibolic free margin of Buregia krestovnikovi (= Gerubiella krestovnikovi) shows that this
form also cannot be referred to the Palaeocopida. Its systematic position is unknown.

THE FREE MARGIN OF Saccelatia

Gramm, 1984b has shown that the Late Silurian Saccelatia bimarginata Netzkaja, 1958 and S.
oleskoensis Netzkaja 1960 (received from L. K. Gailite, Riga) possess differently built free margins—
homogeneous in the case of the first, and epibolic with symmetrical vittae in the second. Addi-
tional studies on polished sections confirmed the free margin structure of S. oleskoensis (PL. 2, figs.
7-12; Text-fig. 2-3). Simultaneously, it has been found that the homogenous free margin of S.
bimarginata is not a simple one but has contact grooves on each valve (Pl. 2, figs. 1-6; Text-figs.
1-4-1-6).

Abushik (1971), due to the presence of a marginal ridge (velate structure) transferred both
species to the genus PFibylites Pokorny, 1950. At the same time, she has described the species
Pribylites alveolatus Abushik, 1971 with a ridge-like projection (marginal ridge) from the Upper
Silurian of Podolia. In a transverse thin section (material kindly sent to me by A. F. Abushik) the
inequivalve nature of the carapace and the presence of a duplicature were established; therightvalve
inner lamella is thicker and rectangular, the left—lenticular. In closed valves the right valve inner
lamella is in contact with the left valve outer lamella (Pl. 2, figs. 13-15). It is believed that the
width of the lamella along the free margin is uniform.

All three forms possess different free margins and therefore belong to different and unrelated
genera. Unfortunately the free margin structure of the type species of Saccelatia Kay, 1940 (S.
arrecta (Ulrich, 1894) and P#ibylites (P. moravicus Pokorny, 1950) is still unknown. In the light of
the data obtained the important thing, of course, is not the question of which genera the above-
mentioned forms, should be assigned to, but the fact that the sharp differences in the free margin
contact structures do not allow them to be assigned to one and the same genus. The strongly
flattened ventral part suggests that S. bimarginata does not belong to the genus Saccelatia and
should be considered as a separate genus. The diagnosis of this genus, Netzkaina n. gen., is given
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below. It may be assumed, although with a certain amount of doubt, that the homogeneous free
margin allows it to be considered a member of Palaeocopida. Until data on the free margin of the
type species of Saccelatia appears, S. oleskoensis can be left in this genus. PFibylites alveolatus is
significantly inequivalve and because of this cannot belong to the genus Pribylites. Based on this
species an independent genus Anfedatia n. gen. is erected (see below). The participation of the

inner lamella in the free margin structure shows that the two forms cannot belong to the Palaeo-
copida.

FREE MARGIN OF Selebratina, Coryellina AND Gravia

In 1952 Polenova created the subfamily Graviinae. Later (Polenova, 1960) it was promoted to
the rank of family in which were included the genera Gravia Polenova, 1952, Selebratina Polenova,
1952, Coryellina Bradifield, and others.

The contact structures of Selebratina and Coryellina have been described by Gramm, (1984b).
They represent a duplicature with an isoplatic lamella. Here additional data are given that confirm
the validity of the duplicature. The inner lamella is well seen on separate valves of Selebratina aff.
S. spinosa Rozhdestvenskaja, 1959 from the Upper Devonian of the Novgorod region (PL 3,
figs. 1-3), S. aff. S. legibilis Polenova, 1953 from the same deposits of the Vologda region (Pl. 3,
figs. 4, 5) and S. ex gr. S. variolata Zanina, 1956 from the Visean of the Novgorod region (Pl 3,
figs. 6, 7) (material received from G. 1. Egorov). All valves belong to heteromorphs as indicated by
the tubercles on the posterior end. On the left valve of S. ex gr. S. variolata the inner lamella rises
above the outer lamella (Pl. 1, fig. 14). On the SEM-micrograph of a polished section of S. curta
Polenova in Rozhdestvenskaja 1959 the duplicature is well seen (P1. 3, figs. 11, 12; Text-fig. 3-5)
(material received from A. A. Rozhdestvenskaja).

Separate valves of Coryellina were not available. Photographs are given of thin and polished
sections of carapaces of C. advena Schneider et Tkatscheva, 1972 from the Tournaisian (Pl. 3,
figs. 8-10) (material received from M. N. Noskova). On the sections of C. advena and S. curta
the inner lamella is distinctly visible. In reflected light it is distinguished from the outer lamella
by its darker colour. On SEM-micrographs both lamellae differ in the surface structure, bubbled
and smooth in the case of the inner lamella and fine-grained in the outer lamella (P1. 3, figs. 10, 12).
These facts prove the real existence of the inner lamella in Selebratina and Coryellina and do not
allow one to speak of a “thickened part of the free margin” in Adamczak’s sense (Adamczak,
1968, p. 48) or an infold in Kornicker’s sense (Kornicker, 1969). There are two different layers,

Representatives of Gravia were also investigated (Gramm, 1984b). An epibolic free margin with
a symmetrical vitta has been found in them. Here SEM-micrographs are given of a transverse

PLATE 1-—Most of the photographs were prepared from polished sections with the aid of SEM. Special indications
are made in cases of using transmitted light. All sections are transverse, given in posterior view. L: length of
carapace or valve, um.

Figs. 1-6. Buregia zadonica Polenova. 1. Carapace left lateral view, 1147/69-3, L = 1130. x 37; 2-6. Carapace,
1147/69-4, L = 1125, transverse section. 2. X 66; 3. Ventral part. x213; 4. Right valve duplicature. x 530;
5. Left valve duplicature. x490; 6. The same, nearer to the middle. x540. Novgorod region, Upper
Devonian, Lower Frasnian.

Figs. 7-13. Gerubiella krestovnikovi (Polenova) (= Buregia krestovnikovi Polenova). 7-9. Right valve, 1147/10-1,
L = 1400. 7. External view. x26; 8. Internal view; vitta and hinge are seen; the adductor muscle scar is
slightly observed. x36; 9. Posterior part of ventral margin; vitta with list is seen. x130; 10, 11. Carapace,
1147/80-1, L = 1500, transverse section. 10. x43; 11. Ventral part, vittae are seen. x350; 12. Carapace,
1147/80-7, transverse section; vittae. x300; 13. Carapace, 1147/80-8, transverse section; left valve vitta.
% 300. Novgorod region, Upper Devonian, Lower Frasnian.

Fig. 14. Selebratina ex gr. S. variolata Zanina. Left valve internal view, 1147/40, L > 550. Along the free margin
on proximal side the inner lamella runs. x 70. Novgorod region, Lower Carboniferous, Visean.
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polished section of Gravia sp. from Upper Devonian (Pl. 3, figs. 14, 15) (material received from
N. A. Fokin), on which the vittae are seen on both valves (Text-fig. 2-4).

The presence of the free margin with duplicature in Selebratina and Coryellina and epibolic in
Gravia shows that we have two essentially different Ostracoda groups that cannot be placed in the
same family (Gramm, 1979). Because of this Selebratina and Coryellina were separated from the

Graviidae and the family Selebratinidae has been erected (Gramm, 1984b). The position of the lat-
ter is discussed below.

THE SYSTEMATIC POSITION OF THE SELEBRATINIDAE

The genera Selebratina and Coryellina and their systematic position were a point at issue in many
works (Bradfield, 1935; Polenova, 1952, 1953, 1960, 1982; Rozhdestvenskaja, 1959, 1966, 1972;
Tschizhova, 1960; Levinson ef al., 1961; Sohn, 1962; Adamczak, 1968; Becker, 1970; Griindel,
1977, Melnikova, 1979; Wang Shang-qi, 1982; Adamczak and Becker, 1983). Apart or together
they were assigned to Primitiidae, Aparchitacea, Graviidae, Kloedenellidae, Leperditellidae.
Rozhdestvenskaja (1959) and Tschizhova (1960) indicated a vertical row of three little knobs on
the posterior. It should be noted, that due to these dimorphic features Sohn (1962) tentatively placed
Coryellina (and Selebratina) in the Primitiopsidae Swartz, 1936, Adamczak (1968) introduced the
concept of perimarginal structures in which he placed the three tubercles (of Coryellina) already
mentioned. Rozhdestvenskaja (1966) objected to assignment of both genera to the Primitiopsidae.
After 1970 the idea became prevalent that Selebratina and Coryellina, as a part of the Graviidae,
belonged to the Primitiopsacea.

In a short report Gramm (1979) has shown that the calcified inner lamella takes part in the
free margin structure of Gravia (in a form of vittza) and in Selebratina and Coryellina (as a duplica- .
ture). Later on the family Selebratinidae was established (Gramm, 1984b). With that was noted
“the striking resemblance of Selebratina and Coryellina to Gravia that is expressed by similar out-
lines, by the presence in them of lateral spines and such dimorphic features as vertical rows of
tubercles on the posterior end.” (Gramm, 1984b, p. 43). It has been mentioned also that this
similarity may be either an astonishing example of convergence or, in contrast, evidence that
Selebratina has descended from Gravia (ibid., p. 43). In the latter case it has been assumed that
the duplicature of Selebratina may have originated from the vitta of Gravia (ibid., p. 47). Now,
however, it is preferable to consider the epibolic free margin and the free margin with duplicature
as independent structures. The above-mentioned similarity of external morphology of Selebratina
and Gravia needs an explanation that excludes relationship. Most likely the question may be one
of homoeomorphy.

Of paramount importance is the question of relationship with the Primitiopsidae. Observations

PLATE 2—Most of the photographs were prepared from polished sections with the aid of SEM. Special indica-
tions are made in cases of using transmitted light. All sections are transverse, given in posterior view. L:
length of carapace or valve, um.

Figs. 1-6. Netzkaina bimarginata (Netzkaja) (= Saccelatia bimarginata Netzkaja). 1. Carapace right lateral view,
1134/29-2, L = 1075, x 39; 3. Carapace, 1134/29-1, L = 1075, transverse section. X 54; 2, 4-6. Carapace,
1134/30-3, L = 1100; 2. Ventral view. x40; 4-6. Transverse section, ventral part; 4. x132; 5, 6. Contact
grooves on the free margin of each valve. X350, %x900. Lithuanian SSR, Upper Silurian, Ludlovian stage.

Figs. 7-12. Saccelatia oleskoensis Netzkaja. 7. Carapace left view, 1134/32-3, L = 950. x 39; 8. Carapace ventral
view, 1134/33—4, L = 875. x39; 9-12. Carapace, 1134/31-1, L = 875, transverse section; 9. X62;
10. Ventral part, X 198; 11. Left valve vitta. x470; 12. Right valve vitta. X470. Lithuanian SSR, Upper
Silurian, Ludlovian stage.

Figs. 13-15. Anfedatia alveolata (Abushik) (= Pribylites alveolatus Abushik). 13-15. Carapace, 1118/19-2,L =
600; 13. Lateral left view, X 50; 14, 15. Transverse section, transmitted light; 14. x93; 15, Ventral part;
duplicature is seen. x445. Podolia, Upper Silurian, Ludlovian stage, Malinovtsy horizon.
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on sections of Primitiopsis planifrons Jones, 1887 (received from VL. Pokorn¥), Amygdalella sub-
clusa Martinsson, 1956 and Polenovula solida Gailite, 1966 (received from A. F. Abushik, L. K.
Gailite and N. V. Sidaravitchene) have not revealed on the free margins of these forms a calcified
inner lamella either in a form of a vitfa or as a duplicature. The presence of a vitta in Gravia and of
a duplicature in Selebratina—Coryellina does not allow their amalgamation with the Primitiopsidae.

From the above it follows that at present the systematic position of the Selebratinidae is not
clear. The systematic position of Gravia is also not clear.

CONCLUSIONS

E. Triebel has shown convincingly that in ostracods the role of “adaptive convergences” is con-
siderable, (Triebel, 1941, p. 366) similar external features being found in different genera and
families. Of great importance is his idea that if ‘““the ties of relationship are expressed also in taxo-
nomical grouping then preference cannot be given to less valuable but easily recognised char-
acters at the expense of those that have a fundamental significance although they are harder to
observe (ibid., p. 372). Undoubtedly, under the latter, Triebel implied the internal features. On
the genera Paracytheretta (Triebel, 1941, p. 374), Cnestocythere and Schizocythere (Triebel, 1950b)
he demonstrated the significance of the inner lamella and of the hinge (correspondingly) for re-
vealing cases of homoeomorphy. These views were backed up by Pokorny who wrote concerning
the Palaeozoic ostracods: “The diversity of free margin and hinge structures gives the palaeonto-
logist a very suitable tool for a radical improvement of the existing system of the Palaeozoic ost-
racords, which is based largely on the general form and sculpture. Both these features, however,
are largely convergent and the conclusions made on their basis must be neccesarilly controlled on
another basis” (Pokorny, 1959, p. 339). In other words Pokorny admits that the external features
must be controlled by the internal. '

In several examples I have demonstrated that notwithstanding the similarity of external char-
acters a significant lack of coincidence of free margin contact structures is observed: 1. In spite of
a certain resemblance of general form (straight hinge margin, convex ventral margin) and spines

PLATE 3—Most of the photographs were prepared from polished sections with the aid of SEM. Special indicat-
ions are made in cases of using transmitted light. All sections are transverse, given in posterior view, L:
length of carapace or valve, gm,

Figs. 1-3. Selebratina aff. S. spinosa Rozhdestvenskaja. 1-3. Left valve. 1147/31-1, L = 775; 1. External view.
% 38; 2, 3. Internal view; the inner lamella is seen; 2. x45; 3. x 115, Novgorod region, Upper Devonian,
Lower Frasnian. :

Figs. 4, 5. Selebratina ex gr. S. legibilis Polenova. 4, 5. Right valve (broken longitudinally), 1147/42-1, L = 775;
4. External view. X37; 5. Ventral part internal view; the inner lamella is seen. x66. Vologda region,
Upper Devonian, Lower Frasnian.

Figs. 6, 7. Selebratina ex gr. S. variolata Zanina. 6,7. Left valve (damaged anteriorly), 1147/40,L = 550;
6. External view. x60; 7. Internal view; the inner lamella is seen. x64. Novgorod region, Lower
Carboniferous, Visean.

Figs. 8-10. Coryellina advena Schneider et Tkatscheva. 8. Carapace left lateral view, 1132/5-3, L = 700. x47;
9. Carapace, 1132/5-4, L = 700, transverse section, transmitted light; inner lamellae in contact. x 104; 10.
Carapace, 1132/5-2, L = 725, transverse section, ventral part; on the left valve the limit between the inner
and outer lamellae is better seen. X 490. Komi Autonomous Republic, Lower Carboniferous, Tournaisian.

Figs. 11, 12. Selebratina curta Polenova in Rozhdestvenskaja. 11. Carapace left lateral view, 1139/1-5,
L = 675. x41; 12, Carapace, 1139/1-3, L = 630, transverse section, ventral part; the inner lamella is well
distinguished on both valves. x 350. Bashkiria Autonomous Republic, Middle Devonian, Givetian.

Figs. 13-15. Gravia sp. 13. Carapace left lateral view, 1128/54-3, L = 800. x 37; 14, 15. Carapace, 1128/55-2,
L = 825, transverse section; 14, X 69. 15. Ventral part; vittae are seen. x 400, Komi Autonomous Republic,
Upper Devonian, Lower Frasnian, Sargajev horizon.
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on antero-ventral and postero-ventral parts in Buregia zadonica and B. krestovnikovi the free mar-
gin in the first species has a duplicature and in the second is epibolic. 2. The presence in Saccelatia
bimarginata, S. oleskoensis and Pribylites alveolatus of a ridge-like projection or a marginal (velate)
ridge suggests the genus Pribylites, but the first species has a homogeneous free margin, the second
an epibolic and the third has a duplicature. 3. There are similar spines in the ventral half and
similar dimorphic structures in the form of perimarginal tubercles on the posterior end in Gravia,
Selebratina and Coryellina, but the first genus possesses an epibolic free margin and the other
two have a free margin with duplicature with an isoplatic inner lamella.

Great importance is attached to these facts. In accordance with the afore-mentioned views of
Triebel and Pokorny I believe that in course of classification of the listed “palaeocopid” ostracods
preference should be given to the internal characters but not to the external ones. The study of
internal contact structures shows that in the examples given we are dealing with homoeomorphs,
i.e. outwardly similar forms that possess different inner structure (Afanasieva, 1977); they do not
belong to the same genera and certainly have a different family (or even higher) status. From this
it follows that terminal and lateral spines, ridge-like projections or marginal (velate) ridges and
perimarginal dimorphic structures are convergent formations (features) the use of which in classi-
fication needs great care. Therefore, purely on the grounds of internal contact structures the new
genera Netzkaina n. gen., Gerubiella n. gen. and Anfedatia n. gen. are distinguished, and the in-
dependence of Graviidae and Selebratinidae is recognized.

Because of the investigation of inner contact structures the meaning of the domiciliar dimor-
phism is better comprehended; its presence in Buregia s. s. and in Gerubiella n. gen., which possess
different patterns of free margin, shows that this type of dimorphism occurs in unrelated groups
and therefore cannot rank highly as a systematic criterion. At present the data obtained are not
numerous. A wide examination of *“‘palaeocopid” ostracods is needed for the purpose of revealing
the different types and varieties of free margin and clearing up the extent to which the calcified
inner lamella takes part in it. Of great importance also is the need to comprehend the interrela-
tionship between the external features and the margin contact structures of ‘‘palacocopids”.

It is believed that studies of the free margin internal structures together with investigations of
other internal structures of “palaeocopids” such as the central muscle field, and hinge should fav-
our a better understanding of the history and evolution of the whole Class Ostracoda with the
elucidation of the phylogenetic relationships of the different groups. ‘

SYSTEMATIC PART

Incerti Ordinis et subordinis
Family NETZKAINIDAE n. fam,

Type genus.—Netzkaina n. gen. Upper Silurian, Ludlovian stage. Estonian SSR.

Diagnosis.—Carapace equivalved; free margin homogeneous with a groove on each valve. La-
terally truncate-oval. Dorsally boat-shaped, greatest width behind the middle. Dorsal margin
straight, ventral margin convex. Both ends broadly rounded, the anterior slightly higher. Ventral
part flattened with a marginal ridge along the bend. Surface smooth. Central muscle field and
hinge unknown.

Assigned genera.—The type genus.

Remarks.—The systematic position of the new family is unknown. By the presence of a homo-
geneous free margin with a groove the family differs strongly from the Graviidae which possesses
an epibolic free margin,

Upper Silurian.



Free Margin Contact Structures in Paleocopid 171

Genus NETZKAINA n. gen.

Derivation of name.—In honour of Anna Iossifovna Netzkaja—the distinguished investigator of
Ordovician-Silurian ostracods.

Type species.—Saccelatia bimarginata Netzkaja, 1958. Netzkaja, 1958, p. 246, Pl. 2, fig. 9.
Upper Silurian, Ludlovian stage, Kaugatma strata. Estonian SSR, Esel.

Diagnosis.—As for the family.

Assigned species.—The type species only.

Remarks.—The setting up of the new genus and its separation from the genus Saccelatia is based
on the homogeneous free margin and flattened ventral part. It is accepted (until data about the free
margin of S. arrecta, the type species of Saccelatia, is available that for Saccelatia the epibolic free
margin is characteristic (S. oleskoensis). Gramm, (1984b) has shown that S. bimarginata (= Netz-
kaina bimarginata) has a simple homogeneous free margin; new observations have revealed the
presence of grooves.

Occurrence—Upper Silurian; Estonia and Podolia.

Incerti ordinis and subordinis
Family GERUBIELLIDAE n. fam.

Type genus.—Gerubiella n. gen. Upper Devonian, Frasnian. Voronezh region.

Diagnosis.—Carapace with epibolic free margin and symmetrical virta. Carapaces elongate-
ovate, nearly equivalved, the right valve slightly overlaps. Both ends rounded with an anteroven-
tral and posteroventral spine. Surface punctate or reticulate. Domiciliar dimorphism present.

Assigned genera.—The type genus.

Remarks.—The systematic position of the new family is uncertain. The epibolic free margin
of Gerubiella n. gen. with its asymmetrical vitta differs markedly from the asymmetrical free mar-
gin of Bureiga with a peculiar duplicature. Domiciliar dimorphism observed in Gerubiclleidae n.
fam. cannot validate assignment to the Kloedenellacea as this type of dimorphism is present in
different unrelated groups.

Middle and Upper Devonian.

Genus GERUBIELLA n. gen.

Derivation of name.—anagram from Buregia + ella.

Type species.—Buregia krestovnikovi Polenova, 1953. Polenova, 1953, p. 63, Pl. 7, figs. 1-3.
Upper Devonian, Frasnian, Voronezh region.

Diagnosis.—As for the family.

Assigned species.—In addition to the type species, Buregia magnifica Rozhdestvenskaja, 1972
from the Lower Famennian of Bashkiria and B. groosae Zbikowska, 1983 from the Upper Give-
tian of Poland and BRD.

Remarks.—In G. krestovnikovi, on the external side of the vizza there is a list (P. 1, figs. 9, 11);
the adductor muscle scar is some distance in front of the middle (PL 1, figs. 7, 8) and represents an
irregular crowding of up to 25 tuberculate stigmata; the hinge-margin of the right valve bears a
narrow groove that widens slightly in its posterior third (Pl 1, fig. 8).

Occurrence.—Middle and Upper Devonian; European part of RSFSR, Poland and BRD.

Incerti ordinis et subordinis

Family ANFEDATIIDAE n. fam.
Type genus.—Anfedatia n. gen. Upper Silurian, Ludlovian stage, Malinovtsy horizon. Podolia.
Diagnosis.—Carapace with duplicature on free margin; from subtriangular to semicircular in
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outline; dorsal margin straight, ventral margin convex. Right valve larger than the left. A ridge-
like projection or a poorly developed ridge runs along the ventral and posterior margins. Surface
sparsely punctate. Central muscle field and hinge unknown.

Assigned genera—The type genus.

Remarks.—The systematic position of the family is uncertain. In the presence of a duplicature
the family differs markedly from the Graviidae which possesses an epibolic free margin and to
which the type species of the type genus was originally assigned (Abushik, 1971). The participation
of the inner lamella in the free margin structure does not allow assignment to the Primitiopsacea.

Upper Silurian,

Genus ANFEDATIA n. gen.

Derivation of name.—The name is compiled from the initial syllables of the name and patrony-
mic of Anna Fedosovna Abushik—the distinguished researcher on Silurian-Devonian ostracods.

Type species.— PFibylites alveolatus Abushik, 1971. Abushik, 1971, p. 52, P1. 22, figs. 5, 6. Upper
Silurian, Ludlovian stage, Malinovtsy horizon, lower part. Podolia, the Dniester.

Diagnosis.—As for the family.

Assigned species.—The type species.

Remarks.—The new genus cannot belong to the genus Pribylites because of its significantly
inequivalve nature (PL. 2, figs. 14, 15) and the presence of a duplicature which is most likely absent
in PFibylites. Data on the free margin structure in the type species of Pribylites, P. moravicus Po-
korny, 1950 are badly needed.

Occurrence.—Upper Silurian, Ludlovian. Podolia.
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The Origin of the “Xestoleberis-spot”

DiETMAR KEYSER
Zoologisches Institut und Museum, Hamburg, F.R. Germany

ABSTRACT

The Xestoleberis-spot of Xestoleberis aurantia is studied in detail. The main feature of the spot
is an irregularity in the inner part of the calcified exocuticle, Apart from that it is just a place where
two muscle scars are present. The question of whether the varying size of the spinning gland lying
in between these muscles is the cause of noncalcification in the Xestoleberis-spot is discussed.

INTRODUCTION

Among the podocopid ostracods, the family Xestoleberididae stands apart from the other families.
This family sprang up, as many others did, in Cretaceous times (Deroo, 1966; Van Veen, 1936).
Since then it has not changed much in character. Nothing is known about its ancestry and its
relationship to other families.

It is characterised by a smooth, highly arched shell which is pointed anteriorly and flattened
ventrally. A diagnostic feature of the whole group is the so-called ‘“Xestoleberis-spot” (or ‘““nieren-
férmiger Fleck’). This spot is a conspicuous irregularity visible on the inner surface of the detached
valve. G.W. Miiller in 1884 was the first to notice this structure and believed that this feature was a
remnant of a “valve-gland”. However in 1894 he recanted this and mentioned only that this struc-
ture belonged to the inner chitin layer of the calcified lamella of the shell (G.W. Miiller, 1894, p. 93).
Wagner (1957) mentioned this spot in his thesis as antennal muscle scars, although with a question
mark. An outstanding photograph of this spot was presented by Triebel (1958, Pl. 2, fig. 9) but
without explanation. McKenzie (1972) referred to it as “‘eye-scar”, an explanation which is found
more often in the younger literature. Bonaduce ef al. (1980) figured the spot on the outside of
Ornatoleberis, where it appears on a pitted surface as a smooth area, comparable to the region of the
eye.

The only conclusion that can be drawn from all these works is that nothing is known about the
morphology, origin and function of this peculiar structure. The present study was undertaken to
gather more information on this structure and to solve the problem of the function of the “Xestole-
beris-spot.”

MATERIAL AND METHODS

The material for this study was mainly Xestoleberis aurantia (Baird, 1838) collected in the Baltic
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Sea. About fifty specimens were available for light microscope, transmission electron microscope
and scanning electron microscope studies. The specimens were collected with a handnet, 180 um
mesh, in the phytal zone at a depth of between 1 and 8 metres. They were picked out individually
under a stereo-microscope using a pipette. The animals were kept alive in a small bowl at 15°C
with 14 hours of light, a weekly change of water and no extra food.

Several live animals were observed under the stereo-microscope. Afterwards they were fixed in
70 %, ethyl alcohol, dissected and embedded in polyvinyl-lactophenol stained with Orange-G. Some
were heated in KOH prior to dissection and were then embedded. Others were put in clove oil for
a fortnight to make them translucent and then examined under the microscope. Specimens used for
sectioning and examination under the light microscope (LM) and in the TEM were treated in the
same manner. They were initially fixed in 2.5 % glutardialdehyde in 0.05 mol phosphate-buffer and
5% sucrose and then washed in buffer with sucrose three times. Postfixed with 2%, OsO, in the
same buffer, they were then washed three times in buffer, decalcified in EDTA and dehydrated in
graded acetone, before being embedded in Spurr’s resin (Spurr, 1969). Semi-thin and ultra-thin
sections were cut with a Reichert Om/U II Ultramicrotom. Semi-thin sections were stained with
Toluidinblue and Pyronin after Holstein and Wulfhenkel (1971), ultra-thin sections with uranyl-
acetate (Stemper and Ward, 1964) and leadcitrate (Reynolds, 1963). Photographs were taken with
a Leitz Dialux for light microscope and a Zeiss EM 9 for TEM.

Specimens for the SEM were fixed in 29, glutardialdehyde in phosphate-buffer, dehydrated in
acetone and critical-point dried with CO, in a Balzers CPT. They were sputtered in a GEA-004
S manufactured in Graz, Austria, and viewed under an SEM Cambridge S-4. These dried spec-
imens were broken up with fine needles to allow the inner structure to be seen.

RESULTS

Xestoleberis auraniia (Baird, 1838) is an ostracod of 500 xm length. The shell is roughly round
when seen end on and triangular from the side. In dorsal view it is slightly egg-shaped with a
pointed anterior (Pl. 1, fig. 1). The ventral part is flattened. The surface of the valves is smooth with
several simple or sieve type pore canals. The fused zone is broad. The calcified inner lamella is
especially broad in the anterior part thus forming a pronounced vestibule (P1. 1, fig. 5). The hinge
is merodont. The central muscle field consists of four vertically arranged scars and a V-shaped
frontal scar. Behind the eye region is a typical reniform spot, which is diagnostic for all Xestole-
berididae, the so-called ‘“Xestoleberis-spot” (Pl. 1, figs. 4-8).

The nauplius-eye of Xestoleberis aurantia is divided into three parts. Two are laterally coalesced
with the valves, just in front of the frontal end of the hinge. The third eye is found at the top of the
forehead on the same level as both lateral eyes (Pl. 1, fig. 3). The ‘“Xestoleberis-spot” is situated
behind the lateral eyes. It is always separated from the eye-scar. From the outside no imprint is
visible in this area on the surface. In transmitted light an elongated inclusion, bordered by several
bubble-like structures (Pl. 1, fig. 4, s.a. Triebel, 1958) is visible.

In single detached valves the inner view reveals mostly a slitlike, elongated and elevated struc-

PLATE 1—Xestoleberis aurantia (Baird, 1838)

Fig. 1. Dorsal view. Fig. 2. Lateral view of the complete male animal with removed right valve. Fig. 3.
Frontal view. Fig. 4. Light microscopic view of the animal, showing the ‘‘Xestoleberis-spot”. Fig. 5.
Interior view of the left valve, showing the “Xestoleberis-spot” with two slits. Fig. 6. *‘Xestoleberis-spot”
with two muscle scars. Fig. 7. *“Xestoleberis-spot” with two slits. Fig. 8. “Xestoleberis-spot” with one
big slit. Fig. 9. Transverse fracture through the “Xestoleberis-spot” showing the main and two side vesicles
within the calcified outer layer of the cuticle. Fig. 10. The same area as in Fig. 9 only in a TEM
section.
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ture behind the eye-scar (P1. 1, fig. 5). This slit begins slightly beneath the anterior part of the hinge
and runs, slightly arched anteriorly, in a vertical direction to about the middle part of the valve,
The slit is mostly surrounded by an elevated rim and opens into the shell (Pl. 1, fig. 8). In some
instances this slit is divided into two vertically running clefts separated by a solid ridge (PL. 1, fig. 7).
Only in very rare cases is a specimen found without this torn area. The region is then elevated and
shows a muscle scar at both the upper and lower ends of the arch (Pl. 1, fig. 6). These scars are locat-
ed at the front edge of the elevated area. The muscle scars each measure 20 um by 4 um with the gap
between them (7 um) bringing the length of the whole elevated structure to about 50 um. The
breadth varies from about 10 um to 15 um. In fractured shells th's area shows up as vesicles un-
derlying the “Xestoleberis-spot” (Pl. 1, fig. 9), with a main vesicle running beneath the whole spot,
flanked by smaller and shorter ones connected to the main one by small tubes (PI. 1, fig. 10; P1. 2,
figs. 6and 8). These lateral vesicles correspond to the bubble-like structures seen in transmitted light
in the living animal. The vesicles are separated from the surface of the shell and from each other by
the normal calcified cuticle which is then arranged in such a manner as to withstand tractive forces
from the side of the inner cuticular layer (Pl. 1, fig. 10; P. 2, fig. 2). While the calcified cuticular layer
shows only a few chitinous fibrils often oriented in various directions, the inner cuticular layer is
mainly composed of chitinous fibrils running parallel to the extension of the shell. This can best be
seen in TEM sections (Pl. 1, fig. 10).

The vesicles are filled with a homogenous substance which differs in appearance (in SEM and
TEM micrographs) from the other material present (Pl. 2, fig. 3). However one thing is striking,.
Material of the above type is often encountered in TEM sections when it lies as filiform droplets in
the middle of the calcified layer of the shell without there being any connection to the “Xestoleberis-
spot” (PL. 2, fig. 2). It stains in the same manner as the other chitnous substances present.

At the junction of the main vesicle and the inner cuticular layer is an electron-dense plate
of 0.1 um thickness within the inner cuticular layer (Pl. 1, fig. 10; PL. 2, fig. 4). The material of the
main vesicle adheres to the plate by means of several protrusions which have “footholds” on the
plate (PL 1, fig. 10; Pl. 2, fig. 2). In the vicinity of the *Xestoleberis-spot™ the inner cuticular layer
is very well defined and here about 1um thick. No electron-dense plate is developed between the
small bubble-like vesicles at the margin of the main vesicle and the inner chitinous layer (Pl. 1,
fig. 10).

From the electron-dense plate, at right angles to the inner cuticular layer, tendon-like filament-
bundles penetrate this layer to the underlying epidermal cell. This is itself connected to the above
bundles on the one hand and to a muscle through strong clefts and desmosomal adhering plaques
on the other (Pl 2, fig. 4).

Four strong muscles are connected to the ““Xestoleberis-spot”. They are separated into an upper
and three lower ones. The upper one runs from the forehead of the animal from just above and me-
dian of the base of the antennule beneath the median eye tubercle. The other three muscles adhere
at the protopodite of the antenna, the lowermost running to the base of the spinning bristle. The

PLATE 2—Xestoleberis aurantia (Baird, 1838)

Fig. 1. Fracture of the *“ Xestoleberis-spot’” showing the vesicles and the impression of the spot on the inner
surface of the shell. Fig. 2. TEM section, showing vesicles in the shell and the adjoining upper muscle.
Fig. 3. Fracture of the main vesicle showing the adhering muscle, the homogenous substance and a
connecting tunnel entrance to the side-vesicles. Fig. 4. A section showing the inner chitinous layer with
the incorporated plate. On top of it the vesicular substance with its footholds. Below the epidermal cell with
the big clefts connecting itself to the muscle. Note the tendon-like fibre-bundles connecting the epidermal cell
to the plate. Fig. 5. SEM-photograph of the tendon-like projections left over by removing the epidermal
cell from the chitinous layer. Fig. 6. *‘Xestoleberis-spot” with the three lower muscle cells, the spinning
gland and the hepatopancreas (liver). Fig. 7. SEM-photograph of the desmosomal clefts in the epidermal
cell where it connects to the muscle. Fig. 8. A TEM-section showing the desmosomal clefts as well as the
tendon-like fibre-bundles distributing the pull of the muscle to the main vesicle in the cuticle.
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TExT-FIG. 1—Schematic drawing of the internal organisation of the functionally important parts related to the
““Xestoleberis-spot”.

muscle scars which are sometimes visible in an inner view of the *Xestoleberis-spot’ are the adhe-
sion points of the upper and all three lower muscles (Text-fig. 1). Between the space of the upper
and lower muscles lies the spinning gland with its reservoir. In the posterior part it is linked to
the hepatopancreas (Pl. 2, fig. 6).

The upper muscle meets a second one which connects to the shell more dorsally than the *“Xestole-
beris-spot”. Both lie in the vicinity of the lateral eye and run ventrally of the lateral eye nerve to the
frontal part of the head. The lower muscle follows more or less the path of the excretion tube of the
spinning gland. A characteristic feature of the muscle cells is a swelling of their base at the shell.
The reason for the swelling is not yet understood since one part of the cytoplasma does not have
any inclusions and stains very light, and another part of the cell opposite the muscle fibres appears
normal with dense cytoplasma (Pl. 2, fig. 6).

A connection to the eye is not visible. There is also no hint in the morphologic structure of an
underlying gland. The area does not show any special nervous connections. The only specialized
region in the *“Xestoleberis-spot™ is the three arched vault in the non-living material of the calcified
lamella in the shell.

DiscussioN

Since 1884, when Miiller (p. 14) first mentioned the ““Xestoleberis-spot”, not many investigations
have dealt with this feature. Miiller (1894) himself noticed the systematic value of the spot when he
used it in his generic diagnosis. He also noticed this spot in the genus Microxestoleberis. Most of
the later authors did not mention this diagnostic feature for the genus (Sars, 1928; Klie, 1938).
However this changed when Triebel (1958) recognized that the spot was a diagnostic feature for the
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whole family. Since then most studies include the ‘‘Xestoleberis-spot” in the systematic des-
cription, sometimes as an ‘“‘eye-scar” (McKenzie, 1972, 1977), sometimes as a crescentic spot
(Bate et al., 1981) or just as “Xestoleberis-spot”” (Athersuch, 1977).

Many hypotheses have been put forward in explanation and rejected. Miiller (1884) thought it
was a remnant of the shell-gland. He rejected this however in 1894. Wagner (1957) thought it
represented antennal muscle scars, a suggestion that has not been accepted by anyone. Whittaker
(1972) believed that he had seen a connection between the eye and the ‘Xestoleberis-spot” on the
shell and suggested a sensory function connected with vision. This has also not been verified
(Athersuch, 1977).

The structure itself has already been observed by Miiller (1894), and Athersuch (1977) also
studied this area. It is a slit between the upper and lower part of the calcified lamella. Miiller
simply called it an irregularity in the inner chitinous layer. These observations have been verified in
the present study. However, in living animals, the observed slit is always filled with material (PI. 2,
fig. 3). The observation of Wagner (1957) that it is connected with the antennal muscles, was also
correct. In most instances though, as already mentioned, these muscles are torn off the carapace
and the thin inner chitinous layer tears with it so that the underlying slit of the main vesicle (P1. 1,
fig. 8) is opened up. At times the whole channel is opened, but sometimes only the point at which the
muscles adhere is (Pl 1, fig. 7). In one instance, therefore, only one big slit can be seen (Bate et al.,
1981) and in another, two smaller slits (Athersuch, 1977). Only very rarely are the muscles removed
so gently that the muscle scars are visible (Pl. 1, fig. 6).

It is remarkable that no one believed the theory of Wagner (1957) that this was a place where
muscles connect to the shell. Triebel (1958) refers to Wagner, but rejects the latter’s ideas because
other muscle scars do not possess such a structure as the “Xestoleberis-spot”. The results of the
present study show that in this place a group of muscles are fastened to the shell (P1. 2, figs. 2, 3, 6,
8). These muscles are present also in other ostracods, such as Cypridopsis vidua (Smith, 1965) for
instance, but they are grouped in another way due to the different shape of the shell. Due to their
function of retraction of the complete forehead together with the antennule and antenna, these
muscles are comparatively strong. As a result of the shape of the carapace, which is elongated and
pointed in the species studied, the animal has to extend its front limbs more than those in other
families in order to work them properly (Pl. 1, fig. 2).

A further important factor is that one of the lower muscles controls the efflux of the spinning
secretion (H. Miiller, 1980). If one considers that this animal depends up to about 909/ on the
spinning threads it produces for its movements, it can be understood why the spinning gland is very
strongly developed. The statement by Zenker (1854) that the spinning gland lies between the
muscles of the antennae was verified. The pull exerted by the muscles is transferred by way of an
epidermal cell and by tendon-like filament bundles on to the plate in the chitinous layer of the
calcified shell and then over the footholds into the homogenous substance of the *“Xestoleberis-
spot” (PL. 2, figs. 2, 4). This is a relatively clear way of muscle function. However, the question posed
by Triebel (1958) remains: Why do other muscles not develop such a structure? What is so special
at this adhesion point, and especially in this family?

Members of this family differ from other families in two ways. Firstly, in the shape of the shell,
which is pointed at the front and so requires the presence of strong retracting muscles. Secondly,
in the greatly developed usage of the spinning gland which lies just in the middle of the muscles.
Both are here taken into consideration, as both the:e facts could provide the answer to the question,
since no other specialised structures could be found.

If it is realized that the activity of the spinning gland is very high (H. Miiller, 1980), it means that
the secretion has either to be stored away in the reservoir of the cell or be constantly used for the
secretion of the spinning thread. In a closed shell, a constant secretion is unlikely, so the reservoir
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TexT-FIG. 2—Muscle direction with empty TexT-F1G. 3—Muscle direction with filled reservoir
reservoir of spinning gland. of spinning gland.

of the spinning gland has to change constantly its volume. If the muscles contract when the
reservoir is empty, the force of the muscles is applied at right angles to the shell (Text-fig. 2). If
the reservoir is filled, the muscles have to strain around this swollen, ball-like structure (Text-fig.
3). This means a different direction of pull at the shell. Such constant change in the direction of
pull at the muscle scar must account for the development of the “Xestoleberis-spot”. Two facts
therefore explain the reason for this spot. Firstly, the scars must sit on the shell in such a way
that it is flexible. This is achieved by the morphological structure found. Secondly, during
calcification after moulting, it is not possible to develop calcite in this area because of continuous
changing stress. The vesicles, therefore, contain only the matrix of the calcified layer of the
cuticle. Such an explanation would also account for it having the same staining quality as is
found in the other chitinous parts of the shell.

Several questions must follow such an explanation. With a spinning gland developed in many
Cytheracea (Hartmann, 1966), why is such a spot only developed in the Xestoleberididae? The ans-
wer must lie in the different internal organisation and body shape of the animals. For example, in
Hirschmannia the corresponding muscles are very small, in Semicytherura they lie in front of the
gland, in Hemicythere the gland is not so strong and in Paradoxostoma there are no muscles in the
vicinity.

A further question must be: Why are the spots so different that their shape can sometimes be
characteristic for a species (Hartmann pers. comm.)? It appears that the outline of the carapace in
connection with the position of the spinning gland can account for these differences. In short, high
specimens the spot is often more prominant than in longer, more depressed forms. (Hartmann,
1978, 1979, 1980, 1981; Athersuch, 1976). Several other questions still remain to be solved. For
example: what is the development in larval animals? why do the muscle cells have such swollen
bases? and several others.

SUMMARY

The “Xestoleberis-spot” of Xestoleberis aurantia (Baird, 1838) was investigated. The main feature
of the spot is an irregularity in the calcified layer of the shell. The spot consists of a main vesicle with
several bubble-like extensions within in the calcified matrix of the cuticle. These structures are filled
with a homogenous substance which has the same staining qualities as the other chitinous substan-
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ces of the calcified shell. Between these vesicles in the calcified layer and the epidermal cells is a
distinct inner chitinous layer. It is stabilized at the border to the main channel in a plate which
connects tendon-like fibre-bundles from the epidermal cell with small foot-like extensions from the
homogenous substance.

Four muscles are connected to the ““Xestoleberis-spot”, one upper and three lower ones. The up-
per one connects the shell with the forehead medially from the first antenna. The lower muscles run
to the prodopodite of the second antenna. Enclosed by the muscles is the spinning gland.

The different degree of filling of the reservoir of the spinning gland alters the direction of the
pulling force of the muscles. This is thought to be the reason for the flexible nature of the “Xestole-
beris-spot™.

The different size of the spot in different species is due to the difference in the shape of the body
and also to the position of spinning gland.
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ABBREVIATIONS
A; = antennule mV = main vesicle
A;; = antenna oL = outer calcified layer of the cuticle
dc = desmosomal cleft P = plate in the inner chitinous layer
ec = epidermal cell R = reservoir of the spinning gland
H = hinge spB = spinning bristle
HP = hepatopancreas (liver) spG = spinning gland
iL = inner chitinous layer of the cuticle sV = side vesicle
IE = lateral eye t = tendon-like filament bundles
1M = lower muscles tu = tunnel from main vesicle to side vesicle
mc = muscle cell uM = upper muscle
mE = median eye Xsp = Xestoleberis-spot
DiscuUssIoN

Kaesler: How variable is the size of the spinning gland?

Keyser: It varies from 35-40 um in diameter when it is full, down to 5 um in diameter when it is
empty.

Schweitzer: Did you use critical-point drying techniques to mount your SEM specimens?

Keyser: Yes. I did; you will find the methods used in the written paper.
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ABSTRACT

Vision in some ostracods involves a lens (eyespot) of fixed focal length and a tapetal layer.
Simply, the eyespot can be considered as a thin converging lens in front of a reflecting spherical
segment. To provide a final formed image (real), the eyespot must provide an intermediate image
that is proximal to the curved tapetal layer.

The cardinal points of the ostracod’s lens-mirror combination can be calculated from the general
thick-lens formulas of Jenkins and White (1976). The focal lengths of the eyespot and reflecting la-
yer are substituted, respectively, in place of those for the distal and proximal thick-lens surface.
The tapetal layer alone would form a real inverted image, but the addition of the eyespot displaces
the image toward the reflecting layer. The shorter the focal length of the eyespot, the closer will be
the final image to the reflecting surface and the larger and dimmer will be the final image.

The shortest possible focal length of the eyespot is R, given for an eyespot focal length of the
same value. If the focal length of the eyespot is increased, the system focal length would decrease
rapidly and approach the value, R/2, the focal length of the tapetal layer alone. Because the focal
length of the system is within the limits R/2=<f,< R, the image size can vary by a factor of two.

The illuminance or brightness of the final image with an extended light source has an f number or
relative aperature of from 0.50 to 0.25, where there is a hemispherical tapetum. The larger value
represents the strongest possible converging lens, and the smaller value represents no lens at all.
Thus, regardless of the focal length of the eyspot, ostracod eyes seem to be well adapted for efficient
viewing of dim extended sources. Ostracod eyes have f-values that are among the smallest known
for those organisms with eyes.

INTRODUCTION

A common aspect of function in animals is the economical use of energy and materials (Ra-
shevsky, 1961). It implies that ostracods would not develop ocular structures that are useless, but
rather they must represent adaptations to the light conditions that prevail in the organism’s environ-
ment. Further, Lythgoe (1979) wrote that *“. . . the laws of physics that govern the behavior of
light encompass every aspect of vision; every animal has to function within the same set of rules
. . . 7 Thus, the nature of the ocular structures should be indicative of the usual light conditions.
In turn, the structures may be useful in reconstructing some environmental conditions that con-
trolled light in ancient environments (Benson, 1975, 1976).

187
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In this study we examine the geometrical optics of some ostracods that live in the euphotic or
disphotic zones of the ocean (Ager, 1963). First we present a model for the limits of vision possible
for ostracods with eyespots and tapeta. Then data from actual specimens are compared to the model
(Kontrovitz and Myers, 1984; Kontrovitz, in press; Andersson and Nilsson, 1981; Land, 1978,
1981).

In regard to vision, it must be considered that light intensities diminish rapidly with water depth.
In clear oceanic waters, light intensities are reduced by one-half for every 15 m, while in coastal
waters, on an average, light is reduced by one-half for every 1.5 m. Downwelling sunlight may be
reduced to 1% at depths of 100 m, even in the clearest water (Clarke and Denton, 1962). It follows
that most of the ocean is either dimly lighted or dark, and benthonic and deep-water pelagic forms
must adapt to these conditions.

Two evolutionary adaptations are useful in dim light, namely a large aperture and/or a small f-
value. A large aperture is useful for sensing bright points of light against a dark background.
Examples include seeing stars at night and bursts of bioluminescence in an otherwise dark ocean.
A small fivalue is useful for vision in a dim extended light source as with downwelling sunlight in
the ocean (Lythgoe, 1979).

METHODS

As a simple model for investigating the ostracod optical system, consider a thin converging lens
(eyespot) in front of a reflecting hemispherical segment (tapetum) that resembles a spherical mirror
(see Text-fig. 1). In such a system, the lens will form an intermediate image that serves as the
object for the mirror. Then, the mirror will form the final image of the system. Note that in this
study, all optics terms are from Jenkins and White (1976): capital letters such as “F” are used for
positions and small letters such as “f” are used for distances.

For more detail, consider the spherical mirror equation for the concave reflecting surface alone:

TeXT-FIG. 1—Representation of tapetum (curved surface) and important features. Letter C is centre of curvature; F,
is focal point; R and dashed line depict radius of curvature. Large arrow is object; small inverted arrow is image.
Lines with open arrow heads are ray paths. Note sign convention wherein positive ( 4 ) is distal to surface
vertex, and negative (— ) is proximal.
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where s is the object distance, s’ is the image distance, R is the absolute value of the radius of
curvature of the concave mirror and f; is the focal length of the mirror or reflecting layer. The usual
negative sign on R has been incorporated in the equation for simplicity. Focal lengths as well as
image and object distances are positive when the corresponding points are distal to the vertex of
the mirror (Jenkins and White, 1976).

Solving for the position of the mirror’s object (s) in terms of the final image (s") position gives:

Rsl
S= 59T R @)

For the final image to be focused on the sensing cells within the eye cup, distal to the vertex of the
reflecting layer, s’ must be positive. Also, the value of s’ must be less than R/2, otherwise a diverging
eyespot or having objects closer than an eyespot focal length would be required. Therefore, the
denominator of equation 2 is negative so s itself is negative. This means that if a lens (eyespot) is
imposed in front of the mirror, any image formed by that lens must be proximal to the vertex of the
tapetum. The sign will be negative for the image presented by the lens. If the lens formed an image
distal to the tapetum surface (), the final image formed by the eyespot-tapetum system would be
either virtual or distal beyond the lens, and useless for vision.

Image formation for the lens-mirror system is investigated easily by considering the principle
rays used in geometrical optics. Text-figure I shows real inverted images would be formed by the
reflecting layer alone. These would be located at one focal length (/) or farther from the mirror.
Text-figure 2 illustrates how a lens would change the images; they would form one focal length or
less from the mirror. Therefore, the effect of the lens is to shift the image toward the proximal por-
tion of the tapetum in the eyecup.

TexT-FIG. 2—Representation of tapetum and eyespot, latter as a biconvex lens. F, is focal point of tapetum; F,
is focal point of eyespot. Solid lines with open arrow heads are ray paths; dashed line is projected ray path. Large
and small solid arrows are object and image, respectively. Small dashed arrow represents an image that would
result if eyespot had a longer focal length. Note that eyespot causesimage to form closer to tapetum as compared
to Text-fig. 1 (without eyespot).
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The shorter the focal length of the lens the more the final image will be displaced toward the
tapetum and the larger it will be. Images would also be less bright as they are enlarged.

The cardinal points of the eyespot-tapetum combination can be calculated from the general thick-
lens formulas (Jenkins and White, 1976). The focal lengths of the eyespot and tapetum must be
substituted in place of those for the two refracting surfaces associated with a thick-lens. Observing
the sign conventions for lenses and mirrors, the focal length of the system is given by:

___Lfh
ﬂ_ﬁ+f1“R ®)

where f, = the focal length of the system, f, = focal length of tapetum, R is the radius of curvature
of the tapetum, which also equals the separation of the lens centre and tapetal vertex, and f; = focal
length of the eyespot.

The focal length of the system (f;) is not measured from the vertex of the tapetum, but rather
from the secondary principle plane, H'. The principle plane allows for a simplified description of the
function of the system; its location is given by:

’ f;' R
i ey ey @
where A,H' is the distance from the vertex (4,) to the principle plane (H’); it is not the product of
A, and H'. Other terms are defined above and the relationships are shown in Text-fig. 3.

The longest possible focal length of the system is R, given for a lens focal length of the same value.
As the focal length of the lens is increased, the system focal length decreases rapidly and asymp-
totically approaching the value R/2, the focal length of the tapetum alone (Text-fig. 4).

The brightness of the final image formed with an extended light source can be determined by the
Jf-value or relative aperture as:

TexT-FIG. 3—Thick-lens analogy to eyespot-tapetum system. A, is vertex of tapetum; F, is the focal point of the
system; f, is the focal length of the system; H’ is secondary principle plane, from which f; is measured. Solid
lines with open arrow heads are ray path; dashed lines are projected ray paths. See equation 4 in text.
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Text-FiG. 4—The effect of the focal length of the eyespot on the focal length of the eyespot-tapetum system. R
equals the radius of curvature of the tapetum. The longer the focal length of the eyespot the shorter will be the
system focal length.

S value = % (%

where f, is the focal length of the eyspot-tapetum system, and D is the eyespot (aperture) diameter.

RESULTS AND DISCUSSION

The model given describes the limits that could be achieved by an ostracod with eyespots and
tapeta. We include data from actual specimens to demonstrate the application to specimens.

If objects imaged by the eyespot-tapetum system are more than several times R distant, as would
seem likely, the final image would be formed close to the principle focus of the system (F,). The
final image size will be approximately proportional to the system focal length (f;). Because the
system focal length is within the limits R/2<f,< R, the images can vary in size by a factor of two.
If the eyespot has a long focal length the image will be smaller and formed well within the eyecup
near the focal point of the tapetum (F,). If the focal length of the eyespot is short, a larger image
will be formed closer to the tapetum. It must be remembered that the system focal length is mea-
sured from the secondary principle plane.

If the tapetum is hemispherical, the aperture will be equal to 2R and the f-value limited to the
range of 0.50 to 0.25. The former corresponds to the strongest converging eyespot and the latter
to an eyespot without any power to converge light. Note that as in any other optical system,
the f~value does not depend upon the absolute size of the system but rather upon the shape and
proportions.

The f value depends upon the relative spacing between the eyespot and tapetum, because the
aperture is smaller for a closer spacing; however, the effect is not great for similarly shaped seg-
ments. For example, if the spacing from eyespot to tapetum is reduced from R to one-half R, the
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TABLE 1.
THE f~VALUE OF EYES OF VARIOUS ORGANISMS INCLUDING OSTRACODS. AFTER LYTHGOE (1979) EXCEPT As INDICATED.

Organism f~value Comments; references

Man 3.30

Bee 2.40 species not given

Tawny owl 1.30 Strix aluco

Fish 1.25 species not given; Land, 1978

Domestic cat 0.90

Net casting spider 0.58 Dinopis subrufus

Ostracode eye
model, herein 0.50-0.25 hemispherical tapeta

0.70-0.30 Spherical segment, more shallow
than hemisphere

Ostracods
Echinocythereis margaritifera (Brady) 0.40 Kontrovitz and Myers, 1984
Notodromas monachus (O. F. Miiller) 0.27 Andersson and Nilsson, 1981
Gigantocypris muelleri Skogsberg 0.30 Land, 1978, 1981

aperture is reduced to 87 % of its former size. The resulting f~value range, now 0.70 to 0.30, is not
appreciably different from that for a hemispherical tapetum.

In Echinocythereis margaritifera the eyespot is astigmatic, but concentrates most light at about
40 microns, proximal to its inner surface (Kontrovitz and Myers, 1984). The f-value is about 0.40,
near the upper part of the range of the model given for a hemispheral tapetum. In Notodromas
monachus, there is a nearly hemispherical tapetum in each lateral eyecup and an eyespot with a
broadly curved distal surface and a more convex proximal surface (Andersson and Nilsson, 1981).
This shallow fresh water form has an f~value of 0.27, which is very close to the smallest value in our
model. Land (1978, 1981) showed that the pelagic species Gigantocypris muelleri has somewhat
parabolic tapetal layers, but eyespots that seem to have little refractive power. The f~number is
0.30, very useful at great depths (1000 m) where the form was collected.

Thus, it appears that ostracods are very well adapted for dimly lighted environments (Table 1).
Indeed, they are among those organisms with the smallest known f-values.
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Di1scuUssION

Keyser: Do you believe you have an eye with an indentation or a division of three parts in just
one eye-cup? One of your SEM internal moulds shows three projections on top of the “eye-
stalk™.

Kontrovitz: The undulations in the moulds represent the lobes of each eye cup. There may be
two or three lobes per cup in our specimens. The tapetum would be proximal to those lobes and
still form a nearly hemispherical reflecting layer.

Keyser: Are you talking about the nauplius eye or the compound eye? You mentioned
Gigantocypris.

Kontrovitz: Even in Gigantocypris there is a well developed tapetum which functions with a cu-
ticle that causes no refraction, as described by Land (1978, 1981). Most of our work has been with
the lateral cup of the nauplius eye; we included Gigantocypris to show that it, too, has a very small
Jf-number. This seems to be the usual condition, regardless of the water depth at which an ostracod
may ive.

Keyser: Do you think there is an image of an object figured in the nauplius eye? I myself
think that the sensory cells of a nauplius eye can only distinguish between light and dark.

Kontrovitz: Probably each rhabdom or pair of rhabdoms can distinguish, light and dark,
therefore, they may also be able to detect movement. That is, there may be alternating detection
of light and dark among the rhabdoms of a single eye cup.
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The Concept of Cyclicity of Morphogenesis

E. I. SCHORNIKOV
Far East Science Centre, Academy of Sciences, Vladivostok, USSR

ABSTRACT

The general pattern of phylogenesis of genetically determined positive characters has a two-
phase cycle: first the characters evolve to achieve a morpho-functional maximum by means of
accelerations (gerontomorphosis) and then reduce through retardations (paedomorphosis). Because
of mosaic morphogenesis, each of the characters evolves through this cycle relatively independently.
The ontogeny of a number of structures in Bythocytheridae ostracods has been considered from
the standpoint of the concept presented and the concept proves to be useful for comparative mor-
phological analysis.

In comparative morphological analysis, the most important point is to ascertain the sequence and
direction of transformations of individual structures. The concept presented, which I define as the
concept of cyclicity of morphogenesis, renders a great assistance in solving such problems. It
generally runs as follows: “The general pattern of phylogenesis of genetically determined positive
characters has a two-phase cycle: first the characters evolve to achieve a morpho-functional maxi-
mum by means of accelerations (gerontomorphosis) and then reduce through retardations (pae-
domorphosis).” Genetically determined positive characters imply various structures: organs, their
parts, tissues and finally the majority of taxonomic characters except for negative taxonomic cha-
racters determined by the absence of structures (which this group of organisms has never had).
Intracellular structures are not considered in this context since their evolution is perhaps governed
by other regularities. Each of the positive characters evolves through this cycle relatively inde-
pendently because of mosaic morphogenesis,

Phylembryologic transformations are known (Haeckel, 1866; Mehnert, 1898; Beer de, 1930;
Severtzov, 1939; Gould, 1977) to occur due to heterochrony and heterotropy. Increase of struc-
tures is accomplished through accelerations. These generally result from the fact that, in the course
of development of a structure, new stages (positive anabolies after Severtzov) are added at every
evolutionary step and the time of a structure’s intrcduction is shifted to earlier and earlier stages
in the ontogeny of an organism. This produces an image of gerontomorphosis when the structure of
a juvenile descendant proves to be similar to that of an adult ancestor. Thus, it produces the picture
of recapitulation which is described by the “‘biogenetic law” of Miiller-Haeckel.

Decrease (successive imperfection) of structures is accomplished through retardations. They
generally result from the fact that final stages in the ontogeny of structures are dropped at every
evolutionary step of reduction. The deletion of final stages of a structure’s development causes the

195
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Text-F1G. 1-—Morphogenetic cycle scheme.

time of its introduction to shift to later and later stages in the ontogeny of an organism. Severtzov
defines the reduction accomplished in such a way as rudimentation.* This gives a picture of pae-
domorphosis when the structure of an adult descendent proves to be similar to that of a juvenile
ancestor. The stages in ontogeny of a structure prove to be similar to those anticipated in adult de-
scendants if the reduction in further phylogeny is accomplished at the expense of rudimentation,
Thus it reveals the prediction of development, anticipation in the sense of Schindewolf (1950), which
he contrasts to recapitulation. In phylogenetic transformations of this type, the information about
the final stages of the former increase of a structure is lacking in the phenotype. However, it does
not seem to disappear from the genotype judging by the cases of atavism and the occurrence of ata-
vistic features in the regeneration of structures. Here the information is impressed in the phenotype
rather than deleted.

To make further analysis easier let us consider the following evolutionary model of a hypotheti-
cal structure (Text-fig. 1). Let us assume that the structure made its appearance as a new feature in
the final stage of ontogeny. It is affected by natural selection during an indefinitely long period of
time and in an imperceptibly changing environment, with the organism and its successive descen-
dants possessing a lot of other evolving structures.

Under conditions of positive natural selection the structure is increasing. Newer and newer
stages of its development are added and its introduction is shifted to earlier and earlier stages in
ontogeny. Thus, in the first phase of the morphogenetic cycle, morpho-functional characters of the
developing structure evolve to achieve a maximum possible for the given group.

However, the probability exists (and hence the tendency as well) that this positive selection may
be replaced by a negative one. This may arise due to environmental fluctuations so that the need
for the structure to function will disappear. Besides this, in a stable environment another struc-
ture may emerge which functions better than the previous one. The structure then continues to

* He focuses, however, on the changes arising at early stages in the ontogeny of structures.
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evolve through reduction at the expense of rudimentation. At every evolutionary step the structure
appears to be more and more successively imperfect as its final stages of development are dropped
and its introduction is shifted to later and later stages in ontogeny. In the long run the structure
is completely eliminated Hence, the complete cycle of morphogenesis of a structure, from
introduction to deletion, has two phases. The successive evolution of a structure through both
phases in the cycle of morphogenesis is regular.

In addition to rudimentation, there are two more ways in which structures are reduced : fusion and
aphanisis (Severtzov, 1939). Aphanisis is the retrogressive development of a structure at a certain
point in ontogeny (for example, the reduction of tail and gills in amphibian larvae). Aphanisis is
also defined an negative anaboly by Severtzov. In fact, it implies just the same additional stages
in the development of a structure. They cause the formation of new structures by means of merging
senile ones (fusion) or their reverse development (aphanisis) rather than by their morpho-functional
increase. While a structure evolves through the cycle of morphogenesis, it submits to the same
regulation as at any other stage of its development. With the increase of the character for which
fusion and aphanisis are responsible, the beginning of fusion and aphanisis is shifted to earlier and
earlier stages of ontogeny; with the decrease of the character, the beginning of fusion or aphanisis
is shifted to later and later stages of ontogeny. Here we encounter the reduction of reduction so to
speak. For example, neoteny in its classical sense (axolotl) should be regarded as the reduction
through rudimentation of reduction of gills by means of aphanisis. That is, the stage which must
have caused the reduction of gills of sexually mature individuals has dropped out of ontogeny.

The reduction through rudimentation is regular and retrogressive as to the sequence of forma-
tion of structures during ontogeny of an ancestral group. This is responsible for producing a good
deal of parallelism in descendant groups. Particularly large series of parallelisms and gradations are
produced in the course of reduction of serial structures in descendant groups.

Every specialist can probably cite many examples from the group of organisms he studies in-
dicating some gaps in the morphogenetic cycle of different structures: increase through addition of
terminal stages and reduction through rudimentation. The above elaborated model in its pure
form, however, is unlikely to be found in nature. Real situations are generally more complex.

First of all heterochrony (varying or different timing) results not only from shifting the time of
introduction of a structure, but from changing the rates of its histogenetic transformations and
growth as well.

It is unreasonable to regard an organism’s sexual maturity as absolute. It is not the reproductive
stage alone that evolves but the whole organism at all the stages of its complex life cycle. New fea-
tures may be introduced at any stage of ontogeny and new stages of a structure’s development may
emerge in any period of its ontogeny (deviation, archallaxis after Severtzov). An evolving group
partly retains its structures over an extremely long period of time. The pattern of its morpho-
genesis may be an extremely complex zigzag. Periods of increase may be repeatedly followed by
periods of decrease of structures. It may also retain stability during fairly long periods of time or
in a vast number of descendant groups. One may then speak of bradygenesis or of the advance in
organization of a recent group, if those are the basis of a system.

In the course of evolution, a developing structure may undertake a great number of evolutionary
steps more or less towards the close of the cycle. It may enter a trap of fusion and aphanisis
on its way and drop out of ontogeny without having attained its complete ““natural” development.
The evolving structure is often affected by opposite processes: displacement of its introduction to
an earlier stage accompanied by retardation of development, and vice versa: fluctuation of growth
and transformation rate during ontogeny ; reduction through aphanisis of some parts of a structure
with the rest continuing to develop, etc. This makes the picture of phylembryogenesis rather tangled
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and its analysis rather difficult. Yet, the suggested concept of cyclicity of morphogenesis helps us
to understand better these rather tangled situations.

In this respect we consider some examples of phylembryogenetic transformations of struc-
tures in ostracodology. Morphological evolution is mosaic due to heterochronous evolution
of all the organs of a complex multicellular organism. While studying heterochronies, one should
first of all choose a scale of ontogeny for the organism as a whole, relative to which one might
estimate displacements in development of the various organs. Yet, it is hard to find such “objec-
tive points of standardization™ since in the evolution of any organ, or of any system of organs
regarded as standard in the group of organisms being studied, heterochrony may also occur.

Ostracods are particularly convenient to study since adult individuals do not moult and each
group has a definite number of instars. This simplifies the comparison of the structures studied at
strictly fixed stages of ontogeny.

The ontogeny of the Bythocytheridae has been studied in detail (Schornikov, 1981, 1982b). The
ontogeny of even rather similar forms of ostracods was found to be characterised by plenty of
heterochrony. In a number of cases, the instars of species compared differed from one other to a
greater extent than the adults at certain stages of development. In the evolutionary peculiarities of
individual structures, one may find both recapitulations, throwing light upon the phylogenetic
history of formation of structures, and anticipations indications of possible pattern of reduction
through the excision of terminal stages. With regard to comparative morphology, the analysis of
abnormalities which are found is also of a particular interest.

Shell shape

The majority of larval shells in the Podocopida are known to have a triangular shape (Hartmann,
1966-1975; Schornikov, 1981). Eggs of some species already acquire a triangular shape in the
final stages of development and yield instars with a triangular shell. The majority of species have
eggs, or at least nauplius and sometimes the A-7 stage of a rounded shape. A triangular shape
emerges and is conspicuous only in successive instars; in final instars shells assume shapes
resembling the outlines of adult animals. The evolution of the Podocopida through the specific
stage of ontogeny which consists of the assumption of a triangular shape and its successive loss,
does not result from the peculiarities of the animal’s morphology and ecology. For example, Philo-
medinae, Bairdiidae and Cytheruridae may be found living together, yet the first one never has a
triangular shell, the second one hatches in triangular form but loses this shape after the second ecdy-
sis, and the third one only reaches a triangular shape during the analogous ecdysis and retains it until
nearly the adult state. In this case we seem to encounter recapitulation showing that the ancestors
of the Podocopida had a triangular shell, but we have no evidence to prove the hypothesis since
the early evolution of the Podocopida is practically unknown.

It seems that shells of the Bythocytheridae have a rounded shape in their early instars, as do the
Cytheracea investigated in this respect. According to the evidence obtained, (Szczechura, 1964;
Herrig, 1967; Schornikov, 1981, 1982a, b) larval shells of Jonesini and Bythocytherini have a
triangular shape by at least the A-6 stage and retain it until nearly the adult state (Text-figs. 2A, B).
Due to heterochrony, the appearance of this character in the Pseudocytherini shifted to the A-5
stage (Text-fig. 2C), and in the Sclerochilini it was completely eliminated from ontogeny (Text-fig.
2E). Shell shapes of adult Sclerochilini resemble the earliest hatched instars of other Cytheracea
(paedomorphosis). It is worth mentioning that the shells of adult Sclerochilini are more reniform
than rounded. The rounded shape in the early instars was only a pre-adaptation to reach the re-
niform shell characteristic of adult Sclerochilini. This is one of the most rational shell configura-
tions from the viewpoint of mechanical strength and conformity to a body shape. A reniform shell
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Texr-FiG. 2—Shell shape transformations in the ontogeny of the Bythocytheridae.
A, Nodobythere nodosa Schornikov, 1981; B, Jonesia camtschatica Schornikov, 1981; C, Pseudocythere mo-
neroni Schornikov, 1981; D, Pseudocythere similis Miiller, 1908 (right and left valve posterior edges of an abnor-

mal instar); E, Convexochilus meridionalis (Miiller, 1908) (A~C, after Schornikov, 1981; D, E, after Schornikov,
1982b). Abbreviations: Ad, adult; A-1, A-6, instars.
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TEXT-FIG. 3—Sclerochilini antennule (AI) and antenna (AIT) ontogeny.
A, C, Sclerochilus (Praesclerochilus) kerguelensis Schornikov, 1982; B, D, Convexochilus meridionalis (Miiller,
1908); E, Convexochilus compressus (Miiller, 1908) (after Schornikov, 1982b). For abbreviations see Text-fig. 2.
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developed successively through the addition of new stages of development which appear within
a tribe also due to heterochrony.

The abnormal A-3 instar of Pseudocythere similis Miiller, 1908 investigated by Schornikov
(1982b) has a normally developed left valve (equipped with a ventracaudal spine), and a right valve
analogous to that of the A-5 instar in the shape of the rounded posterior border (Text-fig. 2D).
Analogous heterochrony during the transformation of originally symmetrical structures may be
regarded as one of the mechanisms of asymmetrical evolution through paedomorphosis.

Antennule

Among the Cytheracea there are a good many families and genera which have a reduced number
of true podomeres in the antennule as compared with the Bythocytheridae. In such cases the two
penultimate podomeres are only incompletely segmented or not segmented at all. These are the
very podomeres which are the last to be segmented in the Sclerochilini. Thus, parallel evolution by
means of paedomorphosis occurs here.

Heterochronies are found in the development of the dorsomedial seta of the second podomere
(Text-figs. 3A, B). Sclerochilus (Praesclerochilus) kerguelensis Schornikov, 1982 have it in an anlage
in the A-4 instars, and at the A-3 stage it becomes conspicuous. In the Convexochilus instars, it
emerges only at the A-2 stage, but in a quite conspicuous rather than a small anlage form. It de-
velops further at a faster rate and becomes much larger in adult Convexochilus than in S. (P.)
kerguelensis. This case implies the violation of Mehnert’s law as a result of two contrary processes
overlapping: a retardation process implying a backward shift of an organ’s anlage, and an accelera-
tion process implying the appearance immediately of a large seta and successive accelerated
development. '

Antenna (Text-figs. 3C, D, E)

Sclerochilini instars have this appendage equipped with only two apical claws up to the A-4
stage. Convexochilus instars already have a rather long third (intermediate) claw at the A-3 stage,
and S. (P.) kerguelensis have only its small anlage. It continues to increase at a faster rate than that
of Convexochilus, and their relative size becomes equal at the close of development.

The pattern of development of ventrodistal setae of the endopidite’s second podomere is in
accordance with Mehnert’s assumption that the displacement of an organ’s appearance to a later
stage of ontogeny testifies to the beginning of its reduction. Thus, the seta homologues of the en-
dopodite second podomere emerge earlier in the ontogeny of S. (P.) kerguelensis than in that of
Convexochilus, and it appears to be much longer in adults. The internal seta of S. (P.) kerguelensis
emerges later than the external one and it appears to be shorter in adults. In Convexochilus both
setae emerge simultaneously and appear to be equal in size in adults. A good many Bythocythe-
ridae have the first podomere of the endopodite equipped with two ventrodistal setae. The internal
one emerges only at the adult stage and is always shorter than the external one. Yet some of the
Bythocytheridae have only one seta here, the internal one having failed to emerge because of
paedomorphosis. Among them, however, abnormal forms with both setae are found (atavism).

Many adult representatives of different groups of Cytheracea which underwent the reduction
of armament and segmentation of antennal endopodite, appear to be similar in certain characters
to various instars of Bythocytheridae. Thus, Cytheromorpha, Microcytherura, Leptocytheridae,
Cytheroma, a good many of the Loxoconchidae, and some of the Cytheruridae and Paradoxosto-
matidae have only 2 apical claws like the A-4 instars of the Sclerochilini. Cythere, Schizocy-
there and a good many of the Cytheruridae, Xestoleberididae and Microcytheridae have a
rudiment of the 3rd apical claw like the A-3 instars of S. (P.) kerguelensis. In the Loxoconchidae,
Bythocytherinae and Jonesiinae, the 2nd podomere is not segmented into two parts as in the A-1



202

0.1mm
e 0.05mm »
m

D

B

TexT-F1G. 4—Posterior appendages of Sclerochilini.
A, Convexochilus meridionalis (Miiller, 1908); B, Sclerochilus (Praesclerochilus) kerguelensis Schornikov, 1982;

C, Convexochilus compressus (Miiller, 1908); D, Sclerochilus (Praesclerochilus) rubrimaris (Schornikov, 1980);
E, Sclerochilus (Praesclerochilus) rectomarginatus (Hartmann, 1964) (A-C, after Schornikov, 1982b; D, E, after
Schornikov, 1980). Abbreviations: Mx II, maxilla; T I, T II, thoracopods; F, furca; Pe, pennis anlage; for the

rest see Text-fig. 2. .
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TEXT-FIG. 5—Ontogeny of the posterior appendages of Sclerochilini.
A, C-E, Convexochilus meridionalis (Miiller, 1908); B, Sclerochilus (Praesclerochilus) kerguelensis Schornikov,
1982; (before an ecdysis the homologues of the exopod podomeres which develop inside thoracopod anlages are
distinct; after Schornikov, 1982b). Abbreviations: I-4, podomere homologues; for the rest see Text-figs. 2, 4.
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instars of the Sclerochilini. Thus, a lot of parallelisms exist as a result of evolution through pae-
domorphosis.

Maxilla and Thoracopods (Text-figs. 4, 5)

Macxilla and thoracopods of adult specimens of the Sclerochilini investigated are armed identi-
cally and evolve synchronously up to the A-3 instar. Yet, at the A-2 and A-1 stages they are
subject to heterochrony due to which instars at the same stage differ to a great extent. In the
Convexochilus compressus (Miiller, 1908) and S. (P.) kerguelensis of the A-2 stage, there emerges
a seta on the 1st podomere of he maxilla exopodite and on two proximal podomeres of the I tho-
racopod, while at the A-1 stage these appendages are armed as those of adult individuals. In Con-
vexochilus meridionalis (Miiller, 1908) these setae emerge only at the A-1 stage, and simultaneously
on two proximal podomeres of the maxilla and I thoracopod; on the II thoracopod they are
encountered only in adults. Other variants of similar heterochronies are also possible. Thus,
among tropical Sclerochilus species are known which have a reduced seta of the 2nd podomere
of maxilla and both thoracopods (Text-figs. 4D, E).

In the development of maxilla and thoracopods, the transformation pattern of the terminal (4th)
exopodite podomere is of a particular interest. This podomere, though minute in size, is conspicuous
in the majority of adult Podocopida. The Cytheracea with rare exceptions (Psammocytheridae)
lack it. As shown in Text-fig. 5B, in Sclerochilini instars just before ecdysis, the 4th podomere
homologue can be distinguished under the integument of the corresponding appendage anlage.
After ecdysis an appendage equipped with a 2-podomere exopodite is formed. The lack of the 4th
podomere is linked more with the addition of a new stage in the development of the appendage
causing the podomere to fuse with a claw (immobilization), than with the extinction of the final
stage. Some Cytheracea, the Pseudocytherini in particular, have a rather distinct homologue of
this podomere in the form of a bulb at the basal part of a claw with a short ventrodistal seta. In
the majority of the superfamily representatives the margin of fusion is hard to establish, The
podomere immobilization seems to have proceeded in parallel in different groups of Podocopida.
In Neonesidea frequens (Miiller, 1984), at least, the podomere fused with the claw independently
of the Cytheracea.

Furca

In the Podocopida this undergoes a two-stage development. In the A-5 instar, the furca is the
only locomotor organ in the posterior part of the body. It is leg-like and consists of 2 podomeres
when highly developed (Macrocyprididae, Bairdiidae, Isocypris). It seems that the furca in this
early instar should be regarded not only as cenogenesis, but also as an initial furca homologue in
Ostracoda (palingenesis).

In all the Sclerochilini investigated furca develops in a similar way (Text-figs. 4A, B; Text-figs.
5A, C-E). In the A-5 instar it is strongly chitinized and resembles an appendage podomere with
a large apical claw directed forward. While reaching the A-4 instar, the furca is abruptly trans-
formed. From that moment the furca develops in two opposite directions; on the one hand, there
is the reverse development (aphanisis) of the morphological elements of a leg-like furca on the
other hand, the rest of the structure developing to form a lamelliform furca. Yet, in the By-
thocytheridae it is not so well developed as in the Myodocopida or Cytherellacea, developing only
through the initial stages of formation and turning out to be successively imperfect in regard to
them (paedomorphosis). In the male Pseudocytherini, unlike the female, one more special stage
is added in the development of the furca. After the last ecdysis, the front lobe of the furca extends
considerably and the furca becomes rod-like. Such a furca, however, has nothing in common
with the true rod-like furca of the Cypridacea and Bairdiacea.
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Ontogeny of Bradleya normani (Brady):
Shape Analysis of Landmarks

ROGER L. KAESLER AND DAvID W. FOSTER
The University of Kansas, Lawrence, U.S.A.

ABSTRACT

The choice of a method of shape analysis is limited by the purpose of the research to which the
method is to be applied. Three areas of investigation to which shape analysis lends itself are describ-
ing morphology; studying environmental, geographical, or stratigraphical change of morphology;
and comparing similarity of morphology. Selection of a method is further dependent on whether
the shapes of the objects being studied are defined by homologous landmarks or are defined by
outlines. We encourage investigators first to ask biologically important questions and then to
select the appropriate method of shape analysis. Although these caveats may seem unnecessary,
we believe that too little attention has been directed toward applications in the rush to develop
new methodologies.

Bradleya normani (Brady) is unusual among species of its genus because it lives in relatively
shallow water. Its study may provide a better understanding of deep-water species of Bradleya
that have been used extensively in paleoceanography. Our understanding of the evolution of ostra-
codes in general would be enhanced by investigation of heterochrony, but especially little is known
of the ontogeny of deep-sea ostracodes because their immature instars are comparatively rare.
Homologous landmarks on the carapaces of adults and five instars of B. normani (Brady) were
studied by traditional multivariate morphometric methods that are orientated toward graphical
representation of results, by tensor analysis, and by robust regression analysis. Multivariate dis-
criminant function analysis and ordination by nonmetric multidimensional scaling provide useful
graphical summaries of overall morphological difference, but they do not show directly in which
areas of the carapace the change occurs. Tensor analysis gives a useful graphic and quantitative
impression of ontogenetic changes of shape of regions of the carapace that are bounded by land-
marks. Robust regression analysis focuses attention on changes of the relative positions of the
landmarks themselves rather than on changes of shape of the regions bounded by landmarks. It
also provides a numerical estimate of change between selected pairs of indivials, the average residual
length. In general, different methods of analysis showed the same progressive change of shape from
the youngest instar, A-5, to the adult, but the results of the methods also differed in minor ways.
The greatest ontogenetic change in the location of the landmarks occurred in the growth from
instars A-4 to A-3, and from instars A-3 to A-2. Sexual dimorphism is apparent but not pronounced
among adults of B. normani (Brady). Few males were found, however, and dimorphism was not
detected with the measurements taken. In choosing a method, one should bear in mind that results
of analysis of shapes are most easily interpreted when they lend themselves to production of simple
graphs.
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INTRODUCTION

In a little book on Christian evangelism, theologian Harvie Conn (1982) of Westminster Theo-
logical Seminary included a chapter that asked, ““If Jesus is the answer, what are the questions?”
Today, as a result of explosive advances in computer technology and digitizing and their applica-
tions to micropaleontology, we are faced with a question that can be phrased similarly to Conn’s:
“If quantitative analysis of shape is the answer, what are the questions?” We stress applications
of this new technology to micropaleontology because the rigid form of most of our material ensures
a microfossil will have a consistent shape from one time to the next and because in most instances
that shape is closely similar to the shape of the living organism. Biologists who deal with soft-bodied
organisms do not have this assurance. As a result, they face obstacles to quantitative analysis of
shape that sometimes seem insurmountable. Nevertheless, with some limitations and some modifi-
cations, the techniques many micropaleontologists now use to analyze shapes quantitatively
can be applied to a broad range of biological problems as well. Because this is true, it follows that
the need to decide what questions such techniques can help us answer is a concern of scientists in
general and does not pertain to micropaleontology alone.

What can quantitative analysis of shape show us that mere visual examination of specimens
cannot? Answers may range from “very little” to “‘a great deal.” The methods of quantitative
analysis of shape that have been used by micropaleontologists are able to describe morphology,
to express the change of morphology, and to measure the similarity of morphology. Of course,
different techniques are suited to different goals. Emphasis of most researchers during the early,
developmental stage of quantitative analysis of shape, however, has been on techniques rather than
on testing hypotheses (see, e.g., Kaesler and Waters, 1972). As a result, disagreement has some-
times arisen over which method is best (Bookstein et al., 1982; Ehrlich et al., 1981), whereas in fact
each method has both strengths and weaknesses that typically depend on the biological questions
being asked. :

As interest in quantitative analysis of shape grows, the number and kinds of applications will
increase. At present, however, uses of shape analysis to solve micropalenotological problems can
be grouped into three broad categories: quantitative taxonomy of morphologically intractable
forms, studies of evolution, and population biology of fossil assemblages. Despite the spirited in-
terest that phenetic or numerical taxonomy engendered in the 1960’s and early 1970’s (Sokal and
Sneath, 1963; Sneath and Sokal, 1973), today one finds few classifications based solely on phene-
tics. Instead, the techniques of numerical taxonomy have been subsumed under the broader cate-
gory of quantitative morphology or multivariate morphometrics (Reyment et al., 1984). Neverthe-
less, the methods developed by numerical taxonomists are applicable to a wide variety of problems
irrespective of whether the ultimate goal is a phenetic taxonomic classification.

The current interest in quantitative analysis of shape and the new developments in the field pre-
sage a new phenetic taxonomy. If such a new phenetic taxonomy develops, it is likely to be based
on those methods of shape analysis that are best suited for measuring similarity of morphology,
such as traditional methods of multivariate morphometrics (Reyment et al., 1984) or harmonic di-
stance analysis (Kaesler and Maddocks, in press), rather than on methods that are better suited for
describing morphology or showing change in morphology. Moreover, analysis of shape will have
its greatest impact in the study of groups of organisms in which homologies are difficult to esta-
blish or in which suitable morphological characters are not abundant. Among the microfossil groups
that come to mind are such unornamented ostracodes as the marine macrocypridids, the freshwater
cypridaceans in general, and the exclusively marine bairdiaceans, cytherellids, and krithids.
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As a result of the development of the punctuation model of evolution (Eldredge and Gould,
1972, 1977; Gould and Eldredge, 1977) and Gould’s work on the importance of heterochrony in the
relationship between ontogeny and evolution (Gould, 1977, see also Alberch et al., 1979), renewed
interest in the phenomena of evolution has swept paleonotology. Paleontologists have been made
aware, for the first time in decades, that they may be able to contribute to an understanding of the
mechanisms of evolution rather than merely to document the fact of evolution (Stanley, 1979).
One approach to the study of heterochrony implied by Gould’s (1977) clock model of heterochrony
is quantification of the change of morphology through ontogeny. Shape analysis is uniquely suited
for expressing ontogenetic shape change quantitatively. Such methods as robust regression analy-
sis (Benson et al., 1982; Siegel and Benson, 1982) and tensor analysis (Bookstein, 1978) can be
applied to this kind of study if suitable homologous landmarks are available (see, e.g., Okada,
1982). Outlines can be evaluated by eigenshape analysis (Lohmann, 1983), which operates without
specific landmarks and uses, instead, a kind of geometrical homology. One looks forward to the
results of the melding of these two approaches, which could be done if geometrically homologous
points were regarded as homologous landmarks.

Almost since its inception, population ecology has been so quantitative and so devoted to model
building that its theorems, although often of considerable heuristic value, have typically had little
to say about the real world. This is especially true for those mathematical models in which assump-
tions have been introduced to improve mathematical tractability at the expense of biological
realism. But if theoretical population ecology has been difficult to relate to field ecology and natural
history, it has been impossible to relate to paleoecology. There is scarcely a field of study that could
be called population paleoecology. Even to begin to apply the models of the theoretical population
ecologists requires that one be able to estimate realistically such parameters of populations as
fecundity, intrinsic rate of increase, and carrying capacity. Paleoecologists, however, are rarely able
to establish convincingly that two fossils found together actually lived in the same place or at the
same time. How much less, then, can they test applicability of theoretical models that require nearly
full knowledge of the biology of the organisms being studied? As a result, what has passed for
population paleoecology has been study of population dynamics and survivorship of time-averaged
assemblages of fossils that may have been ravaged by taphonomic processes. It is unlikely that
shape analysis will improve the chances of paleoecologists to hold up their heads among popula-
tion ecologists. We can, however, expect it to contribute importantly to the emergence of another
kind of population paleoecology, one that is based on the study of stratigraphical or geographical
variation of morphology. Methods of automatically digitizing shapes are becoming an integral
part of shape analysis. Their introduction has motivated paleontologists to measure enough mor-
phological characters on enough individual specimens to provide statistically meaningful measures
of morphological difference (Healy-Williams and Williams, 1981). Mere demonstration of stati-
stically significant difference in morphology of different statistical or biological populations is not
enough, however. Of course the morphology of organisms from two conspecific populations
separated perhaps by the passage of millions of years of geological time differs significantly. Sta-
tistical theory tells us that parametric differences are always significant, and if we have not found sta-
tistically significant differences between such populations we have simply not looked hard enough.
Larger samples are indicated, and one need only increase sample size to the point where statisti-
cally significant differences can be demonstrated (Sokal and Rohlf, 1981, p. 262). Progress in the
new population paleoecology will come about when one is able to detect biologically significant
differences in morphology, not merely statistically significant ones, and to identify the causes of
such ecophenotypic variation in morphology. For such work to be productive, one needs to
understand better the degree of variation within a species or within a biological population to help
determine what magnitude of difference is biologically significant for the specimens being studied.
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MORPHOLOGY OF Bradleya normani

In the first part of our paper we have dealt primarily with generalities about shape analysis.
Now we want to get down to specifics of the ontogeny of Bradelya normani (Brady) (Text-fig. 1).
One of the distinguishing characteristics of B. normani (Brady) is its morphological variability.
In addition to sexual diomorphism, the reticulum varies widely. In some adult specimens, the
reticulum is quite coarse, and individual fossae are large and partially subdivided by one or two
minor ridges, forming a kind of secondary reticulation. On others, the homologs of the minor
ridges are strongly developed, resulting in a finer meshed reticulum without secondary reticulation.
Whether the morphological variability of B. normani (Brady) is in response to differences in the
environment is now under investigation.

We have made two approaches to the morphology of Bradleya normani (Brady). First, we have
analyzed the change of shape during ontogeny independently of size by normalizing all specimens
for size. Second, we have compared the results of several methods of shape analysis. We hope to
demonstrate that on the basis of the morphological characters we studied, little change in shape
occurs among the last three instars, including the adult. Moreover, the shape of the A-5 instar is
more closely similar to that of the adult than the A-4 or A-3 instars, although this conclusion must
be regarded as tentative because of small sample sizes of some of the early instars. Traditional
methods of multivariate morphometrics, including cluster analysis (Sokal and Sneath, 1963; Kaes-
ler, 1966), multivariate discriminant analysis (Reyment et al., 1984; Foster and Kaesler, 1983),
and nonmetric mutidimensional scaling (Kruskal, 1964a, b; Peterson and Kaesler, 1980), are
useful because they provide the means for preparing simple, graphic summaries of quantitative
results. They give a good impression of populations as a whole. Such newer, less tried-and-true
methods as resistant-fit regression analysis (Benson, 1982; Siegel, 1982a, b; Siegel and Benson,
1982) and tensor analysis (Bookstein, 1987, 1982; Strauss and Bookstein, 1982) focus, instead,
on morphology of individuals rather than on populations. These methods seem to be more useful
for comparing individuals than for summarizing populations as a whole and are especially well
suited for determining the biological effects of differential growth and changing loci of growth
during ontogeny.

Why study Bradleya normani? Species of the genus Bradleya typically live in the deep sea. Because
of the highly ornamented morphology of their carapaces and a few other accidents of micropal-
eontological history, they have been used extensively to help decipher the paleoceanographic
history of the deep sea (Benson and Sylvester-Bradley, 1971; Benson, 1972, 1982; Whatley et al.,
1983). Unfortunately, because Bradleya is largely restricted to the deep sea, sample sizes from
specific localities are likely to be small. This comparative rarity has precluded the study of species
of Bradleya in a way consistent with what we have described as the new population paleoecology.

Bradleya normani (Text-fig. 1) offers some relief from the constraints imposed by the deep sea.
Although it has been studied little since its first description, B. normani (Brady) (1865) may provide
the key to a better understanding of other species of Bradleya that are more important from the
viewpoint of the practicing oceanographer. B. normani (Brady) occurs in fairly shallow water in the
Strait of Magellan. It is, therefore, much easier to sample, and it can be obtained in large numbers.
Potentially of great importance is the morphological plasticity of its reticulum if this can be related
to specific environmental parameters.

The overall thrust of our research on Bradleya normani (Brady) is directed at this morphological
plasticity. Does the morphology vary systematically with environment? We have not yet begun to
address this question, and we do not expect shape analysis will help much because of the need to
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TeExT-FIG. 1—Adult Bradleya normani (Brady); squares indicate locations of nine pore canals, the homologous
landmarks that were digitized for study.

study details of the surface ornamentation. Is the morphology of adults in a population predictable
from the morphology of the immature forms? At present we are looking at ontogeny in hopes of
ferreting the answer to this question. For the present, however, we intend to emphasize the
comparison of techniques in hopes that other ostracode workers who apply methods of shape
analysis to their research will find our comparisons useful.

METHODS AND PROCEDURE

We have quite a few samples from the southern part of South America, but the specimens we
measured for this part of our study came from a single sample, USARP 43, It was collected at a
depth of about 135 m with a Sanders epibenthic sled dredge in mid-October, 1969, on cruise 69-5
of the R. V. Hero. The sample is from latitude 53°10.5’S, longitude 70°38’ W. We selected nine
homologous points on the surface of adult specimens of Bradleya normani (Text-fig. 1). Most of the
points are simple intramural pores, but some are celate sieve pores. We were not concerned with
selecting pores that can be homologized throughout the genus or family because our study is aimed at
population paleontology. Identifying these same nine homologous points on immature instars
became increasingly difficult as we looked at earlier and earlier instars. In rare instances, for the
very earliest instars studied, we had to approximate the position of a homologous point because
it simply was not developed.

We digitized drawings made at 200x of 53 specimens, using a Houston Instruments Hipad
dititizer driven by an IBM-PC microcomputer that is linked to the University of Kansas Honey-
well mainframe computer. Also part of the system are a Hewlett-Packard 7470A plotter and an
Epson printer. The procedure we used is as follows. First we identified the homologous landmarks
on each specimen and drew them with a camera lucida. We then digitized the drawings of the
landmarks and used a computer-based procedure to connect selected landmarks with lines to form
triangles. The procedure for selecting landmarks and drawing triangles was adapted from one
used in automated contouring (Watson, 1982). It selects homologous landmarks that produce
triangles as nearly equilateral as possible given the configuration of the points. The lengths of the
sides of the triangles were then computed, producing a matrix of morphological characters that
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TexT-r1G. 2—Configuration and numbers of the nine homologous landmarks with the outline of the ostracode
removed.

Text-F1G. 3(left)—If lengths of all possible line segments connecting the nine homologous landmarks were me-
asured, high intracorrelations would contribute to a great deal of redundancy in the data.

TexT-FIG. 4 (right)—Selected homologous landmarks on an exemplar were connected to form a network of
triangles by using an algorithm that selected triangles as nearly equilateral as possible. The triangles were
identified by their vertices, and triangles with identical vertices were constructed for each specimen. The
lengths of the sides of the triangles and the X and Y coordinates of the nine homologous landmarks comprised
the morphological data for all subsequent analyses.

could be used as the basis for any multivariate statistical or graphic technique. Next an average
specimen was computed for each instar, and the average lengths of the sides of the triangles were
reconverted to X and Y coordinates. This matrix of X and Y coordinates was operated on by robust
regression analysis and tensor analysis.

The nine homologous landmarks with the ostracode outline removed are shown in Text-fig. 2.
It takes thirty-six lines to connect all the nine homologous landmarks to one another. Such a
configuration is highly redundant because the lengths of many of the lines would be highly cor-
related with each other (Text-fig. 3). For this reason we chose to select triangles using the method
briefly described above. The first ostracode in the study was used as an exemplar, and its homolo-
gous points were connected to make a network of triangles (Text-fig. 4). These triangles are iden-
tified by reference to their vertices. Triangles with the same vertices were then formed for all other
ostracodss in the study. This insures that the characters used are the same throughout the study.
The lengths of the sides of the triangles can then be used in any kind of traditonal multivariate
morphometric analysis, such as discriminant function analysis or nonmetric multidimensional scal-
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ing. Robust regression analysis and tensor analysis, on the other hand, require that an average
ostracode of each instar group be computed and the length of the sides of its triangles be reconverted
to X and Y coordinates.

RESULTS

Text-figure 5 shows the results of multivariate discriminant function analysis. All 53 specimens
are plotted. The large letters next to dots refer to the average ostracode of each instar from adult to
A-5,the earliest instar in our collections. Small letters refer to individual ostracodes, the A’s to adults,
B’s to A-1 instars, and so on. Forms that have been misclassified by the discriminant function are
marked by pointing fingers. Recall that it is easy to identify the growth stage to which one of these
ostracod:s belongs by studying the animals’ entire morphology. The misclassification resulted either
from using only nine homologous landmarks and seventeen lengths of the resulting triangles or from
anomalous individuals. As we pointed out earlier, this traditional multivariate morphometric method
is particularly good for showing relationships between large numbers of individuls in a population,
but differences between individuals may be swamped by the mass of points. It appears, however,
that during ontogeny, late instars of Bradleya normani (Brady) change shape progressively so that
adults are more similar to the very early instars than the A-2 or A-1 instars are. We did not detect
sexual dimorphism. Such a result is not surprising because our study was not designed to show
dimorphism. Sexual dimorphism of Bradleya normani (Brady) is apparent but is not pronounced.
It is likely that the arrangement of the nine homologous points was such that the subtle sexual

dimorphism was not expressed in their configuration. Moreover, males are quite rare in our collec-
tions.
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TexT-FIG. 5—Results of multivariate discriminant function analysis of 53 specimens of Bradleya normani (Brady),
including adults and five instars. The symbols A, A-1,. .., A-5 indicate adults and respective instars, The some-
what smaller letters A, B, ..., F refer to individual ostracodes, respectively adults, A-1 instars, . .., A-5 instars.
Misclassified individuals are marked by pointing fingers. Progressive morphological change is interrupted by a
reversal of trend : adult specimens are moresimilar to early instars (A-4 and A-5) thanlate instars (A-1 and A-2)are.
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TeEXT-FIG. 6—Results of non-metric multidimensional scaling of average Bradleya normani of each instar. As was
true for results of multivariate discriminant function analysis, nonmetric multidimensional scaling shows A-5
instars to be more closely similar to adults than A-3 or A-4 instars.
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TexT-FIG. 7—Stereopair of the nonmetric multidimensional scaling ordination of all 53 specimens of Bradleya
normani (Brady). Symbols are the same as the ones used in Text-fig. 5. This figure is best viewed with a stereoscope.

The lollipop diagram of Text-fig. 6 shows the results of nonmetric multidimensional scaling of the
average ostracodes of each of the six growth stages. Note again that the A-5 instar is more closely
similar to the adults and last two instars than the A-3 and A-4 instars are. The progressive change in
morphology from A-4 to the adult stage is also shown clearly on this figure. The similarities of the
specimens in three-space are shown in the stereopair in Text-fig. 7, which is best viewed with a
stereoscope.

Text-figure 8 shows the residual vectors from robust regression analysis of the growth stages
of Bradleya normani (Brady). It is difficult to interpret this kind of diagram, but one gets two
impressions from it. First, the residual vectors in the transformation from A-4 to A-3 and from A-3
to A-2 are longer than residual vectors associated with later transformations. This shows that the
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TExT-FIG. 8—Residual vectors from robust regression analysis of data on 53 specimens of Bradleya normani
(Brady). Long residual vectors, such as occur in the transformation from A-4 to A-3 and from A-3 to A-2, result
from large changes in the relative positions of the homologous landmarks. Transformations from A-2 to A-l

and from A-1 to the adult stage have short residual vectors as a result of only miniscule change in the configuration
of the landmarks during these transformations.
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TEXT-FIG. 9—Average lengths of residuals show appreciably more change of shape of the configuration of the
homologous landmarks occurred early in ontogeny than later.

greatest change in configuration of the nine homologous landmarks occurred in the transition from
the A-4 to the A-3 instar. Second, residual vectors associated with the last two molts are negligible,
indicating little change of shape late in ontogeny. Average lengths of the residuals (Text-fig. 9)
convey the same impression as the previous figure: that the nine homologous points chosen for
study show little change in the shape of Bradleya normani (Brady) during the last two molts.
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TexT-FIG. 10—Results of tensor analysis of Bradleya normani (Brady). The cross in the center of each triangle
shows change of shape of that triangle during ecdysis. The heavy bar on the cross is the direction of greatest
change. Homologous landmarks are shown in their position before ecdysis. Unlike robust regression analysis,
which shows change of position of homologous landmarks, tensor analysis shows the change of shape of the area
bounded by the landmarks and is thus singularly well suited for expressing allometry.

Text-figure 10 shows the results of tensor analysis. The cross in the center of each triangle shows
the change of shape of that triangle during the transformation or molt from one stage to the next.
The heavy bar on the cross is the direction of greatest change, and the homologous landmarks are
shown in their position before each molt has occurred. Unlike robust regression analysis, which
shows the change of position of homologous landmarks during ontogeny, tensor analysis shows the
change of shape of the area bounded by the landmarks. As a result, it is singularly well suited for
expressing allometry. In the ontogeny of Bradleya normani (Brady), morphological change expressed
by the nine homologous landmarks seems to be evenly distributed over the carapace during the
last two molts and, to a lesser extent, in the transformation from A-4 to A-3. The transitions from
A-5 to A-4 and, even more so, the transition from A-3 to A-2, are marked by pronounced changes
of shape in some parts of the carapace.

CONCLUSIONS

Now, what have we learned? First, evaluating the methods, we have confirmed that traditional
multivariate morphometric techniques seem to be most useful in showing overall similarities of
members of a population. Choosing between robust regression analysis and tensor analysis de-
pends on what one is interested in. Burl Ives may have said it best: *““As you go through life make
this your goal: watch the donut, not the hole.” Robust regression analysis focuses on the positions
of the homologous points—the donut. Tensor analysis focuses on the shape of the area bounded
by the homologous points—the hole in the donut. The choice between robust regression analysis
and tensor analysis finally comes down to whether one is interested in positions of homologous
landmarks or changes of shapes of the areas bounded by them. Finally, you may have other views,
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but as a result of this study we are convinced more than ever before that the choice of a method of
analysis must be dictated by the biological questions asked and not merely by the availability of
computer software.

With regard to Bradleya normani (Brady), we have identified a progressive change of shape from
the A-5 instar to the adult with one major aberration as the A-5 instar departs from the trend and
is more similar to the adult than would be expected. The greatest change in location of the land-
marks occurs in the molt from A-4 to A-3 and from A-3 to A-2.

Finally, all shape analysis seems to be a search for ways to show the reader in graphic form
how ostracodes change during growth. The most useful methods, therefore, are the ones that
lend themselves to the production of simple graphic output from which a busy reader can gain a
quick impression before he discards the paper in disgust or in favor of something simpler or more
interesting.
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Multivariate Analysis of Leg Morphology
of Macrocyprididae

RosaLIE F. MADDOCKS
University of Houston, U.S.A.

ABSTRACT

The fifth, sixth, and seventh legs and furcae of cypridacean ostracods are widely supposed to
have considerable taxonomic significance and are relatively easy to dissect and illustrate. Never-
theless, some of the characters used in the past to diagnose new taxa have turned out to be invariant
and, hence, without taxonomic importance, while many others are strongly correlated with each
other or directly dependent on general size and, thus, not independent in their taxonomic signi-
ficance. R-mode cluster and principal components analyses can be used to evaluate the indepen-
dence of characters, so that the most appropriate characters may be selected for taxonomic and
evolutionary applications.

To demonstrate this, 112 characters have been measured on these appendages and carapace for
71 species of Macrocyprididae, a relatively small and homogeneous family. The results show the
potential of such methods for improving ostracod taxonomy. Q-mode cluster analysis of the same
data provides evidence to test the generic classification of these species based on the carapace and
subjective judgments. In general, the results confirm the prevailing opinion that the furcae and
male fifth limbs offer more taxonomic information than the female fifth limb, sixth limb, and
seventh limb. However, a few previously ignored characters may have taxonomic value, masked
at present by possible non-linearity of their relationships.

INTRODUCTION

The posterior appendages of the Superfamily Cypridacea are widely recognized to have tax-
onomic significance. For more than 150 years, ostracod taxonomists have illustrated their descri-
ptions of new species with drawings of these legs, giving special attention to the number and shape
of the podomeres and setae. Although the accuracy of such descriptions has increased greatly over
the years, only rarely are the proportions for new species compared with those of species already
known, and almost never are the underlying mathematical relationships explored.

Today, as we celebrate the 22nd anniversary of the first ostracod symposium in Naples, and
as the alpha taxonomy chapter in the history of ostracodology draws to a close, we should re-
consider our priorities. Although a few new species still remain to be found, the time has arrived to
start concentrating on the relationships among species rather than on the species themselves. The
initiation of the Treatise revision makes it all the more urgent that we emphasize so-called beta
taxonomy, because a sound generic and familial classification can be based only on systematic
comparisons of large numbers of species.

219
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It is also time to supplement the formal description of appendage anatomy with mathematical
analysis of these anatomical relationships. We already know that the ontogenetic growth of the
ostracod carapace follows certain geometric laws, and that mathematical analyses can help us to
understand the architecture of adult shells. There is every reason to suppose that the terra incognita
of appendage anatomy will yield to similar techniques. Let us abandon the uncritical use of ratios
and shape-adjectives and find more powerful tools for understanding shape.

For example, size allometry is known to govern systematic changes of shape with increased size
in organisms as diverse as land snails, australopithecines, and echinoids. It seems likely that the
conspicuous miniaturization of Cenozoic cytheracean lineages and the increased size of deep-sea
ostracods may also have been accompanied by allometric changes in shape. Such shape differences
caused by size allometry would have no independent genetic basis and therefore no taxonomic
value. We must learn how to recognize and allow for such morphologic trends, and only then will
we be able to make sound taxonomic decisions.

The present report illustrates some preliminary results from just a few of the techniques that
might be useful for both of these objectives. Because this is a preliminary report from an on-going
project, it emphasizes techniques that the taxonomist can use to evaluate potential taxonomic
characters, in order to select from the multitude of characters available those few characters that
carry the most information.

The data are taken from the Family Macrocyprididae, for which the author is currently prepar-
ing a comprehensive taxonomic revision. In addition to many fossil species, this monographic
revision will include 71 living species for which the appendage anatomy will be described or re-
described. They will be classified into eight genera: Macrocypris, Macrocyprissa, Macrocypria,
Macrocyprina, and four new genera.

The posterior appendages (fifth, sixth, and seventh limbs and furcae) were selected for analysis
because they are relatively simple in structure and approximately two-dimensional, so that con-
sistently accurate drawings can be made. They are also appropriate because they are very uniform
in structure throughout this family, so that homologous characters are easy to recognize. Insights
gained from these simple limbs may encourage us to study the more formidable cephalic appen-
dages later.

For each of these 71 species, the female fifth limb, male right and left fifth limbs, non-dimorphic
sixth and seventh limbs, and male and female furcae have been drawn by projection from the dis-
section slide, with uniform orientation and magnification.These drawings were then measured in
mm with a transparent ruler. Text-fig. 1 shows the locations of 104 measured characters (varia-
bles 3 to 106), mostly lengths and widths of podomeres and lengths of setae. Characters 11 and
71 are counts of the number of setae (2, 3, or 4) at that location, while characters 82, 83, 98, and 99
are angles. The length and height of male and female right and left valves were added as characters
107 to 114. Variables 1 and 2 of the computer analyses are labels representing the species name and
specimen number, Note that there is only one set of measurements for each species, so the results
have only taxonomic rather than population significance. (Of course, the material for these 71 spe-
cies was subject to the vagaries that govern all museum collections, so that for a few species the
males are not known, while for others the female was missing, and for still others a particular leg
was damaged or missing. Thus, the measurements for some species are compiled from more than
one specimen, and the effective sample size and species composition differ for each analysis. For-
tunately, computer algorithms are now available that can navigate around these missing values to
select for each comparison those cases for which the characters are represented and to calculate
a generalized inverse of the resulting correlation matrix.)

The computer analyses were done on the AS 9000 system at the University of Houston, using
the BMDP Biomedical computer programs (Engelman et al., 1983). The taxonomic revision of the
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TExT-FIG. 1—Locations of 112 measurements. 3-13, male furca; 14-28, female fifth limb; 29-44, sixth limb;
45-63, seventh limb; 64-74, female furca; 75-90, male right fifth limb; 91-106, male left fifth limb; 107-110,
male carapace dimensions; 111-114, female carapace dimensions.



222 R.F. MADDOCKS

family Macrocyprididae was supported by National Science Foundation Grant DEB-76-83081.
The generosity of scores of museums and individuals in lending or donating specimens and samples
of Macrocyprididae for this project is most gratefully acknowledged.

STATISTICAL METHODS

Many statistical methods assume underlying normality of the variables, and excessive deviation
from normality may invalidate the results. On the other hand, it is obvious that those charac-
ters of greatest taxonomic usefulness at the generic level will not be continuously distributed within
a family. For both reasons, these data were tested for normality. Table 1 gives the significance levels
of the Shapiro and Wilk’s W statistic test for normality for raw and log-transformed measurements
for each character. Fully 84 of 112 variables do not meet this assumption (P<.05). After logarith-
mic transformation, often recommended as a remedy in such situations, matters are only slightly
improved. Now, 62 of 112 variables may be considered normally distributed, but 13 of the remain-
ing 50 are variables that were normal before this transformation.

An inspection of individual characters shows some predictable trends and a surprise. Very small
dimensions and those with limited range of values are not normally distributed, nor are those cha-
racters that are traditionally considered to have taxonomic value at the generic level. Thus, the male
and female furcae and the male right and left fifth limbs have many characters that do not meet the
assumpton of normality either before or after transformation. Many characters of the sixth and
seventh limbs, on the other hand, are approximately normally distributed after logarithmic trans-
formation, suggesting that part of their variability may be a geometric function of general size.
This supports the judgment of many workers that these limbs have little taxonomic value at the ge-

TABLE 1-—SIGNIFICANCE LEVELS FOR THE SHAPIRO AND WILK’S W STATISTIC TEST OF NORMALITY FOR RAW DaATA
AND LOG-TRANSFORMED DATA.

Character Raw Data Log Data Character Raw Data Log Data
3 .23 .00 23 .00 .02
4 23 .00 24 .04 .00
5 .09 .00 25 .14 .00
6 .01 .00 26 .00 .36
7 .01 24 27 .04 .26
8 .00 .00 28 .02 .07
9 .00 .00 29 10 .45

10 .02 .00 30 .01 11
11 .00 — 31 .07 .20
12 .00 .00 32 .00 .00
13 .01 .00 33 .00 13
14 .07 43 34 23 .06
15 11 .08 35 .00 .03
16 .00 .04 36 .00 .00
17 .56 .00 37 .09 .00
18 .00 .00 38 17 .29
19 02 .53 39 .00 .39
20 .02 .03 40 .00 .06
21 .09 .01 41 .16 .00
22 .04 .00 42 .06 .00

(Continued)
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TABLE 1—Continued

Character Raw Data Log Data Character Raw Data Log Data
43 .00 12 79 .01 .53
44 .03 17 80 .00 11
45 .03 .43 81 .01 .09
46 .00 24 82 58 -
47 .06 85 83 50 —
48 .00 29 84 01 .00
49 .00 06 85 00 .01
50 .00 19 86 .26 .00
51 .00 .35 87 .00 .00
52 .00 .08 88 .00 .00
53 .00 .00 89 .00 .00
54 .24 .02 90 .00 .00
55 .24 .48 91 .00 .03
56 .00 12 92 .00 .02
57 .02 33 93 .00 .01
58 .04 13 94 A2 .06
59 .01 .06 95 .01 .09
60 .00 78 96 .00 .14
61 .00 01 97 .00 .00
62 .05 79 98 .00 —
63 .02 08 99 .00 —
64 .00 .50 100 .00 .00
65 .02 .00 101 .00 .09
66 .45 .00 102 .00 .00
67 .49 .00 103 .00 .00
68 .00 A1 104 .00 .00
69 .00 .00 105 .00 .00
70 .00 .00 106 .00 .00
71 .00 .00 107 31 44
72 .00 — 108 ] .01 92
73 .02 .01 109 .48 .67
74 .26 .00 110 .03 99
75 .00 .19 111 .14 96
76 .00 17 112 .00 19
77 .00 .01 113 A1 32
78 .00 .09 114 .02 .82

neric level. Surprisingly, carapace lengths are normal even before transformation, while heights be-
come normal after transformation. Is there any a priori reason why the carapace sizes of the spe-
cies belonging to an ostracod family ought to be normally or log-normally distributed? It would be
interesting to test this for other families and see whether any ecological or evolutionary principle
underlies this phenomenon.

Even more critical to many statistical methods is the assumption of homoscedasticity (indepen-
dence of means and variances). Plots (not shown) of mean versus variance for these limbs and the
carapace showed very significant heteroscedasticity, not removed by logarithmic transformation.
Taxonomists need to be aware that this tendency for larger structures to have greater variances is
likely to divert attention from statistically more reliable characters.

R-mode cluster analysis is a quick and robust technique for revealing the presence of structure
in a correlation matrix and is a useful preliminary to more sophisticated methods. The results can
help the taxonomist evaluate the relative independence of a large number of potential taxonomic
characters. The configuration of clusters may also suggest hypotheses about underlying causes for
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these correlations, for further testing. Here, matrices of correlation coefficients calculated from
raw or log-transformed data were clustered by the average-linkage method.

Q-mode cluster analysis is an efficient method of comparing species on the basis of large num-
bers of characters. The resulting clusters can be compared with an a priori classification. Good
agreement may be interpreted either as support for the a priori classification or as meaning that the
characters used are effective and appropriate. Poor agreement may suggest that changes are desira-
ble either in the a priori classification or in the list of characters. Here, clusters were formed by the
single-linkage method from a matrix of Euclidian distance coefficients, calculated from raw or
transformed data.

Principal component analysis is a mathematical model for identifying a smaller set of variables
(interpretable as causes or end members) whose action could account for the correlations among
the original variables. The computations extract from the original correlation matrix a series of
orthogonal (uncorrelated) eigenvectors (principal axes or principal components), each of which
in turn accounts for a maximum possible amount of the remaining variance. For morphological
data the first principal component is usually interpreted as an expression of general size and the
effects of size, while successive components quantify aspects of shape. The number of eigenvectors
(with eigenvalues greater than 1.0) and the pattern of their loadings (a measure of their influence,
mathematically a standard partial regression coefficient) on the original variables may suggest
hypotheses about underlying causes. The taxonomist may apply these results to select those charac-
ters most likely to provide independent genetic informaton.

The mathematical theory and biological applications of multivariate methods are discussed in
many modern textbooks, of which the following have been particularly useful in this study: Davis
(1973), Reyment et al. (1984), Sneath and Sokal (1973), Sokal and Rohlf (1969).

FEMALE FirTH LiIMB

R-mode cluster analysis for untransformed data (17 characters, 59 species) produced three
distinct clusters, composed of podomere lengths, podomere widths, and seta lengths (Text-fig. 2A).
The isolation of character 18 may result from its small size and less accurate measurement. The
pattern suggests that lengths and widths may be independent to some degree, justifying such verbal
descriptions of this leg as “‘elongate” or “robust.” Almost exactly the sams pattern was produced
from log-transformed data (Text-fig. 2B), suggesting substantial linearity in these relationships.
The high levels of similarity confirm the traditional judgment that most of these characters have
no independent taxonomic value.

Q-mode cluster analyses (not shown) yielded small groups of related species, but larger clusters
transgressed generic and other plausible relationships, supporting the view that this leg has little
taxonomic value.

Principal components analysis of untransformed data produced high squared multiple correla-
tions for all characters except 18 (Table 2). The first eigenvector explains 59 percent of the variance
and is readily interpreted as general size. Eigenvector 2 explains 15 percent and can be interpreted
as setosity, with positive effect on seta length and negative effect on podomere length. Eigenvector
3 explains 7 percent of the variance and acts strongly only on seta 26, which may have taxonomic
value. Results from log-transformed data (not shown) were very similar, suggesting that the re-
lationships are largely linear,
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TexT-FiG. 2—Phenograms resulting from R-mode cluster analysis of measurements on female fifth limb (A, B),
male right fifth limb (C, D), sixth limb (E, F), seventh limb (G, H), and female furca (I, J). A, C, E, G, I, un-
transformed data; B, D, F, H, J, log-transformed data.

MaLE RigHT FIFTH LIMB

R-mode cluster analysis of raw data (18 characters, 52 species) yielded four small clusters, one
cluster composed mostly of podomere dimensions, another including the ventral pegs and seta,
amother for dimensions of the distal hook and its sensory setae, and the last for the two angles and
the dorsal seta (Text-fig. 2C). The analysis of log-transformed data (Text-fig. 2D) reproduced the
last two clusters but mixed the first two. The results suggest that structures located in the same
general region of the limb will tend to vary together rather than independently.

Q-mode cluster analysis of both sets of data (not shown) yielded poorly defined clusters with
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TABLE 2—PRINCIPAL COMPONENTS ANALYSIS FOR FEMALE FIFTH LiMB.

Eigenvectorst?

Character SMCt!? 1 2 3
14 0.99233 0.767 -0.491 0.005
15 0.96271 0.871 -0.226 0.098
16 0.97122 0.674 -0.600 0.233
17 0.93095 0.668 -0.406 0.359
18 0.65773 0.437 -0.112 -0.156
19 0.87004 0.879 0.070 -0.132
20 0.92388 0.890 0.014 -0.245
21 0.89161 0.862 0.076 -0.349
22 0.91871 0.901 0.130 -0.327
23 0.82122 0.817 0.068 -0.419
24 0.91340 0.697 0.611 0.180
25 0.88149 0.725 0.524 0.316
26 0.80599 0.666 0.269 0.576
27 0.85568 0.699 0.589 0.037
28 0.99814 0.855 -0.482 0.104

Eigenvaluest?® 0.5935 0.7376 0.8159

t!  Squared multiple correlations of each variable with all other variables.
12 Loadings of each eigenvector (principal component) on the variables.
t? Variance explained by each eigenvector, as cumulative proportions of total variance.

many leftover species. The individual clusters were more homogeneous at the generic level for
log-transformed than for raw data, suggesting non-linearity for some of these relationships.
Principal components analysis of untransformed data yielded moderate to high squared multi-
ple correlations (Table 3), with seta 89 being the most independent. Eigenvector 1 explains only
44 percent of the variance, confirming the taxonomic value of the shape of this leg. While it is
unusual for the first principal component (general size) to have negative loadings, that is quite lo-
gical here: Large species of Macrocyprididae tend to have more recurved hooks (smaller angle

TABLE 3—PRINCIPAL COMPONENTS ANALYsIS FOR MALE RIGHT FiFTH LiMB

Eigenvectors
Character SMC 1 2 3 4
75 0.78744 0.825 -0.129 0.295 -0.012
76 0.91829 0.915 0.167 0.080 -0.022
77 0.55937 0.276 0.659 0.322 0.231
78 0.94266 0.934 0.184 0.063 0.049
79 0.91607 0.912 -0.026 0.064 0.195
80 0.95180 0.796 0.498 0.051 0.032
81 0.80534 0.541 0.715 0.000 0.001
82 0.52987 0.049 0.060 -0.628 0.574
83 0.49394 -0.375 0.334 -0.210 0.570
84 0.83618 0.901 -0.062 -0.018 -0.085
85 0.87428 0.768 -0.525 0.004 -0.014
86 0.52206 0.594 ~0.285 -0.168 -0.178
87 0.95936 0.628 -0.513 -0.146 0.231
88 0.96436 0.611 -0.576 -0.078 0.284
89 0.65417 -0.330 -0.059 0.729 0.480
90 0.81940 0.327 0.748 -0.326 -0.198

Eigenvalues 0.4440 0.6256 0.7098 0.7843
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83), while the dorsal seta (98) is found mostly in species of Macrocyprina, a genus whose species tend
to be quite small. Two sensory setae and the proximal angle (77, 82, 90) also show little dependence
on general size. Eigenvector 2 explains 19 percent of the variance; it controls the shape of the distal
hook with its sensory setae and the shapes of the ventral pegs. Eigenvector 3 explains 8 percent of
the variance and has its greatest effect on the shape (angle 82) of the proximal podomere and on
the dorsal seta (89), both characters that may distinguish geographical species-groups in Macrocy-
prina. Eigenvector 4 explains 7 percent of the variance and also controls the angles and dorsal seta.
These results confirm that there is considerable taxonomic value in the shape of the leg, but it
appears that the shapes of the ventral pegs may have less importance than sometimes supposed.
Analysis of log-transformed data (not shown) yielded fairly similar loadings for the first two fac-
tors but very different patterns for the others, suggesting non-linearity in the relationships of cer-
tain characters.

MALE LerT FIFTH LIMB

The male fifth limbs tend to be asymmetrical in Macrocyprididae. The left limb varies from
being nearly the mirror image of the right leg to being very much reduced and of quite different
shape. It is not known whether the degree of asymmetry has taxonomic value above the species
level. Because of this variability, the R-mode and Q-mode cluster analyses for this leg (18 charac-
ters, 53 species) are more difficult to interpret (not shown). Compared with those for the right
leg, the principal component analyses (not shown) yielded a similar pattern of loadings for the
first eigenvector, but conspicuous differences for the others, which highlight the individual characters
that often show asymmetry. Future analyses may more appropriately focus directly on this asym-
metry by calculating the differences between the values for the homologous characters of the two
legs.

SixTH LiMB

R-mode cluster analysis of untransformed data (18 characters, 65 species) yielded somewhat
confused clusters that intermix setae with podomere lengths of widths (Text-fig. 2E). The apparent
independence of dimensions 36 and 39 may result from less accurate measurement of these tiny
structures. The high levels of similarity support the lack of taxonomic value at the specific and ge-
neric level for most characters of this leg. Slight differences in the analysis of log-transformed data
(Text-fig. 2F) may be calling attention to non-linear components in these correlations.

Q-mode cluster analysis of raw data yielded poor structure and species clusters that could not
be interpreted (not shown). Analysis of log-transformed data showed fair structure, in which the
small species clusters were homogeneous at the generic level (not shown). This suggests that there
may be some taxonomic information in this leg, hidden from the casual eye by non-linearity of
relationships.

Principal components analysis of untransformed data yielded high squared multiple correla-
tions for all variables except 36 and 39 (Table 4). Eigenvector 1 explains 73 percent of the variance
and is readily interpretable as general size. Eigenvector 2 explains 9 percent and primarily controls
proportionate lengths of the podomeres and distal setae. Analysis of log-transformed data (not
shown) produced fairly similar results; non-trivial differences in the loadings for several setae sug-
gest that non-linear trends may be at work.
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TABLE 4—PRINCIPAL COMPONENTS ANALYSIS FOR SIXTH LIMB

Eigenvectors

Character SMC 1 2
29 0.97998 0.757 0.601
30 0.98468 0.903 0.349
31 0.95508 0.846 0.444
32 0.98075 0.830 -0.417
33 0.93575 0.944 -0.067
34 0.92179 0.936 -0.095
35 0.96739 0.963 -0.071
36 0.72585 0.722 -0.014
37 0.85891 0.855 -0.048
38 0.85456 0.888 -0.134
39 0.74265 0.580 -0.294
40 0.91531 0.813 -0.474
41 0.89497 0.876 -0.342
42 0.89959 0.855 0.389
43 0.87084 0.846 -0.146
44 0.99697 0.950 0.251

Eigenvalues 0.7276 0.8249

SEVENTH LIMB

R-mode cluster analysis of untransformed data (21 characters, 64 species) produced three dis-
crete clusters, one composed largely of dimensions for the three proximal podomeres, one for the
distal podomere and recurved (feathered) seta, and one for most of the ventral and distal setae
(Text-fig. 2G). Analysis of log-transformed data (Text-fig. 2H) reproduced substantially the same
clusters with minor differences. There appears to be a strong connection between length of the
recurved seta and length of the next-to-last podomere, while several of the other setae are highly
correlated with each other but rather independent of the recurved seta.

Q-mode cluster analyses (not shown) of both raw and transformed data yielded good structure,
with five or six reasonably homogeneous (at the generic level) species clusters plus a few leftovers.
This supports the traditicnal view that the shape of this leg has good taxonomic value.

Principal components analysis of untransformed data produced high squared multiple correla-
tions for all variables (Table 5). Eigenvector 1 explains 73 percent of the variance and has high
loadings on all characters except 61. It may be interpreted as general size plus typicality of shape.
Eigenvector 2 explains 13 percent of the variance and controls relative seta lengths; the negative
effect on the recurved seta and positive influence on other setae demonstrate good taxonomic
value for the relative proportions of these setae. Analysis of the log-transformed data yielded quite
similar results (not shown), suggesting substantial linearity in these relationships. For both analy-
ses, the strong dependence of the recurved seta on general size suggests that it may carry less taxo-
nomic information than commonly supposed, while setae 54, 60 and 61 deserve greater taxonomic
attention.
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Eigenvectors
Character SMC 1 2
45 0.99145 0.921 0.016
46 0.97804 0.876 0.287
47 0.97110 0.920 -0.278
48 0.96145 0.899 -0.182
49 0.89290 0.884 0.164
50 0.96855 0.939 0.096
51 0.98077 0.953 0.091
52 0.90407 0.900 -0.256
53 0.88819 0.836 -0.329
54 0.86501 0.708 0.580
55 0.82172 0.812 0.356
56 0.86216 0.814 -0.368
57 0.85052 0.810 0.261
58 0.98766 0.912 -0.308
59 0.93432 0.731 ~0.578
60 0.90322 0.761 0.523
61 0.89969 0.522 0.807
62 0.99830 0.973 -0.026
63 0.99353 0.890 -0.409
Eigenvalues 0.7256 0.8624

FEMALE FURCA

R-mode cluster analysis for raw data (13 characters, 42 species) yielded several small clusters,
representing lengths, thicknesses, and seta dimensions (Text-fig. 2I). The analysis of log-trans-
formed data (Text-fig. 2J) reproduced the lengths cluster but not' the others.

Both Q-mode cluster analyses (not shown) produced poor structure, with many leftover species,
although the smaller species-clusters were fairly homogeneous at the generic level.

Principal components analysis of untransformed data produced high squared multiple correla-
tions for all variables except 11 and 12 (Table 6); their tiny size makes them hard to measure ac-

TABLE 6—PRINCIPAL COMPONENTS ANALYSIS FOR FEMALE FURCA

Eigenvectors
Character SMC 1 2 3
3 0.99813 0.840 -0.265 -0.049
4 0.99917 0.877 -0.194 -0.334
5 0.99860 0.423 0.755 0.226
6 0.99975 0.969 0.118 -0.106
7 0.89798 0.860 -0.095 0.270
8 0.88088 0.720 0.146 0.600
9 0.84172 0.875 -0.006 0.243
10 0.94669 0.801 -0.286 ~0.489
11 0.57325 0.177 0.769 -0.407
12 0.32167 ~0.155 0.722 -0.149
13 0.96717 0.929 0.158 -0.103
Eigenvalues 0.5615 0.7380 0.8385
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curately. Eigenvector 1 explains 56 percent of the variance and may be interpreted as general size;
the low loadings on setae 11 and 12 signal their independence of size. Eigenvector 2, which explains
18 percent of the variance, controls setae 5, 11 and 12. Eigenvector 3 seems to control taper of the
rami and explains 10 percent. Similar results were obtained from log-transformed data (not shown).

In future analyses, the asymmetry of the furcal rami and the positions of the proximal setae

should be more directly coded and the redundant variables deleted; this should improve interpre-
tability of the results.

MALE Furca

The furca is conspicuously dimorphic in some but not all species of two genera and may be
slightly dimorphic in others. In such cases the male furca is smaller than that of the female and
the rami are much reduced. The results presented below show that in future analyses the charac-
ters should be recoded to emphasize the taxonomic value of this dimorphism.

R-mode cluster analysis of both raw and log-transformed data showed poor structure without
distinct clusters (13 characters, 52 species; not shown).

Q-mode cluster analysis of raw and transformed data showed poor structure with many leftover
and misclassified species.

The principal component analyses of both raw and transformed data (not shown) were quite
similar to those for the female. :

THE TotrAL DATA SET

Cluster analysis of raw data (112 characters, 71 species) showed fairly good structure, in which
the smaller clusters tend to be homogeneous both by body region and by type of character (Text-
fig. 3). Repeatedly, the homologous characters of the male and female or right and left limbs cluster
very closely, while podomere widths tend to separate from podomere lengths or carapace dimen-
sions. The occasional misgroupings have heuristic value: For example, the close pairing of setae
37 and 54, which occupy comparable positions on successive legs, suggests an underlying influence
related to serial homology. The connection of the recurved seta (58) with the next-to-last podomere
of the seventh leg (47) is also striking. Other characters, such as seta 26 of the female fifth limb,
the proximal setae of the furcae, and the angles of the male fifth limbs, continue to display inde-
pendence and potentially valuable taxonomic characters.

Principal components analysis yielded the results shown in Table 7. Eigenvector 1 (general size)
now explains only 42 percent of the variance. It has especially high positive loadings on podomere
dimensions, lengths of major setae, and carapace dimensions, but it has negligible or even negative
effects on some characters, especially of the male fifth limbs. Eigenvector 2 explains 16 percent of
the variance and seems to control shape of the furca, with high positive loadings on dimensions of
the furcal rami; it also comprehends shape aspects of the distal podomeres and major setae of the
sixth and seventh limbs and controls proportions of the ventral pegs and seta of the male fifth limbs.
The overall effect is to emphasize those taxonomic differences that separate “Macrocypris” s. 1.
from “Macrocyprina” s. 1. Eigenvector 3 explains 7 percent of the variance; its loadings are gene-
rally positive for the fifth limb and negative for all others. It controls a variety of shape aspects of
the fifth limbs and furcae. The subsequent eigenvectors individually explain only 3 percent of the
variance or less; 14 additional eigenvectors (none of which have loadings higher than +0.614)
are necessary to explain 90 percent of the variance. The following is a complete list of all positive
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TABLE 7—PRINCIPAL COMPONENTS ANALYSIS FOR THE TOTAL DATA SET (3 OF 16 EIGENVECTORS)

Eigenvectors Eigenvectors
Character Character
2 3 1 2 3

3 0.097 0.816 0.026 60 0.796 —-0.241 -0.132

4 0.129 0.867 -0.082 61 0.684 ~0.507 -0.262

5 0.676 0.106 -0.280 62 0.859 0.274 -0.297

6 0.369 0.793 ~0.145 63 0.672 0.560 -0.163

7 0.324 0.535 -0.124 64 0.041 0.721 -0.206

8 0.182 0.316 -0.221 65 0.166 0.804 -0'140

9 0.064 0.377 ~0.201 66 0.598 -0.112 -0.512
10 0.043 0.915 -0.015 67 0.373 0.696 ~0.393
11 0.413 -0.162 -0.146 68 0.244 0.481 -0.348
12 0.534 0.047 0.133 69 0.314 0.222 -0.521
13 0.377 0.754 -0.075 70 0.240 0.580 -0.435
14 0.595 0.309 0.284 71 0.035 0.780 -0.027
15 0.709 0.147 0.418 72 0.368 -0.015 -0.226
16 0.457 0.363 0.457 73 0.504 -0.196 0.148
17 0.460 0.235 0.636 74 0.368 0.680 -0.410
18 0.576 ~0.065 0.163 75 0.672 0.386 0.321
19 0.823 -0.154 0.319 76 0.781 - 0.164 0.398
20 0.802 ~-0.151 0.283 77 0.302 -0.437 0.037
21 0.793 -0.194 0.168 78 0.845 0.061 0.318
22 0.787 -0.263 0.203 79 0.703 0.262 0.415
23 0.734 ~0.242 0.170 80 0.754 -0.285 0.263
24 0.592 -0.468 0.034 81 0.596 -0.521 0.128
25 0.646 ~0.415 0.151 82 ~0.009 -0.066 0.123
26 0.487 ~0.336 0.360 83 -0.234 -0.423 -0.159
27 0.625 -0.499 -0.005 84 0.711 0.125 0.407
28 0.659 0.287 0.447 85 0.508 0.582 0.389
29 0.820 0.206 -0.267 86 0.378 0.267 0.453
30 0.879 -0.050 -0.345 87 0.386 0.418 0.291
31 0.879 0.085 -0.260 88 0.369 0.493 0.260
32 0.591 -0.622 -0.230 89 ~0.485 0.159 -0.013
33 0.878 -0.352 -0.118 90 0.565 -0.678 -0.056
34 0.865 -0.228 -0.146 91 0.424 0.277 0.081
35 0.873 ~0.325 -0.143 92 0.843 -0.109 0.404
36 0.803 -0.321 -0.174 93 0.177 -0.316 0.044
37 0.720 -0.307 -0.166 94 0.842 0.068 0.311
38 0.794 ~0.307 -0.052 95 0.819 0.009 0.257
39 0.678 -0.236 -0.092 96 0.795 -0.335 0.259
40 0.659 -0.480 -0.135 97 0.805 -0.323 0.105
41 0.718 -0.576 -0.063 98 0.025 0.013 -0.017
42 0.850 -0.027 -0.138 99 -0.450 0.097 -0.308
43 0.702 ~0.441 -0.168 100 0.805 0.223 0.268
44 0.895 -0.141 -0.311 101 0.408 0.672 0.295
45 0.791 0.262 -0.350 102 0.486 0.548 0.266
46 0.877 -0.022 -0.369 103 0.515 0.539 0.343
47 0.748 0.448 -0.202 104 0.484 0.640 0.304
48 0.756 0.353 -0.145 105 -0.457 0.230 -0.044
49 0.780 0.044 -0.279 106 0.413 -0.493 -0.100
50 0.867 0.051 -0.235 107 0.893 -0.239 0.022
51 0.872 0.078 -0.259 108 0.913 -0.208 0.092
52 0.708 0.380 -0.204 109 0.894 -0.206 0.005
53 0.654 0.376 -0.234 110 0916 -0.166 0.102
54 0.749 -0.169 -0.336 111 0.909 -0.117 ~0.254
55 0.776 ~0.054 -0.199 112 0.821 ~0.191 -0.082
56 0.668 0.544 -0.008 113 0.816 -0.073 -0.154
57 0.870 0.098 -0.037 114 0.932 -0.186 0.027
58 0.695 0.471 -0.222 Eigenvalues 0.4231 0.5819 0.6460
59 0.572 0.663 -0.041
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oadings of eigenvectors 4 through 16 that exceed 0.400: Eigenvector 4 on characters 24 and 68;
ion 39, 89, and 105; 6 on 13, 77, and 89; 7on 11 and 72; 8 on 8 and 9; 9 on 87 and 88; 10 on 82
ind 98; 11 on 82; 12 on 82 and 83; 15 on 91. The following negative loadings of eigenvectors 4
hrough 16 exceed —0.400: Eigenvector 5 on character 9; 7 on 69. The recurrence in these lists of
ligh loadings on the furcae and male fifth limbs emphasizes the quantity of taxonomic informa-
ion available in these limbs, but it also suggests that more appropriate measurement of characters
night yield simpler structure.

Although these results are not easy to interpret biologically, they offer much that the taxonomist
hould ponder before making decisions about characters and genera. Minor differences from the
inalyses of log-transformed data (not shown) provoke speculation about non-linearity of certain
elationships.

CONCLUSIONS

Although the Family Macrocyprididae is a relatively small, homogeneous family, these simple
nultivariate methods have yielded an alarming amount of new information, which cannot be fully
ligested in the space available here. In general, the results support the prevailing opinion that the
‘urcae and male fifth limbs have relatively high taxonomic value at the generic level, while most
sharacters of the sixth limb and female fifth limb have little taxonomic usefulness. However, a few
sharacters singled out by these methods as having potential taxonomic value had previously not
een recognized as such, perhaps because they may have substantial non-linear components to
heir variability.

The would-be numerical taxonomist of ostracods should find these results highly encouraging.
‘thas been shown that simple screening of the data for conformity to a continuous distribution such
1s the normal distribution can serve to flag certain characters as highly likely or unlikely to possess
axonomic value at the generic level. The R-mode cluster analyses of characters have provided a
wreat deal of information about their interrelationships. The principal components analyses pre-
ient comparable insights in more rigorous form. The Q-mode cluster analyses have detected pos-
sible flaws either in the current generic classification of species or in the way certain characters were
neasured. For all these methods, discrepancies between results from raw and log-transformed data
1ave spotlighted body proportions that may have a non-linear basis; those characters should now
e investigated further by other, regression-based, multivariate methods. Also highly desirable
would be comparable analyses of individual and geographical variability within species. Meanwhile,
‘hese preliminary results will be very useful in completing the taxonomic revision of the family
Macrocyprididae, and similar analyses should be undertaken for other living families of ostracods.
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DiscussioN

Kaesler: Your use of a test of normality to assess the value of characters is interesting. I assume
non-normality implies taxonomic usefulness only when the departure from normality is in the
direction of platykurtosis or multimodality rather than toward leptokurtosis. Would you care to
comment on this distinction?

Maddocks: I had not intended to emphasize this normality testing. The programs I used ran,
this test routinely together with other descriptive statistics, and I thought the results sufficiently
interesting to be worth mentioning. A4 priori, we have no reason to predict any particular distribu-
tion of a character among the species of a family. If it should turn out that some of these characters
do approximate some definable distribution, of whatever type, this might suggest hypotheses
about speciation.

Schweitzer: I think your emphasis on the normal distribution is misdirected. As I understand
it, you look for characteristics that vary greatly among taxa, while varying only a little within taxa.
At no time do you invoke probabilistic assumptions, so the null model of a gaussian distribution
is totally arbitrary. Suppose one character had a distribution that was uniform (a boxcar). Then
your test for non-normality would be significant, regardless of the taxonomic utility (=discriminat-
ing power) of the character. Bookstein et al. (1985. Morphometrics in Evolution: The geometry of
size and shape change, with examples from fishes. Acad. Nat. Sci., Philadelphia) detail five reasons
for log-transforming lengths and distances. Normality doesn’t enter into it. I liked your talk and
I think studies of this kind are very powerful. My complaint is just that the normality testing is
not necessary. A simple F-ratio is what you need to show which characters have the power to
discriminate between species or genera.

Maddocks: I agree that normality testing is unnecessary for the techniques used, but it is always
a good idea to examine the univariate distributions of the characters being studied before proceed-
ing with more sophisticated analyses. In this case I thought it interesting that initial scan of the
data provided a fairly good prediction of the relative taxonomic value of many characters.



A Preliminary Study on Ornamentation and
Ultrastructure of Mesozoic and Cenozoic Ostracoda in China
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ABSTRACT

This paper deals with an abundance of material collected in China, which has been studied by
many Chinese ostracodologists and published over the past thirty years or more. The present
writers make use of the types of more than 500 species of Mesozoic and Cenozoic non-marine and
marine Ostracoda which were examined by the scanning electron microscope. From examining
several thousand SEM photographs they consider that the pattern of ornamentation may be divided
into twelve types, and the ultrastructure of the pores into six types. Summarizing all the types of
ornamentation and pore ultrastructure, the writers here put forward some preliminary views. It is
suggested that the type of ostracod ornamentation may reflect the relationships between some
genera and their evolutionary process, while the type of pore is probably related to the sedimen-
tary facies. The study of both would accumulate more material and evidence leading to a much
wider field for future ostracod research.

INTRODUCTION

It is very important in classification and evolution of Ostracoda to study the ornamentation and
ultrastructure of ostracod shell, which has been rapidly developed recently because of the using
of Scanning Electron Microscope and Transmission Electron Microscope.

The different shape of pore in subfamily Schizocytherinae was found (Hanai, 1970), which was
related with dimorphism of Ostracoda. The ultrastructure of carapace, marginal pores and very
fine setal pore of some ostracods were described by Langer (1973), who got some available con-
clusion. Puri and Dickau (1969) and Puri (1974) detected normal pores of some ostracods and
discussed those using in taxonomy and phylogeny of ostracods. Rosenfeld and Vesper (1976)
studied the variability of the sieve pores in both recent and fossil species Cyprideis torosa (Jone,
1850) and considered that the palacoenvironment, especially the palaeosalinity, can be deduced
by the sieve-pores. Development of sieve pores and ultrastructure of carapace-sensilla of some
species were investigated by Keyser (1982, 1983), who discussed the possible function of the pores
and bristle in the pore. Okada (1982a, b; 1983) paid a more attention to establish the relation
between the ornamentation of shell surface and the cell in epidermis and to discuss the ultrastruc-
ture and function of pore of ostracods.

In China, the studying of the ultrastructure of carapace, ornamentation and trace elements of
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ostracod shell was started in the later of 1970’s. The junior author, in his master thesis (1981)
and his doctoral dissertation (1984) (both in press), described shape of pore canals of some
ostracods, established five types of ultrastructure of carapace, and discussed the relationship
between the trace elements in shell and the palacoenvironment, in which the ostracods once lived.

Recently greater attention has been paid by Chinese ostracod researchers to shell ornamenta-
tion and pore ultrastructure of ostracods collected in China. This paper deals with a large

TABLE 1—TYPES OF OSTRACOD ORNAMENTATION

A. Reticulate type C. Echinulate type
1. Polygonal reticulate type 1. Spine-like echinulate type
2. Granular ridge-like reticulate type 2. Granular echinulate type
3. Transverse bar-bearing reticulate type
4. Polyform reticulate type D. Striate type
5. Round reticulate type 1. Corduroy-like striate type
6. Scale-like reticulate type 2. Fingerprint-like striate type

B. Spot-shaped type

1. Punctate ornamented type
2. Measles-like ornamented type

TABLE 2—TYPES OF OSTRACOD PORES

A. Types of simple pores B. Types of sieve pores
1. Single circular pores 1. Round sieve pores
2. Double circular pores 2. Elongate or irregular sieve pores

3. Lip-like circular pores
4. Funnel-shaped circular pores

amount of material which has been studied by many Chinese ostracod workers and published
in the past thirty-odd years. The present writers make use of the holotypes and homotypes describ-
ed and illustrated in these publications, amounting to more than 500 species and nearly 1,000
individuals of Mesozoic and Cenozoic non-marine or marine Ostracoda, which were examined by
means of the scanning electron microscope. From several thousand scanning electron microphoto-
graphs they observed that the ornamentation of the shell and the ultrastructure of the pores show
many patterns and consider that both kinds of patterns may be divided into twelve and six types
respectively (see Tables 1 and 2).

PLATE 1—Fig. 1. Limnocythere nodosa Bojie, Polygonal reticulate ornamentation, Bar=10 um. Fig. 2. Paracandona
euplectella (Robertson), Granular ridge-like reticulate ornamentation, Bar = 10 um. Fig. 3. Limnocythere
bucerusa Sou, Transverse bar-bearing reticulate ornamentation, Bar = 100 um. Fig. 4. Leucocythere plena
Y.H. Zhao, Polyform reticulate ornamentation, Bar = 10 um. Fig. 5. Cypridea favosa Ye, Round reticulate
ornamentation, Bar = 100 um. Fig. 6. Cypridea? dissona Netchaeva, Scale-like reticulate ornamentation,
Bar = 100 um. Fig. 7. Camarocypris ovata Bojie, Punctate ornamentation, Bar = 30 um. Fig. 8. Sinocypris
Sfuningensis Ho, Measles-like ornamentation, Bar = 100 zm.
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TYPES OF SHELL ORNAMENTATION

Reticulate types

1. Polygonal reticulate type, with surface ornamentation composed of polygonal reticulation.
Meshes very shallow and flat, as in some species of the genera Limnocythere, Chinocythere and
Ilyocypris. especially clear in Limnocythere bicostata Bojie, L. microcostata Bojie, L. longipileifor-
mis Bojie, L. nodosa Bojie, L. dectyophora Bajie (Pl. 1, fig. 1).

2. Granular ridge-like reticulate type, possesses reticulate ridges consisting of many micrograins

arranged in regular order; reticulation generally appearing in pentagonal or hexagonal shapes
as in Paracandona euplectella (Robertson) (PL. 1, fig. 2).

3. Transverse bar-bearing reticulate type, with meshes rather irregular, rhomboidal, hexagonal
or sub-quadrate in shape and unequal in size; each mesh with a transverse bar, which may be lon-
ger or shorter, as in Limnocypridea bucerrusa Sou, L. inflata Ye and Ilyocyprimorpha netchaevae
Su (PL 1, fig. 3).

4. Polyform reticulate type, bearing a lot of secondary ornamentation in the shape of
five-pointed-stars or six to seven or three to four round pits in each irregular reticulate mesh, as
shown on the surface of Limnocythere (Xinanolimnocythere) tribulosa Y.H. Zhao, Leucocythere
plena Y.H. Zhao and Abrotocythere quadracornis Y.H. Zhao (Pl 1, fig. 4).

5. Round reticulate type, with round meshes spreading all over the surface, sometimes slightly
oblong in shape, often varying in size and area between adjacent meshes. All these features are usually
observable in genera such as Cypridea, Ilyocyprimorpha, Limnocypridea, Huabeinia, Quadracypris,
Talicypridea, etc., and occasionally in a few species belonging to the genera Tuozhuangia and Chi-
nocythere. Species which are considered to show the typical ornamentation include Cypridea bella
Chen, C. favosa Ye, C. fuyuensis Ding, C. (Cypridea) semimorula Chen, C. (C.) cellularia Chen,
Ilyocyprimorpha magnifica Liu, I. sungarienensis Ten, Limnocypridea datongzhenensis Ye,
Huabeinia huidongensis Bojie, H. postideclivis Bojie, Tuozhuangia allspmata Bojie, Chinocythere
xinzhenensis Bojie, etc. (Pl. 1, fig. 5).

6 Scale-like reticulate type, ornamented with scale-shaped reticulation arranged densely on
the surface and observable in such species as Cypridea? dissona Netchaeva (PL. 1, fig. 6).

Spot-shaped types
1. Punctate ornamented type, with many punctate pits over the whole surface of the valves,
with Camarocypris elliptica Bojie, C. ovata Bojie as representatives of this pattern (PL 1, fig. 7).
2. Measles-like ornamented type, shell surface completely covered by a number of very small
round punctuations. Sinocytheridea latiovata Hou et Chen, S. longa Hou et Chen and Sinocypris
Juningensis Ho are representative (Pl 1, fig. 8) of this type.

Echinulate types
1. Spine-like echinulate type, with a great number of small spines distributed over the surface;

PLaTE 2—Fig. 1. Dongyingia impolita Bojie, Spine-like echinulate ornamentation, Bar = 30 um. Fig. 2. Cypridea
(Sebastianites) tumida Ho, Granular echinulate ornamentation, Bar = 100 um. Fig. 3. Ziziphocypris rugosa
(Liu), Corduroy-like striate ornamentation, Bar = 100 um. Fig. 4. Berocypris substriata Bojie, Fingerprint-like
striate ornamentation, Bar = 30 um. Fig. 5. Metacypris aphthosa Y.H. Zhao, Single circular pore, Bar =1
u#m. Fig. 6. Cypndopszs caohaiensis Y.H. Zhao, Double circular pore, Bar = 1 um. Fig. 7. llyocypris neoaspera
Huang, Lip-like circular pore, Bar = 10 um. Fig. 8. Candona daliensis Huang, Funnel-shaped circular pore,
Bar = 1 um. Fig. 9. Cythere lutea lutea O.F. Miiller, Round sieve pore, Bar = 10 um. Fig. 10. Cushmanidea
Japonica Hanai, Elongate or irregular sieve pore, Bar = 10 um.
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Dongyingia impolita Bojie and Ilyocyprimorpha inandita are representative of this pattern (Pl. 2,
fig. 1.

2. Granular echinulate type, decorated with many small grain-like tubercules over the whole
surface, with Cypridea (Sebastianites) tumida Ho as the typical example (Pl. 2, fig. 2).

Striate types

1. Corduroy-like striate type, with curved, continuous and disconnected striations present on
the surface, as observed in the non-marine species Ziziphocypris rugosa (Liu), Z. simakovi (Man-
delstam) and the marine species Perissocytheridea trapeziformis Hou et Chen, as far as known
(Pl 2, fig. 3).

2. Fingerprint-like striate type, bearing curved striations rather like fingerprints, sometimes
branching or with two merging into one; distance between two striae unequal—as shown on the
surface of Berocypris substriata Bojie, B. striata Bojie and Virgatocypris striata Bojie (Pl. 2, fig. 4).

TYPES oF OSTRACOD PORES

Types of simple pores

1. Single circular pores. Pores round in shape, simple, and evenly distributed; size and space
between pores variable in different genera and species, usually found on the surface of many ostra-
cod species collected from non-marine strata in China, with Candona and Metacypris as very
typical patterns (Pl. 2, fig. 5).

2. Double circular pores. Pores appearing doubly-circular in form, connected with one an-
other around a common centre, as in Cypridopsis caohaiensis Y. H. Zhao and Cyclocypris persicaria
Y.H. Zhao (PL. 2, fig. 6).

3. Lip-like circular pores. Pores appear to have a collar-like flange under high magnification,
quite commonly occurring in non-marine ostracod species observed under the SEM, as in Chino-
cythere, Limnocythere, Ilyocypris, etc. (Pl 2, fig. 7).

4. Funnel-shaped circular pores. Pores on the surface appear somewhat funnel-like and are
only found in a few non-marine ostracod species, such as Candona daliensis Huang (Pl. 2, fig. 8).

Types of sieve pores

1. Round sieve pores. Pores circular in shape, with a large one in the centre or near the
margin but absent in a few species; different in size and arrangement with different species and ge-
nera. So far only found in marine ostracods such as Perissocytheridea trapeziformis Hou et Chen,
Neocytherideis convexa Hou et Chen, Sinocytheridea latiovata Hou et Chen, S. longa Hou et Chen,
Chthere lutea lutea. O.F. Miiller, Eucythere sp., etc. (Pl 2, fig. 9).

2. FElongate or irregular sieve pores. Pores appearing elongate or irregular in shape, often

in association with circular sieve pores on the same shell surface, as in Cushmanidea japonica Hanai
(PL. 2, fig, 10).

SUMMARY AND CONCLUSIONS

Summing up all the types of ornamentation and pore ultrastructure mentioned above, the writers
here put forward their preliminary views:

1. Types of surface ornamentation can be similar to each other in different species of the same
genus or of different genera.
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2. Although some fossil ostracods can be found in different sedimentary conditions in different
areas, their ornamentations bear obvious similarities to each other.

3. In general, similar ornamentation may occur in different species of the same genus distri-
buted in different geological ages. For example, the geological range of Limnocythere is from
Tertiary to Recent, but the ornamentation of different species in this genus is commonly polygonal
reticulate. On the other hand, a close relationship exists between some species of Cypridea and
some species of Talicypridea or Quadracypris, both of which possess the same kind of ornamen-
tation belonging to the round-pit reticulate type.

4. Although the type of ornamentation varies in different parts of the same shell surface, as
seen in Limnocypridea succinata Ding and Neocytherideis convexa Hou et Chen, the variation is
stable in different individuals of the same species, as in Limnocythere (Xianolimnocythere) trilubosa
Y.H. Zhao and Abrotocythere quadracornis Y.H. Zhao.

5. Types of pores are obviously different between Ostracoda collected from marine strata and
from non-marine strata. They are probably not influenced by the type of ornamentation, but may
be controlled by sedimentary facies, or more specifically, by salinity.

From a macroscopic view, it seems that the variation in ostracod ornamentation is not controlled
by the factors of time and space, but possibly caused by some factors in the organism itself. Pre-
liminary assessment of the large amount of material described in this paper reveals that there is
probably a close relationship between the character of ostracod ornamentation and their evolu-
tion and therefore the study of shell ornamentation would provide evidence not only for evolu-
tionary affinity, but also for their classification. It is especially significant in dealing with the pro-
blems of ostracod classification and evolution. The results of observations on the samples suggest
that the different pore types are closely linked with sedimentary conditions such as salinity, etc., so
the type of pore can be considered as one of the indicators for determining the sedimentary facies
and conditions under which the ostracod lived.

To sum up, the type of ostracod ornamentation may reflect the relationship between some
genera and their evolutionary processes, while the type of pore is probably related to the sedimentary
facies. The study of both these features would accumulate more material and evidence leading to a
much wider field for ostracod researchers in the future.
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ABSTRACT

Based on the study of scanning electron micrographs of cross-sections of ostracod shells repre-
senting 17 species in genera of the suborders Cladocopina, Halocypridina, and Myodocopina, five
primary components are identified in the endocuticle: 1 —laminate, 2—columnar, 3—fine granular,
4—coarse granular, 5—homogeneous. Crystalline nodules, rare in vivo, but common in preserved
specimens, are considered to represent a secondary component. Preliminary experimentation with
sun-dried shells of Vargula hilgendorfii indicates that crystalline nodules form in 109 buffered for-
malin, a commonly used preservative of plankton. Examination of two growth stages of this
species suggests the same general combination of components during ontogeny.

Pelagic species of Gigantocypris, Halocypris, Conchoecia, and Macrocypridina have laminate
endocuticles, but the pelagic Codonocera polygonia has both laminate and coarse granular com-
ponents in the endocuticle. Benthonic species may have only one or a combination of any of the
five components, but not more than four components in a species.

Based on this and previous studies, the ultrastructures of the endocuticles of the following taxa
are known: Metapolycope hartmanni, Polycope sp., Conchoecia atlantica, C. valdiviae, C. belgica,
Halocypris inflata, Thaumatoconcha caraionae, T. tuberculata, Asteropterygion setiferum, Macrocy-
pridina castanea, Gigantocypris muelleri, Scleroconcha folinii, Vargula hilgendorfii, Codonocera poly-
gonia, Eusarsiella texana, E. disparalis, Spinacopia sp.

INTRODUCTION

The purpose of this study is to examine cross-sections of the shells of myodocopid ostracods
with scanning electron microscopy (SEM) in order to determine their ultrastructure. We report
on the ultrastructure of 17 species in the suborders Cladocopina, Halocypridina, and Myodoco-
pina, and we identify five different primary components in the shells (Table 1); crystalline nodules
are considered to be a secondary component. The combinations of the various components of the
shells are discussed relative to taxonomy and environment.

METHODS

Scanning electron microscopy techniques in the National Museum of Natural History were re-

243



244 1.G. SouN AND L.S. KORNICKER

TABLE 1—SHELL ULTRASTRUCTURE AND HABITAT OF MYODOCOPA

g,
s g 2
w 2 S g
Taxon 2 g g @ §o - Source
£ E B 8 o
E 22 %83
S O K O & T
Suborder CLADOCOPINA
Metapolycope hartmanni Kornicker and — X X — B Kornicker and van Morkhoven, 1976
van Morkhoven, 1976 fig. 7d.
Polycope sp. — X — — B Herein, Pl 2, fig. 4.
Suborder HALOCYPRIDINA
Conchoecia atlantica (Lubbock, 1856) X — — — — P Herein, Pl 1, figs. 6-9; PL 2, fig. 5.
C. belgica Miiller, 1906b X — — — — P Bateand East, 1972, fig. 10; 1975, PL 3,
fig. 8.
C. valdiviae Miiller, 1906a X — — — — P Bateand Sheppard, 1982, PL 7, figs. 1, 2.
Halocypris inflata (Dana, 1849) X — — — — P Bateand Sheppard, 1982, Pl. 4, fig. 4;
Pls. 5-10.
Thaumatoconcha caraionae (Kornicker. — X — — — B Herein, Pl 4,fig. 7.
and Sohn, 1976)
T. tuberculata Kornicker and Sohn, 1976 — X X — — B Herein, PL 4, figs. 8-10.
Suborder MYODOCOPINA
Asteropterygion setiferum Kornicker and X — — — — B Herein, Pl 1, figs. 10, 11; Kornicker,
Caraion, 1974 1975, figs. 17, 18.
Codonocera polygonia Poulsen, 1962 X — — X — P Bateand Shep